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Post-Construction Storm Water Management in New
Development and Redevelopment

Regulatory Text

Y ou must develop, implement, and enforce a program to address scorm water runoff from
new development and redevel opment projects that disturb greater than or equal to one
acre, including projects less than one acre that are part of alarger common plan of
development or sale, that discharge into your small MS4. Y our program must ensure that
controls are in place that would prevent or minimize water quaity impacts.

Y ou must:

o Deveop and implement strategies which include a combination of structura
and/or non-structura best management practices (BMPs) appropriate for your
community;

o Usean ordinance or other regulatory mechanism to address post-congtruction
runoff from new development and redevelopment projects to the extent dlowable
under State, Tribal or local law;

o Ensure adequate long-term operation and maintenance of BMPs.

Guidance

If water quality impacts are congdered from the beginning stages of a project, new devel opment
and potentialy redevelopment provide more opportunities for water qudity protection. EPA
recommends that the BMPs chosen: be gppropriate for theloca community; minimize water
qudity impacts, and attempt to maintain pre-development runoff conditions. In choosing
appropriate BMPs, EPA encourages you to participate in locally-based watershed planning
efforts which attempt to involve a diverse group of stakeholdersincluding interested citizens.
When developing a program that is congstent with this measure's intent, EPA recommends that
you adopt a planning process thet identifies the municipdity’s program gods (e.g., minimize
water qudity impacts resulting from post- congtruction runoff from new development and
redevel opment), implementation strategies (e.g., adopt a combination of structural and/or nor
structura BMPs), operation and maintenance policies and procedures, and enforcement
procedures. In developing your program, you should consider ng exigting ordinances,
policies, programs and studies that address storm water runoff quaity. In addition to ng
these existing documents and programs, you should provide opportunities to the public to
participate in the development of the program. Non-structural BMPs are preventative actions that
involve management and source controls such as. policies and ordinances that provide
requirements and standards to direct growth to identified areas, protect senditive areas such as
wetlands and riparian areas, maintain and/or increase open space (including a dedicated funding
source for open space acquisition), provide buffers aong sensitive water bodies, minimize
impervious surfaces, and minimize disturbance of soils and vegetation; policies or ordinances
that encourage infill development in higher density urban areas, and areas with existing
infrastructure; education programs for developers and the public about project designs that
minimize water quality impacts, and measures such as minimization of percent impervious area
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after development and minimization of directly connected impervious aress. Structura BMPs
include: storage practices such as wet ponds and extended- detention outlet structures, filtration
practices such as grassed swales, sand filters and filter strips; and infiltration practices such as
infiltration basins and infiltration trenches. EPA recommends that you ensure the gppropriate
implementation of the structura BMPs by consdering some or dl of the following: pre-
congtruction review of BMP designs; inspections during construction to verify BMPs are built as
designed; post- congtruction ingpection and maintenance of BMPs,; and pendty provisons for the
noncompliance with design, congtruction or operation and maintenance. Storm water
technologies are congtantly being improved, and EPA recommends that your requirements be
responsive to these changes, developments or improvements in control technologies.

BMP Fact Sheets
Structural BMPs
Ponds

Dry extended detention ponds

Wet ponds

Infiltration practices
Infiltration basin

Infiltration trench

Porous pavement

Filtration practices
Bioretention

Sand and organic filters

Vegetative practices

Storm water wetland

Grassed swales
Grasd filter gtrip

Runoff pretreatment practices

Catch basn

In-line Storage
Manufactured products for ssorm water inlets
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Nonstructural BMPs
Experimental practices
Alum injection

On-lot Treatment

On-Lot treatment

Better site design

Buffer zones

Open space design

Urban forestry

Consarvation essements

Infragtructure planning

Narrower residentia streets

Eliminating curbs and gqutters

Green parking

Alternative turnarounds

Alternative pavers

BM P inspection and maintenance

Ordinances for postconstruction runoff

Zoning
Additional Fact Sheets

Bioretention
Hydrodynamic Separators
Infiltration Drainfidds

Infiltration Trench

Modular Treatment System

Porous Pavement

Sand Filters
Storm Water Wetlands
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Vegetative Swaes

Water Qudity Inlets

Wet Detention Ponds
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Nonstructural BMPs

Experimental practices

Alum Injection

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Alum injection is the addition of dum (an duminum sulfate sat) solution to Sorm water,
causng fine particles to flocculate (i.e., gather together to form larger particles) and settle out.
Other pollutants aso can be scavenged. Alum injection can help meet downstream pollutant
concentration loads by reducing the concentrations of fine particles and soluble phosphorus.
Alum trestment systems generally consist of a flow-welghted dosing system designed to fit
ingde astorm sewer manhole, remotely located storage tanks to provide the doser with aum,
and a downstream pond which adlows the dum, pollutants, and sediments to settle out (Kurz,
1998). When dum isinjected into sorm water it forms harmless precipitates, auminum
phosphate and duminum hydroxide. These precipitates combine with heavy metas and
phosphorus, causing them to be deposited into the sedimentsin a stable, inactive state (WEF,
1992). The collected mass of dum precipitates, pollutants, and sedimentsis commonly referred
to asfloc.

Applicability

Theinjection of liquid dum into storm sewers has been used to reduce the water quaity impacts
of storm water runoff to lakes and recelving waterbodies, particularly to reduce high phosphorus
levels Because of high ingdlation and operation cogts, dum injection is best gpplied in
gtuations where alarge volume of water is stored in one areg, asin the case of combined sewer
overflow (CSO) storage areas at wastewater treatment plants. Alum treatment can also be
implemented as a pretreatment step to further reduce turbidity and total suspended solids (TSS)
(Kurz, 1998).

Siting and Design Consider ations

Alum injection systems need to incorporate severd design features to properly apply dum and
dispose of the floc formed during the process. Dosage rates, which range from 5 to 10 mg of Al
per liter, are determined on a flow-weighted basis during storm events (Harper, 1996). Other
chemicds, such aslime, may aso be added during the process to enhance the pollutant settling.
(Often, the pH israised to between 8 and 11). The design needs to incorporate a doser system, as
well as aufficient chemicd sorage in tanks to minimize the frequency with which they need to

be refilled.

Disposal of thefloc that settlesin the downstream basin is critica, because of the concentration
of dissolved chemicals, and also because bacteria and viruses remain viable in the floc layer
(Kurz, 1998). In addition to the settling pond, a separate floc collection pump-out facility should
be ingtalled to further reduce the chance of resuspension and trangport of floc to receiving
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waterbodies. The pump disposes the floc into the sanitary sewer system or onto nearby upland
aress or dudge drying beds. A permit will be required to pump to the sanitary sewer, however.
The quantity of dudge produced at a site can be as much as 0.5 percent of the volume of water
treated (Gibb et ., 1991).

Limitations

While dum shows some potentia as a sorm water treatment practice, it has severa limitations,
induding:

Alum injection is an experimenta practice, and little is known about its long-term
performance.

In addition to maintenance, aum injection requires ongoing operation, unlike most other
post-construction storm water trestment practices.

While aum injection can reduce pollutant loads, it cannot control flows or protect
downstream channels from erosion.

Chemicals added during the dum injection process may have negative impacts on
downstream waters.

The precipitates from the dum increase the solids that must be disposed of from the
treatment.

Maintenance Consider ations
Operation and maintenance for dum trestment is criticd. Some typicd itemsinclude:

There must be routine inspection and repair of equipment, including the doser and pump-
out fadility.

A trained operator should be on-site to adjust the dosage of dum and other chemicals,
and possibly to regulate flows through the basin.

If floc is Stored on-Site in drying beds, it will need to be disposed of on aregular basis.
The settling basin will need to be dredged periodicaly to dispose of accumulated floc.

Effectiveness

Limited performance data of dum injection isavailable in Table 1. One sudy (Harper and Herr,
1996) found high remova rates for TSS and feca coliform bacteria. This study and another
(Carr, 1998) showed mixed results on total phosphorus and ortho-phosphorus.
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Table 1. Alum injection remova rates

Fecal
Ortho- ; Heavy |.. .
Study | TSS | TP TN Coliform Zinc |Ammonia
phosphorus Bacteria Metals
Harper
and Herr, [95-99 |85-95| 90-95 |[60-70 199 50-90
1996
Carr, i i
1098 37 42 522 11 245

Cost Considerations

Alum injection is ardaivey expengve practice. Congtruction costs for dum treatment systems
range from $135,000 to $400,000; the cost depends on the watershed size and the number of
outfal locations trested. Generally, alum treatment is gpplied to large drainage aress. In one
study (Kurz, 1998), an dum trestment system was a successful storm water retrofit for a 460-
acre urbanized watershed in downtown Tampa. Operation and maintenance cogts, which include
routine and chemical inspections, range from $6,500 to $25,000 per year (Harper and Herr,
1996).
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On-lot Treatment

On-Lot Treatment

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Theterm "ontlot trestment” refers to a series of
practices that are designed to treat runoff from
individua residentid lots. The primary purpose
of most on-lot practices is to manage rooftop
runoff and, to alesser extent, driveway and
sdewak runoff. Rooftop runoff, and particularly
resdentid rooftop runoff, generdly has low
pollutant concentrations compared with other
urban sources (Schueler, 1994b). The primary
advantage of managing runoff from rooftopsisto
disconnect these impervious surfaces, reducing
the effective impervious cover in awatershed.
Many of the impacts of urbanization on the 5= SRR
habitat and water quality of streams are related to A rain barrel is used to collect rooftop runoff
the fundamental changein the hydrologic cyde using a gutter/downspout system

caused by the increase of impervious cover in the

landscape (Schueler, 1994a).

Although there are awide variety of on-lot treatment options, they can dl be classfied into one
of three categories: 1) practices that infiltrate rooftop runoff; 2) practices that divert runoff or soil
moisture to a pervious area; and 3) practices that store runoff for later use. The best option
depends on the goa's of a community, the feasibility at a specific Site, and the preferences of the
homeowner.

The practice most often used to infiltrate rooftop runoff is the dry wdl. In this design, the sorm
drain isdirected to an underground rock-filled trench that is Smilar in design to an infiltration
trench (see Infiltration Trench fact sheet). French drains or Dutch drains can aso be used for this
purpose. In these desgns, the rdlatively deep dry wdll is replaced with along trench with a
perforated pipe within the gravel bed to distribute flow throughout the length of the trench.

Runoff can be diverted to a pervious area or to atreatment area using site grading, or channels
and berms. Treatment options can include grassed swales, bioretention, or filter strips. The
bioretention design can be smplified for an ortlot goplication by limiting the pre-treatment filter
and in some cases diminating the underdrain (see Bioretention fact sheet). Alternatively, rooftop
runoff can smply be diverted to pervious lawn aress, as opposed to flowing directly to the Street
and thus to the sorm drain system.

Practices that Store rooftop runoff, such as cisterns and rain barrels, are the smplest in design of
al of the on-lot treatment systems. Some of these practices are available commercialy and can
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be gpplied in awide variety of ste conditions. Cisterns and rain barrels are particularly vauable
in the arid southwest, where water is a a premium, ranfdl isinfrequent, and reuse for irrigation
can save homeowners money.

Application

Some sort of on-lot trestment can be gpplied to dmost dl stes, with very few exceptions (e.g.,
very smdl lots or lots with no landscaping). Traditionaly, on-Site trestment of resdential storm
water runoff has been encouraged, but has not generaly been an option to meet storm water
requirements. There are currently at least two jurisdictions, however, who offer "credits' in
exchange for the gpplication of onsite storm water management practices. In Denver, Colorado,
Sites designed with methods to reduce "directly connected impervious cover,” including
disconnection of downspout runoff from the storm system, are permitted to use alower Ste
impervious area when computing the required storage of storm water facilities (DUDFCD,
1992). Similarly, new regulations for Maryland alow designers to subtract each rooftop that is
disconnected from the tota Ste impervious cover when caculating required storage in sorm
water management practices (MDE, 2000).

Siting and Design Consider ations

Although most residentid lots can incorporate on-lot trestment, the best option for a Site depends
on site design congtraints and the preferences of the homeowner. On-lot infiltration practices

have the same redtrictions regarding soils as other infiltration practices (see Infiltration Basn and
Infiltration Trench fact sheets). If other design practices are used, such as bioretention or grassed
swales, they need to meet the Siting requirements of those practices (see Bioretention and

Grassed Swale fact sheets). Of al of the practices, cisterns and rain barrels have the fewest site
congraints. In order for the practice to be effective, however, homeowners need to have a use for
the water stored in the practice, and the design must accommodate overflow and winter freezing
conditions. These practices are best suited to an individual who has some active interest in

gardening or landscaping.

Although these practices are Smple compared with many other post congtruction storm water
practices, the design needs to incorporate the same basic eements of any storm water practice.
Pretreatment isimportant for dl of these practices to ensure that they do not become clogged
with leaf debris. Infiltration practices may be preceded by a settling tank or, at aminimum, a
grate or filter in the downspouit to trap leaves and other debris. Rain barrds and cisterns dso
often incorporate some sort of pretreatment, such as amesh filter at the top of the barrel or
cigern.

Both infiltration practices and storage practices typically incorporate some type of bypass so that
larger gorms flow away from the house. In rain barrels or cisterns, this bypass may be a hose set
a ahigh level of the practice and directed away from the practice and building foundation. These
practices aso include a hose st at the elevation of the bottom of the practice. The homeowner
can use the practice to irrigate landscaping or for other uses by attaching this hose to a standard
garden hose, and controlling flow with an adjustable valve. In infiltration practices the bypass
may be an aboveground opening of the downspout. As on-lot practices, grassed swales and
bioretention can be designed on-line. The design directs dl flows to the management practice,
but larger flows generdly flow over the practice and are not treated.
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One important design feature of infiltration practices isthat the infiltration area must be located
aufficiently far from the house's foundation to prevent undermining of the foundation or seepage
into basements. The infiltration area should be separated from the house by at least 10 feet to
prevent these problems.

Limitations
There are some limitations to the use of ontlot practices, including the following:

These practices require some maintenance and require some effort on the part of the
homeowner.

For homeowners who do not enjoy landscaping, it may be difficult for them to find ause
for water stored in arain barrel or cistern, since the water is not potable.

On amdl lots, some of these practices may be impractical.

Even if gpplied to every home in awatershed, these practices would only trest ardatively
small portion of the watershed imperviousness, which is largely composed of roads and
parking areas (see Narrower Residential Streets and Green Parking fact sheets).

Maintenance Consider ations

Bioretention aress, filter strips, and grassed swales require regular maintenance to ensure that the
vegetation remains in good condition (see Bioretention; Grassed Filter Strip; and Grassed Swae
fact sheets). Infiltration practices require regular remova of sediment and debris settled in the
pretreatment area, and the mediamight need to be replaced if it becomes clogged (see Infiltration
Trench fact sheet). Rain barrels and cisterns require minima maintenance, but the homeowner
needs to ensure that the hose remains devated during the winter to prevent freezing and

cracking. In addition, the tank needs to be cleaned out approximately once per year.

Effectiveness

Although the practices used for or+lot gpplications can have relatively high pollutant removas
(see Infiltration Trench; Bioretention; Grassed Filter Strip; and Grassed Swale fact sheets), itis
not clear that these pollutant remova rates can be redized with the rdatively low pollutant
concentrations entering the practices. Some data suggest that, at least for storm water ponds,
there may be an "irreducible concentration” below which no further pollutant remova can be
achieved (Schueler, 1996). Another benefit of many on-lot practicesisthat they generdly
promote ground weter recharge, either directly through infiltration or indirectly by applying or
directing runoff to pervious aress.

Cost Considerations

On acost per unit areatreated, on-lot practices are relaively expensive compared with other
storm water trestment options. It is difficult to make this comparison, however, because the cost
burden of on-lot practicesis born directly by homeowners. Typicd costs are $100 for arain
barrel and $200 for adry well or French drain. For many of these practices, homeowners can
reduce costs by making their own ortlot practice rather than purchasing a commercia product.

10
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Some trestment practices, such asrain barrels and on-lot bioretention, offer additiona benefitsto
the homeowner that may offset the cost of gpplying the practice. Smilarly, maintenance costs are
essentidly free, with the exception of replacement of adry well system, which may require
outside help.
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Better site design

Buffer Zones

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

An aguatic buffer isan areadong a
shordine, wetland, or stresm where
development is restricted or prohibited.
The primary function of aguatic buffers
isto physicaly protect and separate a
dtream, lake, or wetland from future
disturbance or encroachment. If
properly designed, a buffer can provide
storm water management and act as a
right-of-way during floods, sustaining
the integrity of stream ecosystems and
habitats. Technicaly, aquatic buffers
are one type of conservation area that
function as an integrd part of the
aquatic ecosystemn and can aso function

as part of an urban forest. Sketch of atyplcal riparian forest buffer (Source:
Chesapeake Bay Program, 2000)

The three types of buffers are water

pollution hazard setbacks, vegetated buffers, and engineered buffers. Water pollution hazard
setbacks are aress that separate a potentia pollution hazard from awaterway. By providing
sethacks from these areas in the form of a buffer, the potentia for pollution can be reduced.
Vegetated buffers are any number of natural areasthat exist to divide land uses or provide
landscape relief. Engineered buffers are areas specificaly designed to treat scorm water before it
entersinto a stream, lake, or wetland.

Applicability

Buffers can be applied to new development by establishing specific preservation areas and
sugtaining management through easements or community associations. For existing devel oped
aress, an easement may be needed from adjoining landowners. A local ordinance can help set
specific criteriafor buffers to achieve ssorm water management goals.

In many regions of the country, the benefits of buffers are amplified if they are managed in a
forested condition. In some settings, buffers can remove pollutants traveling in storm water or
ground water. Shoreline and stream buffers Stuated in flat soils have been found to be effective
in removing sediment, nutrients, and bacteria from storm water runoff and septic system effluent
in awide variety of rurd and agriculturd settings dong the East Coast and with some limited

12




Post Construction Storm Water Management - Non Structural BMP's — C06-001

cagpability in urban settings. Buffers can dso provide wildlife habitat and recreation, and can be
reestablished in urban areas as part of an urban forest.

Siting and Design Consider ations
There are ten key criteriato consder when establishing a stream buffer:
Minimum tota buffer width
Three-zone buffer system
Mature forest as a vegetative target
Conditions for buffer expansion or contraction
Physica delinestion requirements
Conditions where buffer can be crossed
Integrating sorm water and storm water management within the buffer
Buffer limit review
Buffer education, inspection, and enforcemert
Buffer flexibility.

In genera, aminimum base width of at least 100 feet is recommended to provide adequate
stream protection. The three-zone buffer system, congsting of inner, middle, and outer zones, is
an effective technique for establishing a buffer. The zones are distinguished by function, width,
vegetative target, and dlowable uses. The inner zone protects physica and ecologica integrity
and isaminimum of 25 feet plus wetland and critical habitats. The vegetative target congsts of
mature forest, and alowable uses are very restricted (flood controls, utility right-of-ways,
footpaths, etc.).

The middle zone provides distance between upland development and the inner zone and is
typicaly 50 to 100 feet, depending on stream order, dope, and 100-year floodplain. The
vegetative target for this zone is managed forest, and usage is restricted to some recreationd

uses, some storm water BMPs, and bike paths. The outer zone functions to prevent encroachment
and filter backyard runoff. The width is at least 25 feet and, while forest is encouraged, turfgrass
can be a vegetative target. Uses for the outer zone are unrestricted and can include lawn, garden,
compog, yard wastes, and most storm water BMPs.

For optima storm water treatment, the following buffer designs are recommended. The buffer
should be composed of three lateral zones: a storm water depression area that leads to a grass
filter strip that in turn leads to a forested buffer. The storm water depression is designed to
capture and store storm water during smaler sorm events and bypass larger sormflows directly
into a channel. The captured runoff within the storm water depression can then be spread across
agrassfilter desgned for sheetflow conditions for the water quality storm. The grassfilter then
discharges into awider forest buffer designed to have zero discharge of surface runoff to the
dream (i.e, full infiltration of sheetflow).

13
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Stream buffers must be highly engineered in order to satisfy these demanding hydrologic and
hydraulic conditions. In particular, smple structures are needed to store, split, and spread surface
runoff within the ssorm water depression area. Although past efforts to engineer urban stream
buffers were plagued by hydraulic failures and maintenance problems, recent experience with
smilar bioretention areas has been much more positive (Claytor and Schuder, 1996).
Consequently, it may be useful to consider eements of bioretention design for the first zone of

an urban stream buffer (shalow ponding depths, partia underdrains, drop inlet bypass, €tc).

Limitations

Only ahandful of studies have measured the ability of stream buffers to remove pollutants from
storm water. One limitation is that urban runoff concentrates rapidly on paved and hard- packed
turf surfaces and often crosses the buffer as channd flow, effectively shortcutting through the
buffer. To achieve optima pollutant removal, the engineered buffer should be carefully designed
with a storm water depression area, grass filter, and forested gtrip.

Maintenance Consider ations

An effective buffer management plan should include establishment, management, and
digtinctions of alowable and undlowable uses in the buffer zones. Buffer boundaries should be
well defined and visble before, during, and after construction. Without clear sgns or markers
defining the buffer, boundaries become invishble to loca governments, contractors, and
resdents. Buffers designed to capture storm water runoff from urban areas will require more
maintenance if the first zone is designated as a bioretention or other engineered depression area.

Effectiveness

The pollutant remova effectiveness of buffers depends on the design of the buffer; while weater
pollution hazard setbacks are designed to prevent possible contamination from neighboring land
uses, they are not designed for pollutant remova during a storm. With vegetated buffers, some
pollutant remova studies have shown that they range widely in effectiveness (Table 1). Proper
design of buffers can help increase the pollutant remova from storm water runoff (Table 2).

Table 1; Pollutant removd rates in buffer zones

0 0, 0
Reference v Sgtg;?: on Bu(fr;e(rat\érViS()Jlth T(?I%IS/0 Ph-l;(s);)ilor/ gus Li(?[tracllgg
Removal Removal Removal
Dillahaet a., 1989 Grass 4691 63-78 57-74 50-67
Magetteet a., 1987 Grass 46-92 72-86 41-53 17-51
Schwer and Clausen, 1989 Grass 26 89 78 76
Lowranceet al., 1983 Native hardwood | 5, 4 _ 23 -
forest
Doyleeta., 1977 Grass 15 — 8 57
Barker and Y oung, 1984 Grass 79 - — 9
Lowranceet al., 1984 Forested — - 30-42 85
Overman and Schanze, 1985 Grass — 81 39 67
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Table 2: Factors that enhance/reduce buffer pollutant remova performance

Factor sthat Enhance Perfor mance

Factorsthat Reduce Performance

Slopes less than 5%

Sopes greater than 5%

Contributing flow lengths <150 feet.

Overland flow paths over 300 feet

Water table close to surface

Ground water far below surface

Check dams/level spreaders

Contact times less than 5 minutes

Permeable but not sandy soils

Compacted soils

Growing season

Nongrowing season

Long length of buffer or swale

Bufferslessthan 10 feet

Organic matter, humus, or mulch layer

Snowmelt conditions, ice cover

Small runoff events

Runoff events >2 year event.

Entry runoff velocity lessthan 1.5 feet/sec

Entry runoff velocity more than 5 feet/sec

Swales that are routinely mowed

Sediment buildup at top of swale

Poorly drained soils, deep roots

Treeswith shallow root systems

Dense grass cover, 6 inchestall

Tall grass, sparse vegetative cover

Cost Considerations

Severd sudies have documented the increase of property valuesin areas adjacent to buffers. At
the same time, the red cogts of indtituting a buffer program for local government involve the
extra gaff and training time to conduct plan reviews, and to provide technical assstance, fied
delinestion, congtruction, and ongoing buffer education programs. To implement a stream buffer
program, a community will need to adopt an ordinance, develop technicd criteria, and invest in
additional staff resources and training. The adoption of a buffer program aso requires an
investment in training for the plan reviewer and the consultant aike. Manuals, workshops,
seminars, and direct technica assstance are needed to explain the new requirementsto dl the
playersin the land development business. Lagtly, buffers need to be maintained, and resources
should include systemétic ingpection of the buffer network before and after congtruction and
work to increase resdent awareness about buffers.

One way to relieve some of the significant financia hardships for developersisto provide
flexibility through buffer averaging. Buffer averaging alows deve opers to narrow the buffer
width at some pointsif the average width of the buffer and the overdl buffer area meet the
minimum criteria. Variances can dso be granted if the developer or landowner can demondirate
Severe economic hardship or unique circumstances that make compliance with the buffer
ordinance difficult.
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Open Space Design

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Open space design, aso known as
conservation development or cluster
development, is a better Ste design technique
that concentrates dwelling units in a compact
areain one portion of the development Stein
exchange for providing open space and naturd
areas dsawhere on the Ste. The minimum lot
Szes, setbacks and frontage distances for the
resdential zone are relaxed in order to cregte
the open space at the Site. Open space designs
have many benefitsin comparison to the
conventiond subdivisions that they replace:
they can reduce impervious cover, storm water
pollutants, congtruction costs, grading, and the
loss of natura areas. However, many
communities lack zoning ordinances to permit
open space development, and even those that

A site developed using open space design

have enacted ordinances might need to revise principles {hottom) maintains more undeveloped
them to achieve greater water quality and common space than the conventional
environmental bendfits. development plan (top) {Source: Arendt, 1996)

The benefits of open space design can be amplified when it is combined with other better Ste
design techniques such as narrow streets, open channels, and dternative turnarounds (see
Narrower Residential Streets, Eliminating Curbs and Gutters, and Alternative Turnarounds).

Applicability

The codes and ordinances that govern residentid development in many communities do not
dlow developersto build anything other than conventiona subdivisons. Consequently, it may

be necessary to enact a new ordinance or revise current development regulations to enable
developersto pursue this design option. Mode ordinances and regulations for open space design
can be found on http://www.cwp.org and in Better Ste Design: A Handbook for Changing
Development Rules in Your Community (CWP, 1998).

Open space design is widdly applicable to most forms of residentia development. The grestest
storm water and pollutant reduction benefits typicaly occur when open space design is applied to
resdentia zonesthat have larger lots (less than two dwelling units per acre). In these types of
large lot zones, agreat ded of natural or community open space can be created by shrinking lot
Szes. However, open space design may not dways be a viable option for high-density resdentia
zones, redevelopment, or infill development, where lots are small to begin with and clustering
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will yield little open space. In rurd areas, open space design may heed to be adapted, especialy
in communities where shared septic fields are not currently alowed by public hedth authorities.

Open space design can be employed in nearly al geographic regions of the country, with the
result of different types of open space being conserved (forest, prairie, farmland, chaparra, or
desert).

Siting and Design Conditions

Severd ste planning techniques have been proposed for designing effective open space
developments (Arendt, 1996, and DE DNREC, 1997). Often, a necessary first step is adoption of
alocd ordinance that alows open space design within conventiond residentia zones. Such
ordinances specify more flexible and smdler lot sizes, setbacks, and frontage distances for the
resdentia zone, as well as minimum requirements for open space and natura area conservation.
Other key dlements of effective open space ordinances include requirements for the

consolidation and use of open space, aswell as enforceable provisions for managing the open
gpace on acommon basis.

Limitations

A number of real and perceived barriers hinder wider acceptance of open space designs by
developers, loca governments, and the genera public. For example, despite strong evidence to
the contrary, some developers ill fed that open space designs are less marketable than
conventiond residential subdivisons. In other cases, developers contend that the review process
for open space design is more lengthy, costly, and potentialy controversid than that required for
conventional subdivisons, and thus, not worth the trouble.

Local governments may be concerned that homeowner associations lack the financial resources,
lighility insurance, or technical competence to maintain open space adequately. Findly, the
generd public is often suspicious of cluster or open space development proposals, feding that
they area"Trojan Horse" for more intense development, traffic, and other loca concerns. At the
regiond level, open space design policies and ordinances need to be carefully constructed and
implemented so as not to lead to "legp-frogging,” which isthe creetion of additiona

development in dreedy built-up areas. An open space devel opment that requires new
infrastructure, such as roads, water and sewer lines, and commercia aress, can actudly creste
more imperviousness a the regiond leve than it saves a the Site levd.

In redity, many of these misconceptions can be directly addressed through a clear open space
ordinance and by providing training and incentives to the development and engineering

community. The Natura Resources Defense Council presents severd examples of successful
conservation-oriented developmentsin Stormwater Strategies: Community Responses to Runoff
Pollution (1999).

Maintenance Consider ations

Once established, common open space and natural conservation areas must be managed by a
respongble party able to maintain the areas in anaturd sate in perpetuity. Typicaly, the open
space is protected by legally enforceable deed restrictions, conservation easements, and
maintenance agreements. In most communities, the authority for managing open space fdlsto a
homeowner or community association or aland trust. Annua maintenance tasks for open space
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managed as natural areas are dmost non+existent, and the annua maintenance cost for managing
an acre of naturd areaislessthan $75 (CWP, 1998). It may be useful to develop a habitat plan
for natural areas that may require periodic management actions.

Effectiveness

Recent redesign research indicates that open space design can provide impressive pollutant
reduction benefits compared to the conventiona subdivisions they replace. For example, the
Center for Watershed Protection (1998) reported that nutrient export declined by 45 percent to 60
percent when two conventional subdivisions were redesigned as open space subdivisons. Other
researchers have reported smilar levels of pollutant reductions when conventiona subdivisions
were replaced by open space subdivisions (Maurer, 1996; DE DNREC, 1997; Dreher and Price,
1994; and SCCCL, 1995). In al cases, the reduction in pollutants was due primarily to the sharp
drop in runoff caused by the lower impervious cover associated with open space subdivisons. In
the redesign studies cited above, impervious cover declined by an average of 34 percent when
open space designs were utilized.

Along with reduced imperviousness, open space designs provide ahost of other environmental
benefits lacking in most conventiona designs. These devel opments reduce potentid pressure to
encroach on resource and buffer areas because enough open space is usualy reserved to
accommodate resource protection areas. Aslessland is cleared during the construction process,
the potentia for soil eroson isaso grestly diminished. Perhaps most importantly, open space
design reserves 25 to 50 percent of the development Site in green space that would not otherwise
be protected, preserving a greater range of landscapes and hebitat "idands' that can support
consderable diverdty in mammals, songhirds, and other wildlife.

Cost Consider ations

Open gpace developments can be sgnificantly less expensive to build than conventiond
subdivisons. Mogt of the cost savings are due to savingsin road building and storm water
management conveyance cods. In fact, the use of open space design techniques at aresidentia
development in Davis, Cdlifornia, provided an estimated infrastructure construction costs savings
of $300 per home (Liptan and Brown, 1996). Other examples demongtrate infrastructure costs
savings ranging from 11 to 66 percent. Table 1 lists some of the projected construction cost
savings generated by the use of open space redesign a severd residentid Sites.

While open space devel opments are frequently less expensive to build, developersfind that these
properties often command higher prices than homes in more conventiond developments. Severd
regiond studies estimate that resdentid propertiesin open space developments garner premiums
that are 5 to 32 percent higher than conventiona subdivisions and moreover, sel or lease a an
increased rate. In Massachusetts, cluster devel opments were found to appreciate 12 percent faster
than conventiond subdivisons over a 20-year period (Lacey and Arendt, 1990). In Atlanta,
Georgia, the presence of trees and natural areas measurably increased the residential property tax
base (Anderson and Cordéll, 1982).
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Table 1. Projected construction cost savings for open space designs from redesign andyses

perdopment | Savings. Notes
Remlik Hall * 500 Incl qdes costs for engineering, road construction, and obtaining water and sewer
permits
Duck Crossing? 12% Includes roads, storm water management, and reforestation
Tharpe Knoll 3 56% Includes roads and storm water management
Chapel Run® 64% Includes roads, storm water management, and reforestation
Pleasant Hill 43% Includes roads, storm water management, and reforestation
Rapahannock 2 20% Includes roads, storm water management, and reforestation
gl;g;;g%ham 63% Includes roads and storm water management
Canton, Ohio* 66% Includes roads and storm water management

Sources: * Maurer, 1996; 2 CWP, 1998; ° DE DNREC, 1997: * NAHB, 1986

In addition to being aestheticaly pleasing, the reduced impervious cover and increased tree
canopy associated with open space development reduce the size and cost of downstream storm
water treatment facilities. The resulting cost savings can be considerable, as the cost to treat the
quality and quantity of storm water from a single impervious acre can range from $2,000 to a
staggering $50,000. The increased open space within a cluster development also provides a
greater range of locations for more cost-effective sorm water practices. Clearly, open space
developments are va uable from an economic as well as an environmenta standpoint.
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Urban Forestry

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Urban forestry is the study of trees and forests in and
around towns and cities. Since trees absorb water,
patches of forest and the trees that line streets can
help provide some of the storm water management
required in an urban setting. Urban forests aso help
break up alandscape of impervious cover, provide
smdl but essentid green spaces, and link walkways
and trals.

SUCCE@_“' urbm foresiry requires a conservation Trees can be incorporated into urban
plan for individud trees as well asforest areas larger landscapes for water quality benefits in
than 10,000 feet?. A local forest or tree ordinanceis addition to aesthetic and shade benefits
one technique for achieving congervation, and when e e Ci L G R e

specific measures to protect and manage these areas
are included, urban forests and trees can aso help reduce storm water management needsin
urban aress.

Applicability

From a stream preservation perspective, it is ided to retain as much contiguous forest as
possible. At the same time, this may not be an option in many urban aress. If forested areas are
fragmented, it isided to retain the closest fragments together.

In rapidly urbanizing areas, where clearing and grading are important, tree preservation aress
should be clearly marked. Ddlinegting lines dong a criticd root zone (CRZ) rather than a straight
lineisessentid to preserving trees and can help reduce homeowner complaints about tree root
interference into sewer or septic lines.

I mplementation

The concept of the CRZ is essentid to a proper management plan. The CRZ isthe areaaround a
tree required for the tree's surviva. Determined by the tree Sze and species, aswell as soil
conditions, for isolated specimen trees, the CRZ can be estimated as 1-1/2 feet of radid distance
for every inch of tree diameter. In larger aress of trees, the CRZ of forests can be estimated at 1
foot of radid disance for every inch of tree diameter, or aminimum of 8 feet.

An urban forestry plan should include measures to establish, conserve, and/or reestablish
preservation areas. A forest preservation ordinance is one way to set design standards outlining
how aforest should be preserved and managed. The ordinance shoud outline some basic
management techniques and should contain some essentid dements. The following isalist of
some typical eements of aforest conservation plan:
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A map and narrative description of the forest and the surrounding area that includes
topography, soils, streams, current forested and unforested aresas, tree lines, critical
habitats, and 100-year flood plain.

An assessment that establishes preservation, reforestation, and afforestation areas.

A forest conservation map that outlines forest retention arees, reforestation, afforestation,
protective devices, limits of disturbance, and stockpile areas.

A schedule of any additiond congtruction in and around the forest area.
A specific management plan, including tree and forest protection measures.
A reforestation and afforestation plan.

An ordinance can a so be developed that addresses tree preservation at the site level both during
congtruction and after congtruction is complete. Thistype of ordinance can be implemented on a
smdler scae and can be integrated with a proposed development's erasion and sediment control
and storm water pollution prevention plans, which many communities require of new
developments.

American Forests, a nonprofit organization dedicated to preserving and restoring forests in the
United States, adopted an ecosystem restoration and maintenance agendain 1999 to assst
communitiesin planning and implementing tree and forest actions to restore and maintain
hedlthy ecosystems and communities (American Forests, 2000). The agenda presents the
organization's core values and policy goas as the basis for policy statements and as information
to hep community-based partners to prepare their own policy statements. Key policy goas
include
Increasing public and private sector investment in ecosystem restoration and maintenance
activities

Promoting an ecosystem workforce through training and apprenticeship programs and
new job opportunities

Building support for innovative monitoring systems to ensure collaborative learning and
adaptive management

Encouraging a"civic science" gpproach to ecosystem research that respects local
knowledge, seeks community participation, and provides ble information for
communities.

Limitations

One of the biggest limitations to urban forestry is development pressure. Ordinances,
conservation easements, and other techniques that are designed into a management program can
help dleviate future development pressures. The size of the land may aso limit the ability to
protect individud trees. In these areas, atree ordinance may be a more practica approach.

Forests may aso harbor undesirable wildlife dements including insects and other pests. If forests
border houses, this may be a concern for resdents.
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Maintenance Consider ations

M aintenance considerations for urban forests may require fringe landscaping and trash pick-up.
By using native vegetation and keeping the area as naturd as poss ble, maintenance efforts can
be minimized.

Effectiveness

There are numerous environmental and storm water benefits to urban forestry. These include the
absorption of carbon dioxide by trees, reduction of temperature, and provision of habitat for
urban wildlife. Urban forests can dso act as naturd storm water management areas by filtering
particulate matter (pollutants, some nutrients, and sediment) and by absorption of water. Urban
forestry aso reduces noise levels, provides recreational benefits, and increases property vaues.

Urban forests and trees are known to have numerous environmental benefits, induding pollutant
removal. Trees can absorb water, pollutant gases, airborne particulates, sediment, nitrogen,
phosphorous, and pesticides.

There are numerous economic benefits to urban forests, including proven increases in property
vaues. In addition, by preserving trees and forests, clearing and grading as well as eroson and
sediment costs are saved during congtruction. Maintenance costs are dso minimized by keeping
areas as naturd as possible (Table 1).

Table 1. Annua maintenance costs of different types of green spaces (Adapted from Brown et
al., 1998)

Approximate Annual
Land Use Maintenance Costs Source
Natural Open Space:
Only minimum maintenance, trash/debris cleanup $75/acrelyear NPS, 1995
Lawns: $270 to $240/acrelyear WHEC, 1992
Regular mowing
Passive Recreation $200/acrelyear NPS, 1995
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Conservation Easements

Postcongtruction Storm Water M anagement
in New Development and Redevelopment

Description

Conservation easements are voluntary agreements that alow an individua or group to set asde
private property to limit the type or amount of development on their property. The conservation
easement can cover all or aportion of a property and can either be permanent or last for a
specified time. The easement is typicaly described in terms of the resource it is designed to
protect (e.g., agricultural, forest, historic, or open space easemernts) and explains and mandates
the restrictions on the uses of the particular property. Easements relieve property owners of the
burden of managing these areas by shifting responsbility to a private organization (land trust) or
government agency better equipped to handle maintenance and monitoring issues.

Conservation easements are thought to make a contribution to protecting water quaity, mostly in
an indirect way. Land set asde in a permanent conservation easement is land that will have a
prescribed set of uses or activities, generally restricting future devel opment.

The location of the land held in a consarvation easement may dso determineiif it will provide
water quality benefits. Property along stream corridors and shorelines can act as a vegetated
buffer that may filter out pollutants from storm water runoff. The ability of a conservation
easement to function as a stream buffer is related to the width of the easement and in what
vegetated state the easement is maintained (see Buffer Zones fact sheet).

Applicability

Consarvation easements are typically done to preserve agricultura lands and natura aress that
are facing development pressure on the suburbantrurd fringe. For rapidly urbanizing aress,
conservation easements may be away to preserve open space before land prices make the
purchase of land containing important cultural and naturd featuresimpracticd for governmenta
agencies with limited budgets. Conservation easements are not often used in ultra-urban areas,
due to both the lack of available open space for purchase and the high cost of undeveloped land.
In addition, private land trusts may limit the Sze and type of the land that they are willing to
manage as conservation easements.

I mplementation

Conservation easements are designed to assure that the land is preserved in its current state long
after the origina owners no longer control the property. By agreeing to give up or restrict the
development rights for aparcel of land, alandowner can guarantee thet their property will
remain in aprescribed state for perpetuity while receiving tax benefits. Often, State agencies and
private land trusts have specific qudifications for a property before they will enter into an
easement agreement with land owners. Table 1 contains examples of criteriathat are used by
private land trusts to determine if a property is worth managing in a conservation easemen.
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Table 1: Typicd criteriathat land trusts use to determine feasibility of entering into conservation
easement agreement

Criteria Details

Does the property provide a critical habitat or

Natural resource value important environmental aspects worth preserving?

Does the property have unique traits worth

Uniqueness of the property presarving?

Is the land large enough to have a natural resource or

Sizeof land conservation value?
Financial considerations Arefunds available to meet al financial obligations?
Perpetuity I'sthe conservation agreement a perpetual one?

Does the property align with the land trust's mission

Land trust's mission and the organization's specific criteria?

Conservation easements have been used in dl parts of the country, and many private groups,
both nationaly and locally, exist to preserve naturd lands and manage conservetion easements.
States also use conservation easements and land purchase programs to protect significant
environmenta features and tracts of open space. Maryland is one state that has been nationdly
recognized for its programs that provide funding for state and local parks and conservation aress.
The gate is one of thefirst to use red edtate transfer taxes to pay for land conservation programs.
Severd programs are funded through this transfer tax of one-half of one percent ($5 per
thousand) of the purchase price of ahome or land, or other Sate funding programs. Conservation
programsinclude:

Program Open Space. This program is respongble for acquiring 150,000 acres of open
gpace for state parks and natural resource areas and more than 25,000 acres of local park
land. Every county must creste a Land Preservation and Recreation Plan that outlines
acquisition and development goals in order to receive a portion of the 50 percent that is
granted to loca governments (MDNR, no date).

Maryland Environmental Trust. Thistrust is a sate-funded agency that helps citizen
groups form and operate loca land trusts and offers the land trusts technica assstance,
training, grants for land protection projects and administrative expenses, and participation
inthe Maryland Land Trust Alliance (MDNR, 2001a).

Rural Legacy Program. This program isa Smart Growth Initiative that redirects existing
date fundsinto afocused and dedicated land preservation program specifically designed
to limit the adverse impacts of sprawl on agriculturd lands and natura resources. The
program purchases conservation easements for large contiguous tracts of agriculturd,
forest, and naturd areas subject to development pressure, and purchases feeinterestsin
open space where public access and useis needed (MDNR, 2001b).
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Regardless of whether a conservation easement is held by a government agency or a private land
trust, certain management responsbilities must be addressed by the easement holder. The
following isalis of some of these management duties:

Ensure that the language of the easement is clear and enforcesgble.
Develop maps, descriptions and basdline documentation of the property's characteristics.
Monitor the use of the land on aregular basis.
Provide information regarding the easement to new or prospective property owners.
Egtablish areview and gpprova process for land activities stipulated in the easement.
Enforce the redtrictions of the easement through the legdl system if necessary.
Maintain property/easement-related records.

Limitations

A number of limitations exist for using conservation easements as a form water management
tool. Oneisthat thereis no hard evidence that conservation easements actudly do protect water
quality. Another isthat conservation easements are often not an option in more urbanized aress,
where the Sze, quality, and cost of land can redtrict the use of easements. Easements might aso
not be held in perpetuity, which means that land could still face development pressurein the
future. Easements dso may not provide for the filtering of pollutants from concentrated flows.
More information on the filtering potentid of stream buffers can be found in the Buffer Zones
fact sheet.

Maintenance Consider ations

The respongbility for maintenance of property in a conservation easement depends on the
individua agreement with aland trust or agency. While many organizations assume the
respongbility for managing and monitoring a property, some land trusts leave maintenance
responghilities to the landowner and act only to monitor that the terms of the easement are met.

Effectiveness

The pallutant removd efficiency of a conservation areawill depend on how much is conserved,
the techniques used to conserve it, and the specific nature of the easement. Conservation
easements are assumed to contribute water quaity benefits, but no nationa studies proving this
have been rel eased.
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Cost Considerations
Table 2 summarizes the costs of maintaining green spaces with different types of uses.

Table 2: Annua maintenance costs of different types of green space uses (Adapted from CWP,
1998)

Land Use Approximate Annual Maintenance Costs
Natural open space
Only minimum maintenance, trash/debris cleanup $75/acrelyear
Lawns
Regular mowing $270 to $240/acrelyear
Passive recreation $200/acrelyear
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Infrastructure Planning

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

This practice requires changesin the regiond growth
planning process to contain sprawl development. Sprawl
development is the expansion of low-density
development into previoudy undeveloped land. The
American Farmland Trust has estimated that the United
States islosing about 50 acres an hour to suburban and
exurban development (Longman, 1998). This sprawl
development requires local governments to extend public

srvices to new resdentia communltleswhos_ej[ax e e e
payments often do not cover the cost of providing those pedestrian paths to maximize convenience
services. For example, in Prince William County, and safety while at the same time

Virginig, officials have estimated that the costs of minimizing impervious surface area

providing services to new residential homes exceeds what SROREEE S A LN, TG

is brought in from taxes and other fees by $1,600 per home (Shear and Casey, 1996).

Infrastructure planning makes wise decisions to locate public services—water, sewer, roads,
schools, and emergency services—in the suburban fringe and direct new growth into previoudy
devel oped aress, discouraging low-densty development. Generdly, thisis done by drawing a
boundary or envelope around a community, beyond which major public infrastructure
investments are discouraged or not subsidized. Meanwhile, economic and other incentives are
provided within the boundary to encourage growth in existing neighborhoods. By encouraging
housing growth in areas that are dready provided with public services—water, sewer, roads,
schools, and emergency services—communities not only save infrastructure development costs,
but reduce the impacts of sprawl development on urban streams and water qudlity.

Sprawl development negatively impacts water quality in several ways. The mogt sgnificant
impact comes from the increase in impervious cover that is associated with sprawl growth. In
addition to rooftop impervious area from new devel opment, extension of road systems and
additions of paved surface from driveways create an overdl increase in imperviousness. This
increase in the impervious cover level of an area directly influences loca streams and weter
quality by increasing the volume of storm water runoff. These devated runoff levelsimpact
urban streamsin severd ways, including enlarging stream channels, increasing sediment and
pollutant loads, degrading stream habitat, and reducing aguetic diversity (Schueler, 1995).
Sprawl has been reported to generate 43 percent more runoff that contains three times greater
sediment |oads than traditional development (SCCCL, 1995).

Sprawl development influences water qudity in other ways. This type of development typicaly
occursin areas not served by centralized sewer or water services. For example, over 80 percent
of the land developed in the state of Maryland in the last decade has been outside the sewer and
water "envelope.” This requires new housing devel opments to use septic systems or another form
of on-site wastewater disposal to treat household sawage. These onSte trestment systems can
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represent a significant source of nutrients and bacteria that affect both surface waters and
groundwater. More information about septic systemsis contained in the fact sheets in both the
[llicit Discharge Detection and Elimination Category and the Pollution Prevention Category.

Applicability

Sprawl development occursin dl regions of the country and has recently become the subject of
many new programs to counteract its impacts. These programs seldom focus on the water qudity
implications of sprawl growth, instead concentrating on economic and trangportation iSsues.

Even s0, methods such as infrastructure planning can reduce the impact of new development.
Promoting theinfill and redevelopment of existing urban areas in combination with other better
Site design techniques (see the other fact sheets in this category) will decrease impervious cover
levels and lessen the amount of pollution discharged to urban streams.

Siting and Design Conditions

Various techniques have been used to manage urban growth while conserving resources.
Although none of these techniques specificaly concentrates on infrastructure planning, each of
the techniques recognizes that directing growth to areas that have been previoudy developed or
promoting higher dendty development in areas where services exist prevents sprawl

devel opment and helps communities to mitigate the water quaity impacts of economic growth.
Among the techniques that have been used are:

Urban Growth Boundaries. This planning tool establishes adividing line thet defines
where a growth limit isto occur and where agriculturd or rura land isto be preserved.
Often, an urban sarvices areaisincluded in this boundary that creates a zone where
public serviceswill not be extended.

Infill/Community Redevel opment. This practice encourages new development in unused
or underutilized land in existing urban areas. Communities may offer tax bresks or other
economic incentives to developers to promote the redevel opment of propertiesthat are
vacant or damaged.

The State of Maryland has been one of the states that has recently passed legidation to control
growth. This"Smart Growth" legidation dlows the State to direct its programs and funding to
support locally-designated growth areas and protect rura and natural areas. The centra
component of thislegidative package isthe "Priority Funding Aress' legidation that limits most
date infrastructure funding and economic development program monies to areas that local
governments designate for growth and that meet guidelines for intended use, avallability of plans
for sewer and water systems, and permitted residential density (MOP, no date).

The other billsin the legidative package aso support development of existing areas and
preservation of undeveloped land. A brownfields program encourages revitalization of existing
neighborhoods and indugtrid areas and establishes a brownfidd revitdization incentive program
that provides grants and low-interest loans to fund brownfield redevelopment. A new "Live Near
Y our Work" pilot program supports this effort by providing cash contributions to workers buying
homes in certain older neighborhoods. The "Rurd Legacy Program” spurs preservation of
undeveloped land by providing financid resources for the protection of farm and forest lands
from development and for the conservation of these essentiad rura resources from development.
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Limitations

| ntense development of existing areas can create anew set of challenges for storm water program
managers. Storm water management solutions are often more difficult and complex in ultra:

urban areas than in suburban areas. The lack of space for structura storm water controls and the
high cost of available land where structurd controls could be ingtaled are just two problems that
program managers will face in managing sorm water in intensdy developed aress.

Infrastructure planning is often done on aregiona scae and requires a cooperative effort
between dl the communities within agiven region in order to be successful. Phase |1 program
managers will need to develop lines of communication with other state and loca agencies and
community leaders to ensure that infrastructure plans direct growth to those areas that will have
the least impacts on watersheds and water quality.

Effectiveness

The effectiveness of infragtiructure planning & protecting water quality is currently unknown.
Although studies exigt detailing the economic benefits of infrastiructure planning, how this
trandates to storm water pollutant reductions is difficult if not impossible to caculate. However,
arelationship does exist between impervious cover levels and urban stream characterigtics, and
one can assume that tools such asinfrastructure planning that help control imperviousness have a
positive impact on water quality.

Compact development benefits program managers in numerous ways. One benefit is that
compact development can preserve prime agricultura land and sengtive areas while reducing
costly congtruction of new infrastructure (Pelley, 1997). Less new land developed trandates into
less need for new infrastructure and public services.

Cost Considerations

The economic benefits of reducing cosily construction of new infrastructure and providing new
services can be quite substantid. The following isalist of examples of the projected savings of
limiting sprawl through managed growth (APA, no date):

New Jersey's plan for managed growth will save the state $700 million in road codts,
$562 million in sawer and water costs, $178 million in school costs, and up to $380
million in operating codts per year.

Fifteen years of continued sprawl would cost Maryland $10 billion more than a more
compact pattern of growth.

A 1989 Forida study demonstrated that planned, concentrated growth would cost the
taxpayer 50 percent to 75 percent less than continued sprawl.

The Cities of Minnegpolis-St. Paul will spend $3.1 billion by the year 2020 for new water
and sewer services to accommodate sprawil.

Since 1980 the City of Fresno, Cdifornia, has added $56 million in yearly revenues but
has added $123 million in service codts.
Other studies have found that planned devel opment consumes about 45 percent less land and

costs 25 percent less for roads, 15 percent lessfor utilities, 5 percent less for housing, and 2
percent lessfor other fisca impacts (Burchell and Listokin, 1995, as cited in Pelley, 1997).
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The control of sorawl development through legidation and "Smart Growth” programsis
currently being implemented in a number of states and counties across the U.S. Asthese
programs mature and begin to influence development patternsin urban aress, local governments
should begin to see the positive impacts of condensed growth on the aquatic environment and
water quality of locd streams.
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Narrower Residential Streets

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

This better Site design practice promotes the use
of narrower streets to reduce the amount of
impervious cover cregted by new resdentia
development and, in turn, reduce the slorm water
runoff and associated pollutant loads. Currently,
many communities require wide resdentid

streets that are 32, 36, and even 40 feet wide.
These wide dtreets provide two parking lanes and
two moving lanes, but provide much more
parking than is actualy necessary. In many
resdentia settings, streets can be as narrow as 22
to 26 feet wide without sacrificing emergency

access_orrstreet paking or vehicular and A narrow street in a residential neighborhood.
pedestrian safety. Even narrower access sireetsor  Cars can be parked in driveways or along the
shared driveways can be used when only a road shoulder

handful of homes need to be served. However,

developers often have little flexibility to design narrower dreets, as most communities require
wide resdentid dreets as a standard element of their loca road and zoning standards. Revisions
to current local road standards are often needed to promote more widespread use of narrower
resdential Streets.

Applicability

Narrower streets can be used in resdentiad development settings that generate 500 or fewer
average daily trips (ADT), which is generaly about 50 single family homes, and may sometimes
also be feasible for streets that are projected to have 500 to 1,000 ADT. However, narrower
streets are not feasible for arterias, collectors, and other street typesthat carry greater traffic
volumes or are not expected to have a congtant traffic volume over time.

In most communities, existing loca road standards will need to be modified to permit the use of
narrower streets. Several communities have successfully implemented narrower streets,
including Portland, OR; Bucks County, PA; Boulder, CO; and throughout New Jersey. In
addition, there are numerous examples of communities where devel opers have successully
narrowed private streets within innovative subdivisons.

Siting and Design Conditions

Residentid street design requires a careful balancing of many competing objectives. design,
speed, traffic volume, emergency access, parking, and safety. Communities that want to change
their road standards to permit narrower streets need to involve dl the stlakeholders who influence
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Street design in the revision process. Severa excellent references on narrow street design are
provided at the end of thisfact sheet.

Limitations

A number of real and perceived barriers hinder wider acceptance of narrower streets at the local
level. Advocates for narrower streets will need to respond to the concerns of many local agencies
and the genera public. Some of the more frequent concerns about narrower streets are listed
below.

Inadequate On-Street Parking. Recent research and loca experience have demongtrated
that narrow streets can essily accommodeate resdentia parking demand. A single family
home typicaly requires 2 to 2.5 parking spaces. In most resdentia zones, this parking
demand can be easly satisfied by one parking lane on the street and driveways.

Car and Pedestrian Safety. Recent research indicates that narrow streets have lower
accident rates than wide streets. Narrow streets tend to lower the speed of vehicles and
act astraffic caming devices.

Emergency Access. When designed properly, narrower streets can easily accommodate
fire trucks, ambulances and other emergency vehicles.

Large Vehicles. Fidd tests have shown that school buses, garbage trucks, moving vans,
and other large vehicles can generdly safely negotiate narrower streets, even when cars
are parked on both sides of the street. In regions with high snowfal, streets may need to
be dightly wider to accommodate snowplows and other equipment.

Utility Corridors. It is often necessary to place utilities underneath the street rather than
intheright of way.

In addition, loca communities may lack the authority to change road standards when the review
of public roadsis retained by state agencies. In these cases, street narrowing can be
accomplished only on private streets (i.e., maintained by resdents rather than alocd or Sate

agency).

Maintenance Consider ations

Narrower streets should dightly reduce road maintenance costs for loca communities, since they
present asmaller surface areato maintain and repair.

Effectiveness

Since dreets condtitute the largest share of impervious cover in resdential devel opments (about
40 to 50 percent), a shift to narrower streets can result in a5-to 20- percent overdl reductionin
impervious areafor atypica resdentid subdivison (Schuder, 1995). As nearly dl the pollutants
deposited on street surfaces or trapped aong curbs are delivered to the storm drain system during
storm events, this reduced imperviousness trandates directly into less sorm water runoff and
pollutant loadings from the development. From the standpoint of storm water qudity, resdentia
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streets rank as a magjor source area for many storm water pollutants, including sediment, bacteria,
nutrients, hydrocarbons, and metals (Bannerman, 1994).

Cost Consider ations

Narrower streets cost less to build than wider streets. Considering that the cost of paving aroad
averages $15 per square yard, shaving even amere four feet from exigting street widths can yied
cost savings of more than $35,000 per mile of residentid street. In addition, since narrower
Sreets produce less impervious cover and runoff, additiond savings can be redized in the
reduced size and cost of downstream storm water management facilities.
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Eliminating Curbs and Gutters

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

This better Ste design practice involves
promoting the use of grass swalesasan
dternative to curbs and gutters dong residentia
streets. Curbs and gutters are designed to quickly
convey runoff from the street to the storm drain
and, ultimately, to the locd recelving water.
Consequently, curbs and gutters provide little or
no removal of storm water pollutants. Indeed,
curbs often act as a pollutant trap where
deposited pollutants are stored until they are
washed out in the next sorm. Many communities
require curb and gutters as a standard element of
their road sections, and discourage the use of
grass swaes. Revisonsto current local road and
drainage regulations are needed to promote

Dwelpers can Elimiat curbs and gutters to

disconnect impervious surfaces and promote
infiltration of storm water on vegetated areas
(such as this grass-lined channel in a

greater use of grass swalesdong residentia residential neighborhood)
direets, in the appropriate setting. The storm
water management and pollutant remova benefits of grass swales are documented in detall in the

Grassed Swales fact sheet.

Applicability

The use of engineered swalesin place of curbs and gutters should be encouraged in low- and
medium-dengty resdentid zones where soils, dope and housing dendity permit. However,
eiminating curbs and gutters is generaly not feasble for sreets with high traffic volume or
extensve on-street parking demand (i.e., commercia and industrid roads), nor isit aviable
option in arid and semi-arid climates where grass cannot grow without irrigation. Moreover, the
use of grass swales may not be permitted by current local or Sate street and drainage standards.

Siting and Design Conditions

A series of ste factors must be evaluated to determine whether agrass swaleisaviable
replacement for curbs and gutters at a particular Ste.

Contributing drainage area. Mot individua swaes cannot accept runoff from more than 5 acres
of contributing drainage area, and typicdly serve 1-2 acres each.

Sope. Swaes generdly require a minimum dope of 1 percent and a maximum dope of 5
percent.
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Soils. The effectiveness of swaesis greatest when the underlying soils are permesble
(hydrologic soil groups A and B). The swae may need more engineering if soillsareless
permeable.

Water Table. Swvales should be avoided if the seasondlly high water table is within 2 feet of the
proposed bottom of the swale.

Development Density. The use of swaesis often difficult when development density becomes
more intense than four dwelling units per acre, Imply because the number of driveway culverts
increases to the point where the swale essentially becomes a broken-pipe system. Typicdly,
grass swales are designed with a capacity to handle the peak flow rate from a 10-year sorm, and
fdl below erosve velocities for a 2-year sorm.

Limitations

A number of real and perceived limitations hinder the use of grass swales as an dternative to
curb and gutters:

Showplow operation can be more difficult without a defined road edge. However, on the
plus side, roadside swales increase snow storage at the road edge, and smaler snowplows
may be adequate.

The pavement edge along the swale can experience more cracking and structural failure,
increasing maintenance costs. The potentid for pavement falure at the road/grass

interface can be dleviated by "hardening” the interface with grass pavers or geo-

synthetics placed benegath the grass. Other options include placing alow-rising concrete

grip dong the pavement edge.

The shoulder and open channel will require more maintenance. In redlity, maintenance
requirements for grass channels are generaly comparable to those of curb and gutter
systems. The mgor requirements involve turf mowing, debris removal, and periodic

ingpections.

Some grass swales can have standing water, which make them difficult to mow, and can
cause nuisance problems such as odors, discoloration, and mosquitoes. In redlity, grass
channdls are not designed to retain water for any appreciable period of time, and the

potentid for snakes and other vermin can be minimized by frequent mowing.

Other concerns involve fears about utility ingalation and worries that the grass edge dong the
pavement will be torn up by traffic and parking. While utilities will need to be ingtalled below
the paved road surface instead of the right of way, most other concerns can frequently be
dleviated through the careful desgn and integration of the open channels dong the resdentid
dreet. (Consult the Grassed Swales fact sheet for details on design variations that can reduce
these problems)

Maintenance Consider ations

The mgor maintenance requirement for grass swaes involves mowing during the growing
season, atask usualy performed by homeowners. In addition, sediment deposits may need to be
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removed from the bottom of the swae every ten years or 0, and the swale may need to be tilled
and re-seeded periodicaly. Occasiondly, erosion of swale side dopes may need to be stabilized.
The overadl maintenance burden of grass swalesislow in relation to other ssorm water practices,
and is usudly within the competence of the individua homeowner. The only mgor maintenance
problem that might arise pertainsto "problem” swaes that have standing water and are too wet to
mow. This particular problem is often dleviated by the ingtallation of an underground storm

drain system.

Effectiveness

Under the proper design conditions, grass swales can be effective in removing pollutants from
urban storm water (Schueler, 1996). More information on the pollutant remova capability of
various grass swale designs can be found in the Grassed Swales fact shest.

Cost Considerations

Engineered swaes are a much less expensive option for ssorm water conveyance than the curb
and gutter systems they replace. Curbs and gutters and the associated underground storm sewers
frequently cost as much as $36 per linear foot, which is roughly twice the cost of agrass swae
(Schuder, 1995, and CWP, 1998). Consequently, when curbs and gutters can be eliminated, the
cost savings can be considerable.
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Green Parking

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Green parking refers to severa techniques
applied together to reduce the contribution
of parking lotsto the tota impervious cover
inalot. From a storm water perspective,
gpplication of green parking techniquesin
the right combination can dramaticaly
reduce impervious cover and, consequently,
the amount of storm water runoff. Green
parking lot techniquesinclude setting
maximums for the number of parking lots

5 e

cregted, minimizing the dimensions of .
parking lot spaces, utilizing dternative & green parking lot at the Orange Bowl in Miami,
paversin overflow parking aess, us-ng Florida (Source: Invisible Structures, no date)

bioretention areas to treat storm water,
encouraging shared parking, and providing economic incentives for structured parking.

Applicability

All of the green parking techniques can be gpplied in new devel opments and some can be applied
in redevelopment projects, depending on the extent and parameters of the project. In urban areas,
application of some techniques, like encouraging shared parking and providing economic
incentives for structured parking, can be very practical and necessary. Commercid areas can
have excessvely high parking ratios, and gpplication of green parking techniquesin various
combinations can dramatically reduce the impervious cover of aste.

I mplementation

Many parking lot designs result in far more spaces than actudly required. This problem is
exacerbated by a common practice of setting parking ratios to accommodate the highest hourly
parking during the peak season. By determining average parking demand instead, alower
maximum number of parking spaces can be set to accommodate most of the demand. Table 1
provides examples of conventiond parking requirements and compares them to average parking
demand.

40




Post Construction Storm Water Management - Non Structural BMP's — C06-001

Table 1. Conventiond minimum parking ratios (Source: ITE, 1987; Smith, 1984; Wells, 1994)

Parking Requirement Actual Average Parking
Land Use
] ] ] Demand
Parking Ratio Typical Range

ﬁ'or:gléfam'ly 2 spaces per dwelling unit 15-25 1.11 spaces per dwelling unit
Shopping center 5 spaces per 1000 ft* GFA 4.0-65 3.97 per 1000 ft* GFA
Convenience store | 3.3 spaces per 1000 ft* GFA 2.0-100

Industrial 1 space per 1000 ft? GFA 05-20 1.48 per 1000 ft? GFA
?,”fﬁﬂ;"e‘” dental | 5 7 sraces per 1000 ft2 GFA 45-100 4.1 per 1000 ft2 GFA
GFA = Grossfloor area of abuilding without storage or utility spaces.

Another green parking lot technique is to minimize the dimensions of the parking spaces. This

can be accomplished by reducing both the length and width of the parking stall. Parking gl
dimensions can be further reduced if compact spaces are provided. While the trend toward larger
sport utility vehicles (SUV) is often cited as a barrier to implementing stall minimization
technique, stdl width requirements in most loca parking codes are much larger than the widest
SUV's (CWP, 1998).

Utilizing dternative paversis aso an effective green parking technique. They can replace
conventiona asphalt or concrete in both new devel opments and redevel opment projects.
Alternative pavers can range from medium to rdaively high effectivenessin medting sorm
water quaity gods. The different types of dternative paversinclude grave, cobbles, wood
mulch, brick, grass pavers, turf blocks, natural stone, pervious concrete, and porous asphalt. In
generd, dternae pavers require proper ingalation and more maintenance than conventiond
asphalt or concrete. For more specific information on dternate pavers, refer to the Alterndive
Pavers fact sheet.

Bioretention areas can effectively treat orm water leaving a parking lot. Storm water is directed
into a shalow, landscaped area and temporarily detained. The runoff then filters down through
the bed of the facility and isinfiltrated into the subsurface or collected into an underdrain pipe
for discharge into a stream or another sorm water facility. Bioretention facilities can be
attractively integrated into landscaped areas and can be maintained by commercia landscaping
firms. For detailed design specifications of bioretention aress, refer to the Bioretention fact shet.

Shared parking in mixed-use areas and structured parking aso are green parking techniques that
can further reduce the conversion of land to impervious cover. A shared parking arrangement
could include usage of the same parking lot by an office space that experiences pesk parking
demand during the weekday with a church that experiences parking demands during the
weekends and evenings. Costs may dictate the usage of structured parking, but building upward
or downward can help minimize surface parking.
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Limitations

Some limitations to gpplying green parking techniques include gpplicability, cost, and
maintenance. For example, shared parking is only practica in mixed use aress, and structured
parking may be limited by the cost of land versus congiruction. Alternative pavers are currently
only recommended for overflow parking because of the considerable cost of maintenance.
Bioretention areas increase congtruction cogs.

The pressure to provide excessive parking spaces can come from fear of complaints aswell as
requirements of bank loans. These factors can pressure developers to construct more parking
than necessary and present possible barriers to providing the greenest parking lot possible.

Effectiveness

Applied together, green parking techniques can effectively reduce the amount of impervious
cover, help to protect loca streams, result in storm water management cost savings, and visualy
enhance asite. Proper design of bioretention areas can help meet sorm water management and
landscaping requirements while kegping maintenance codts at a minimum.

Utilizing green parking lots can dramaticaly reduce the amount of impervious cover crested.

The leve of the effectiveness depends on how much impervious cover is reduced as well asthe
combination of techniques utilized to provide the greenest parking lot. While the pollutant
removal rates of bioretention areas have not been directly measured, their capability is
considered comparable to adry swale, which removes 91 percent of total suspended solids, 67
percent of total phosphorous, 92 percent of total nitrogen, and 80-90 percent of metas (Claytor
and Schueler, 1996).

An excdlent example of the multiple benefits of rethinking parking lot design is the Fort Bragg
vehicle maintenance facility parking lot in North Carolina (NRDC, 1999). This redesign reduced
impervious cover by 40 percent, increased parking by 20 percent, and saved $1.6 million (20
percent) on congtruction costs over the origind, conventiona design. Stormwater management
features, such as detention basins located within grassed idands and an ongite drainage system
that took advantage of existing sandy soils, were incorporated into the parking lot design as well.

Cost Considerations

Setting maximums for parking spaces, minimizing stdl dimensions, and encouraging shared
parking can result in congiderable congtruction cost savings. At the same time, implementing
green parking techniques can also reduce storm water management costs.
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Alter native Turnarounds

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Alternative turnarounds are designs for end- of-
dtreet vehicle turnaround that replace cul-de-sacs
and reduce the amount of impervious cover
cregted in residentia neighborhoods. Cul-de-sacs
are local access Streets with aclosed circular end
that dlowsfor vehicle turnarounds. Many of
these cul-de-sacs can have aradius of more than
40 feet. From a storm water perspective, cul-de-
sacs create a huge bulb of impervious cover,
increasing the amount of storm water runoff. For
this reason, reducing the size of cul-de-sacs
through the use of dternative turnarounds or
eliminating them dtogether can reduce the

—= . L
e e
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Rather than having afully paved cul-de-sac

amount of impervious cover cregted a asite. bulb, site designers can incorporate pervious
. . . circles with vegetation that reduce the site's
Numerous dternatives cregte less impervious overall impervious area

cover than the traditiona 40-foot cul-de-sac.
These dternatives include reducing cul-de-sacs to a 30-foot radius and creating hammerheads,
loop roads, and perviousidandsin the cul-de-sac center.

Applicability

Alternative turnarounds can be gpplied in the design of resdentia, commercid, and mixed-use
developments. Combined with dternative pavers, green parking, curb dimination, and other
techniques, the total reduction to Site impervious cover can be dramatic, reducing the amount of
storm water runoff from the site. With proper designs, much of the remaining storm water can be
treated on Site.

I mplementation

Sufficient turnaround areais a Sgnificant factor to consider in the design of cul-de-sacs. In
particular, the types of vehicles entering into the cul-de-sac should be considered. Fire trucks,
service vehicles, and school buses are often cited as examples for increased turning radii.
However, research shows that some fire trucks are designed for smaller turning radii. In addition,
many new larger service vehicles are designed using atri-axle, and school buses usudly do not
enter individud cul-de-sacs.

Implementation of dternative turnarounds will also have to address local regulations and
marketing issues. Communities may have specific design criteriafor cul-de-sacs and other
dternative turnarounds. Also, athough cul-de-sacs are often featured as highly marketable,
actual research on market preference is not widely available.
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Limitations

Locd regulations often dictate requirements for turnaround radii, and some of the dternatives
may not be dlowed by loca codes. In addition, marketing perceptions may dso dictate designs,
particularly in resdentid areas. While changing local codesis no smdl effort, by inititing a

loca ste planning roundtable, communities can change some of these regulations through a
cluster ordinance or through a collective effort to review loca codes to promote better Ste
design.

Maintenance Consider ations

If idands are constructed as part of aturnaround, these areas will need to be maintained. Kept as
anaturd area, the costs could be minimd. Bioretention areas will dso require maintenance. The
other options create less agphdt to repave, and maintenance will remain the same and cost less.

Effectiveness

In comparisons of severa different turnaround options, hammerheads were found to create the
least amount of impervious cover, asshownin Table 1.

Table 1. Impervious cover created by each turnaround option (Schueler, 1995)

Turnaround Option Impervious Area (squar e feet)
40-foot radius 5,024
40-foot radius with idand 4,397
30-foot radius 2,826
30-foot radius with idand 2,512
Hammerhead 1,250

Costs

Since dternative turnarounds reduce the amount of impervious cover creeted, construction
savings can be an incentive (asphat costs $0.50-$1.00 per square foot in materids aone).
Bioretention is estimated at $6.40 per cubic foot, and while it costs more than providing naturaly
vegetated areas, it can help reduce overal ssorm water management cods.
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Alternative Pavers

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Alternative pavers are permegble surfaces that can replace
asphat and concrete and can be used for driveways, parking
lots, and walkways. From a storm water perspective, thisis
important because dternative pavers can replace impervious
surfaces, creating less scorm water runoff. The two broad
categories of aternative pavers are paving blocks and other
aurfaces, including gravel, cobbles, wood, mulch, brick, and
natura stone. While porous pavement is an aternative paver, as
an engineered sorm water management practice it is discussed
in detall in the Porous Pavement fact sheet.

Paving Blocks

Paving blocks are concrete or plastic grids with gaps between ' )
them. Paving blocks make the surface more rigid and gravel or g S e & e

grass planted ingde the holes alows for infiltration. Depending One type of alternative paver
on the use and soil types, agravel layer can be added ;’“ﬂﬂs “ff a C““”?‘IE '_ft'th“'“‘-
underneath to prevent settling and alow further infiltration. PAEVIE I SAREDE 08 Hidas

growing in the void spaces
(Source: Lo Gioco Landscaping,
Inc., no date)

Other Alternative Surfaces

Gravel, cobbles, wood, and mulch dso alow varying degrees of

infiltration. Brick and natural one arranged in aloose configuration alow for some infiltration
through the gaps. Gravel and cobbles can be used as driveway materid, and wood and mulch can
be used to provide walking trails.

Applicability

Alternaive pavers can replace conventional asphdt or concrete in parking lots, driveways, and
walkways. At the same time, traffic volume and type can limit application. For this reason,
dternative pavers for parking are recommended only for overflow aress. In resdentia aress,
dternative surfaces can be used for driveways and walkways, but are not idedl for areas that
require handicap accesshility.

Siting and Design Criteria

Accesshility, dimate, soil type, traffic volume, and long-term performance should be

consdered, dong with costs and storm water quality controls, when choosing paving materias.
Use of dternative paversin cold climates will require specia consderation, as snow shovels are
not practical for many of these surfaces. Sand is particularly troublesome if used with paving
blocks, as the sand that ends up between the blocks cannot effectively wash away or be removed.
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In addition, salt used to de-ice can dso infiltrate directly into the soil and cause potentia ground
water pollution.

Soil typeswill affect the infiltration rates and should be congdered when using dternative
pavers. Clayey soils (D soils) will limit the infiltration on aSte. If ground water pollutionisa
concern, use of aternative pavers with porous soils should be carefully considered.

The durability and maintenance cost of dternative pavers dso limits use to low-traffic-volume
areas. At the same time, dternative pavers can abate ssorm water management costs. Used in
combination with other better-Ste-design techniques, the cumulative effect on storm water can
be dramatic.

Limitations

Alternative pavers are not recommended for high-traffic volumes for durability reasons. Access
for whedchairsis limited with dternative pavers. In addition, snow removd is difficult since
plows cannot be used, sand can cause the system to clog, and sat can be a potentid pollutant.

M aintenance Consider ations

Alternative pavers require periodic maintenance, and costs increase when the permesble surface
must be restored.

Effectiveness

The most obvious benefit of utilizing dternative paversincludes reduction or diminaion of

other storm water management techniques. Applied in combination with other techniques such as
bioretention and green parking, pollutant remova and storm water management can be further
improved. (see Bioretention and Green Parking fact sheets for more information.)

Alternative pavers al provide better water quaity improvement than conventiond asphalt or
concrete, and the range of improvement depends on the type of paver used. Table 1 provides a
list of pavers and the range of water quaity improvement achievable by different types of
dternative pavers.

Table 1. Water quality improvement of various pavers (Sources BASMAA, 1997)

Material Water Quality Effectiveness
Conventional Asphalt/ Concrete Low
Brick (in aloose configuration) Medium
Natural Stone Medium
Gravel High
Wood Mulch High
Cobbles Medium
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Cost Considerations

The range of ingdlation and maintenance codts of various paversis provided in Table 2.
Depending on the materia used, ingtalation costs can be higher or lower for dternative pavers
than for conventional agphalt or concrete, but maintenance cogts are dmost aways higher.

Table 2. Ingtalation and maintenance costs for various pavers (Sourcet BASMAA, 1997)

Material Installation Cost Maintenance Cost
Conventional Asphalt/Concrete Medium Low
Brick (in aloose configuration) High Medium
Natural Stone High Medium
Gravel Low Medium
Wood Mulch Low Medium
Cobbles Low Medium
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BMP Inspection and M aintenance

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

To maintain the effectiveness of
postconstruction storm water control best
management practices (BMPs), regular
ingpection of control measuresis essentid.
Generdly, ingpection and maintenance of
BMPs can be categorized into two groups—
expected routine maintenance and nonroutine
(repair) maintenance. Routine maintenance
refers to checks performed on aregular basis
to keep the BMP in good working order and
aestheticdly pleasing. In addition, routine
ingpection and maintenance is an efficient o ; A et
way to prevent potenti a nuisance Stuations Regular inspection and maintenance of storm water

. hest management practices is important to ensure
(odors, mosqwtoes, Weeds’ HC.), reducethe that the practices are functioning properly and to

need for repair maintenance, and reduce the remove trash and organic debris
chance of polluting sorm water runoff by
finding and correcting problems before the next rain.

R

In addition to maintaining the effectiveness of storm water BMPs and reducing the incidence of
pests, proper inspection and maintenance is essentid to avoid the hedth and safety threets
inherent in BMP neglect (Skupien, 1995). The failure of structurad storm water BMPs can lead to
downstream flooding, causing property damage, injury, and even degth.

Applicability

Under the proposed Storm Water Phase [1 rule, owners and operators of small municipal separate
sorm sewer system (M34) facilities would be respongble for implementing BMP inspection and
maintenance programs and having pendties in place to deter infractions (USEPA, 1999). Al

sorm water BMPs should be inspected for continued effectiveness and structura integrity on a
regular basis. Generdly, dl BMPs should be checked after each storm event in addition to these
regularly scheduled ingpections. Scheduled inspections will vary among BMPs. Structurd BMPs
such as sorm drain drop inlet protection may require more frequent inspection to ensure proper
operation. During each ingpection, the ingpector should document whether the BMP is

performing correctly, any damage to the BMP since the last ingpection, and what should be done
to repair the BMP if damage has occurred.

Siting and Design Consider ations

In the case of vegetative or other infiltration BMPs, ingpection of storm water management
practices following a storm event should occur after the expected drawdown period for a given
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BMP. This alows the ingpector to see whether detention and infiltration devices are draining
correctly.

I nspection checklists should be developed for use by BMP ingpectors. Checklists might indlude
each BMP's minimum performance expectations, design criteria, structural specifications, date of
implementation, and expected life span. In addition, the maintenance requirements for each BMP
should be listed on the inspection checklist. Thiswill ad the ingoector in determining whether a
BMP's maintenance schedule is adequate or needs revison. Also, achecklist will help the
inspector determine renovation or repair needs.

Limitations

Routine maintenance materias such as shovels, lavn mowers, and fertilizer may be easily
obtained on short notice with little effort. Unfortunately, not al materids that may be needed for
emergency structurd repairs are obtained with such ease. Thought should be given to stockpiling
essentid materids in case immediate repairs must be made to safeguard againgt property loss and
to protect human hedth.

Maintenance Consider ations

It isimportant that routine maintenance and nonroutine repair of storm water BMPs be done
according to schedule or as soon as a problem is discovered. Because many BMPs are rendered
ineffective for runoff control if not ingtalled and maintained properly, it is essentid that

mai ntenance schedules are maintained and repairs are made promptly. In fact, some cases of

BMP neglect can have detrimental effects on the landscape and increase the potentid for erosion.
However, "routing’ maintenance, such as mowing grasses, should be flexible enough to
accommodate the fluctuations in need based on relative wegther conditions. For example, more
harm than good may be caused by mowing during an extremely dry period or immediately
following a storm event.

Effectiveness

The effectiveness of BMP ingpection will be afunction of the familiarity of the inpector with
each particular BMP's location, design specifications, maintenance procedures, and performance
expectations. Documentation should be kept regarding the dates of ingpection, findings, and
maintenance and repairs that result from the findings of an ingpector. Such records are helpful in
maintaining an efficient ingpection and maintenance schedule and providing evidence of ongoing
ingpection and maintenance.

Because maintenance work for sorm water BMPs is usudly not technicaly complicated
(mowing, removal of sediment, etc.), workers can be drawn from alarge labor pool. As structura
BMPsincrease in their sophidtication, however, more specidized maintenance training might be
needed to sustain BMP effectiveness.

Cost Considerations

Mowing of vegetated and grassed areas may be the costliest routine maintenance consideration
(WEF, 1998). Management practices using rlatively weak materids (such asfilter fabric and
wooden posts) may mean more frequent replacement and therefore increased costs. The use of
more sturdy materids (such as metd posts) where gpplicable may increase the life of certain
BMPs and reduce replacement cost. However, the disposal requirements of al materias should
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be investigated before BMP implementation to ensure proper handling after the BMP has
become ineffective or when it needs to be disposed of after the Site has reached fina
gabilization. Table 1 shows maintenance costs, specific activities, and schedules for severd
postcongtruction runoff BMPs.

Table 1. Maintenance codts, activities, and schedules for urban management practices (Adapted
from CWP, 1998)

Typeof
Practice

Management
Practice

Annual
Maintenance
Cost (% of
Construction
Cost)

Maintenance
Codt for a
n TypiCal"
Application

Maintenance Activity

Schedule

Detention/
Retention
Practices

Ponds/
wetlands

3%—6%

$3,000 to
$6,000

Cleaning and removal of debris after
major storm events; (>f rainfall)
Harvest vegetation when a 50%
reduction in the original open water
surface area occurs

Repair of embankment and side slopes

Repair of control structure

Annual or as
needed

Removal of accumulated sediment
from forebays or sediment storage
areas when 60% of the original volume
has been | ost

5-year cycle

Removal of accumulated sediment
from main cells of pond once 50% of
the original volume has been lost

20-year
cycle

Dry Ponds

~1%

$1,200

See above

Wetlands

~2%

$3,800

See above

Infiltration
Facilities

Infiltration
Trench

5%-20%

$2,300 to
$9,000

Cleaning and removal of debris after
major storm events; (>2" rainfall)
Mowing and maintenance of upland
vegetated areas

Sediment cleanout
Repair or replacing of stone aggregate
Maintenance of inlets and outlets

Annual or as
needed

Removal of accumulated sediment
from forebays or sediment storage
areas when 50% of the original volume
has been lost

4-year cycle

Infiltration
Basin

1%-10%

$150-$1,500

Cleaning and removal of debris after
major storm events; (>2" rainfall)

Mowing and maintenance of upland
vegetated areas

Sediment cleanout

Annual or as
needed

Removal of accumulated sediment
from forebays or sediment storage
areas when 50% of the original volume
has been | ost

3-to 5-year
cycle

52




Post Construction Storm Water Management - Non Structural BMP's — C06-001

Table 1. (continued)

Typeof
Practice

M anagement
Practice

Annual
Maintenance
Cost (% of
Construction
Cost)

Maintenance
Codt for a
n Typi Cal n
Application

Maintenance Activity

Schedule

Filtration
Practices

Sand Filters

11%-13%

$2,200

Removal of trash and debrisfrom
control openings

Repair of leaks from the sedimentation
chamber or deterioration of structural
components

Removal of thetop few inches of sand,
and cultivation of the surface, when
filter bed is clogged

Annual or
as needed

Clean out of accumulated sediment
from filter bed chamber once depth
exceeds approximately %2 inch, or
when thefilter layer will no longer
draw down within 24 hours

Clean out of accumulated sediment
from sedimentation chamber once
depth exceeds 12 inches

3-to 5-year
cycle

Dry Swales,
Grassed
Channels,
Bidfilters

5%—7%

$200 to
$2,000

Mowing and litter/debris removal

Stabilization of eroded side slopes and
bottom

Nurtient and pesticide use management

Dethatching swale bottom and removal
of thatching

Discing or aeration of swale bottom

Annual or
as needed

Scraping swale bottom and removal of
sediment to restore original cross
section and infiltration rate

Seeding or sodding to restore ground
cover (use proper erosion and sediment
control)

5-year cycle

Filter Strips

$320/acre
(maintained)

$1,000

Mowing and litter/debris removal
Nutrient and pesticide use management
Aeration of soil on thefilter strip
Repair of eroded or sparse grass areas

Annual or
as needed

Bioretention

%1%

$3,000 to
$4,000

Repair of erosion areas
Mulching of void areas

Removal and replacement of all dead
and diseased vegetation

Watering of plant material

Biannual or
as needed

Removal of mulch and application of a
new layer

Annual
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Ordinancesfor Postconstruction Runoff

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

The management of storm water runoff from stes after the congtruction phaseis vitd to
controlling the impacts of development on urban water quality. The increase in impervious
surfaces such as rooftops, roads, parking lots, and sidewaks due to land development can have a
detrimentd effect on aquatic systems. Heightened levels of impervious cover have been

associated with stream warming and loss of agquatic biodiversity in urban areas. Runoff from
impervious areas can dso contain a variety of pollutants that are detrimenta to water quality,
including sediment, nutrients, road salts, heavy metals, pathogenic bacteria, and petroleum
hydrocarbons.

An ordinance promotes the public wefare by guiding, regulaing, and controlling the design,
congtruction, use, and maintenance of any development or other activity that disturbs or breaks
thetopsoil or resultsin the movement of earth on land. The god of a storm water management
ordinance for postcongtruction runoff isto limit surface runoff volumes and reduce water runoff
pollutant loadings.

Applicability

These ordinances are applicable to dl major subdivisonsin amunicipdity. The sze of the
development to which postconstruction slorm water management runoff control gpplies varies,
but many communities opt for asize limit of 5,000 square feet or more. Applicability should be
addressed in more detall in the ordinance itsdlf. It isimportant to note that al plans must be
reviewed by locd environmenta protection officids to ensure that established weter quality
gandards will be maintained during and after development of the Site and that postconstruction
runoff levels are consstent with any loca and regiond watershed plans.

Severa resources are available to assst in developing an ordinance. EPA's (2000)
postcongtruction model ordinance web site (http: //www.epa.gov/nps/or dinance/postcons.htm)
provides amodel ordinance and examples of programs currently being implemented. In addition,
the Stormwater Managers Resource Center (http: //www.stor mwater center.net), which was
created by the Center for Watershed Protection (no date) and sponsored by the U.S.
Environmenta Protection Agency, provides information to sorm water management program
managersin Phase [l communities to assst in meeting the requirements of the Nationd Pollutant
Discharge Elimination System Phase |1 regulations.

Siting and Design Consider ations

The purpose of the postcongtruction ordinance is to establish storm water management
requirements and controls to protect and safeguard the generd hedlth, safety, and wefare of the
public resding in watersheds within ajurisdiction. The following paragraphs provide the generd
language and concepts that can be included in your ordinance.
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General Provisions

This section should identify the purpose, objectives, and gpplicability of the ordinance. The size
of the development to which postconstruction runoff controls gpply varies, but many
communities opt for asize limit of 5,000 square feet or more. This section can aso contain a
discusson of the development of a storm water design manud. This manud can include alist of
acceptable storm water trestment practices and may include the specific design criteriafor each
storm water practice. In addition, loca communities should sdlect the minimum water qudity
performance standards they will require for storm water trestment practices, and placethemin
the desgn manudl.

Definitions

It isimportant to define the terms that will be used throughout the ordinance to assist the reader
and prevent misinterpretation.

Permit Procedures and Requirements

This section should identify the permit required; the application requirements, procedures, and
fees, and the permit duration. The intent of the permit should be to ensure that no activities that
disturb the land are issued permits prior to review and approval. Communities may dect to issue
asorm water management permit separate from any other land devel opment permits required,
or, asin this ordinance, to tie the issuing of construction permits to the gpprova of afina sorm
water management plan.

Waiversto Sorm Water Management Requirements

This section should discuss the process for requesting awaiver and to whom this waiver would
be applicable. Alternatives such as fees or other provisons for those requesting awaiver should
be addressed as well.

General Performance Criteria for Sorm Water Management

The performance criteriathat must be met should be discussed in this section. The performance
criteria can include the following:

All stes must establish storm water practicesto control the peak flow rates of ssorm
water discharge associated with specified design storms and reduce the generation of
storm water.

New development may not discharge untreated storm water directly into ajurisdictiona
wetland or local waterbody without adequate trestment.

Annua groundwater recharge rates must be maintained by promoting infiltration through
the use of structurd and non+structurd methods.

For new development, structurd sewage treatment plants must be designed to remove a
certain percentage of the average annua postdevel opment tota suspended solids (TSS)
load.

56




Post Construction Storm Water Management - Non Structural BMP's — C06-001

Basic Sorm Water Management Design Criteria

Rather than place specific storm water design criteriainto an ordinance, it is often preferable to
fully detail these requirementsin a sorm water desgn manud. This gpproach dlows specific
design information to be changed over time as new information or techniques become available
without requiring the formal process needed to change ordinance language. The ordinance can
then require those submitting any development gpplication to consult the current sorm water
design manud for the exact design criteriafor the slorm water management practices appropriate
for thelr gte. Topicsin the manua can include minimum control requirements, Site design
feasbility, conveyance issues, pretrestment requirements, and maintenance agreements.

Requirements for Sorm Water Management Plan Approval

The requirements for a orm water management plan to be approved should be addressed in this
section. This can be accomplished by including a submitta checklist in the sorm water design
manud. A checkligt is particularly beneficia because changes in submittal requirements can be
made as needed without needing to revidt and later revise the origind ordinance.

Construction Inspection

This section should include information on the natice of construction commencement, as-built
plans, and landscaping and stabilization requirements.

Maintenance and Repair of Sorm Water Facilities

Maintenance agreements, failure to maintain practices, maintenance covenants, right-of-entry for
ingpection, and records of ingtalation and maintenance activities should be addressed in this
section.

Enforcement and Penalties

This section should include information regarding violations, notices of violation, stop work
orders, and civil and crimina pendties.

Limitations

Site ingpections are required for a postcongtruction storm water ordinance to be effective. In
addition, an adequate staff must be available to review permit applications and proposed plans.

Maintenance Consider ations

The operation and maintenance language in a orm water ordinance can ensure that designs
facilitate easy maintenance and that regular maintenance activities are completed. In the
"Maintenance and Repair of Storm Water Facilities' section of your ordinance, it isimportant to
include language regarding a maintenance agreement, failure to maintain practices, maintenance
covenants, right- of-entry for ingpection, and records of ingtdlation and maintenance activities.

Effectiveness

If astorm water management ordinance for existing development is properly implemented and
enforced, the community can effectively achieve the following:
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Minimize increases in gorm water runoff from any development to reduce flooding,
dltation, and streambank erosion and to maintain the integrity of stream channds.

Minimize increases in nonpoint source pollution caused by storm weter runoff from
development that would otherwise degrade local water qudity.

Minimize the total annua volume of surface water runoff that flows from any specific
gte during and following development so as not to exceed the predevel opment
hydrologic regime to the maximum extent practicable.

Reduce storm water runoff rates and volumes, soil erosion, and nonpoint source
pollution, wherever possible, through storm water management controls and ensure that
these management controls are properly maintained and pose no threet to public safety.

Cost Consider ations

Municipdities that implement and enforce postconstruction ordinances must budget for the
drafting and enforcement of the regulation.
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Zoning

Postcongtruction Storm Water Management
in New Development and Redevelopment

Description

Zoning is a dassfication scheme for land use typical large-lot subdivision
planning. Zoning can serve numerous functions and
can help mitigate storm water runoff problems by
facilitating better Ste designs. By correctly gpplying
the right zoning technique, development can be
targeted into specific aress, limiting development in
other areas and providing protection for the most
important land conservation aress.

There are numerous types of zoning techniques for
better site design, including watershed-based
zoning, overlay zoning, floating zones, incentive
zoning, performance zoning, urban growth
boundaries, large lat zoning, infill/community
redevel opment, trandfer of development rights, and
limiting infrastructure extensions. Table 1 describes
each of these zoning techniques and its utility.

Applicability

The type of zoning to apply will depend on
management gods. If water or land qudity isa
primary god of the zoning technique, then

watershed-based zoning can provide a Property boundaries differ widely between
comprehensive approach. At the sameti me, traditional large-lot zoning, which maximizes the
. . . . acreage of individual properties, and

Incentive zoning, _pen‘ormance Zoning, and trans‘er conservation zoning, which maximizes the

of development rights can be used as protection amount of shared open space {Source: Arendt,
measures for specific conservation areas. 1996)

I mplementation

Watershed- Based Zoning: Watershed-based zoning can employ amixture of land use and zoning
options to achieve desired results. A watershed-based zoning approach should include the
following nine seps

Conduct a comprehengive stream inventory.
Measure current levels of impervious cover.

Verify impervious cover/stream quality relaionships.
Project future levels of impervious cover.
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Table 1. Zoning techniques (Source: Caraco et d., 1998)

Land Use Planning
Technique

Description

Utility asa Watershed Protection Technique

Watershed-Based Zoning

Watershed and subwatershed
boundaries are the foundation for
land use planning.

Protects receiving water quality on the
subwatershed scale by relocating devel opment out
of particular subwatersheds.

Overlay Zoning

Superimposes additional
regulations or specific
development criteria within
specific mapped districts.

Requires development restrictions or allows
alternative site design techniques in specific areas.

Impervious Overlay
Zoning

Specific overlay zoning that
limitstotal impervious cover
within mapped districts.

Protects receiving water quality at both the
subwatershed and site level.

Floating Zones

Applies a special zoning district
without identifying the exact
location until land owner
specifically requests the zone.

Obtains proffers or other watershed protective
measures that accompany specific land uses within
the district.

Incentive Zoning

Applies bonuses or incentivesto
encourage creation of amenities
or environmental protection.

Encourages development within a particular
subwatershed or to obtain open space in exchange
for adensity bonus at the site level.

Performance Zoning

Specifies aperformance
requirement that accompanies a
zoning district.

Requires additional levels of performance within a
subwatershed or at the site level.

Urban Growth Boundaries

Establishes adividing line that
defines where agrowth limit isto
occur and where agricultural or
rural land isto be preserved.

Used in conjunction with natural watershed or
subwatershed boundaries to protect specific water
bodies.

Large Lot Zoning

Zones land at very low densities.

Decreasesimpervious cover at the site or
subwatershed level, but may have an adverse
impact on regional or watershed imperviousness.

Infill/Community
Redevel opment

Encourages new devel opment
and redevelopment within
existing developed areas.

Used in conjunction with watershed-based zoning
or other zoning tools to restrict development in
sensitive areas and foster development in areas
with existing infrastructure.

Transfer of Development
Rights (TDRs)

Transfers potential development
from a designated "sending area"
to adesignated "receiving area."

Used in conjunction with watershed-based zoning
to restrict development in sensitive areas and
encourage development in areas capabl e of
accommodating increased densities.

Limiting Infrastructure
Extensions

A conscious decision is madeto
limit or deny extending
infrastructure (such as public
sewer, water, or roads) to
designated areas to avoid
increased development in these
areas.

A temporary method to control growthina
targeted watershed or subwatershed. Usually
delays development until the economic or political
climate changes.
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Classify subwatersheds-based on stream management "templates’ and current impervious
cove.

Modify master plans/zoning to correspond to subwatershed impervious cover targets and
other management strategies identified in Subwatershed Management Templates.

I ncorporate management priorities from larger watershed management units such asriver
basins or larger watersheds (see discussion later in this fact sheet).

Adopt specific watershed protection Strategies for each subwatershed.
Conduct long-term monitoring over a prescribed cycle to assess watershed status.

Overlay Zoning: The advantage of overlay zonesis that specific criteria can be gpplied to
isolated areas without the threat of being considered spot zoning. Overlay digtricts are not
necessarily restricted by the limits of the underlying base zoning. An overlay zone may take up
only a part of an underlying zone or may even encompass severd underlying zones. Often the
utilizetion of an overlay zoneis optiond.

Impervious Overlay Zoning: Thistype of overlay zoning limits future impervious aress. The
environmenta impacts of future impervious cover are estimated and alimit is set on the
maximum imperviousness within a given planning area. Site development proposds are then
reviewed in the context of an imperviousness cap. Subdivison layout options must then conform
to the total impervious limit of the planning area.

Floating Zones Normally, a parcd of land will not qudify for the gpplication of the floating
zone didtrict unlessit islarge enough to dlow the buffering of its development from the
surrounding area. It isimportant to note that the existence of a floating zone digtrict does not
automatically grant rezoning to each landowner whose property complies with the prescribed
conditions. Each property owner must have his or her application for rezoning reviewed and
approved by the locd governing body to determineif it is congstent with a comprehensive
development plan.

Incentive Zoning: This planning technique relies on bonuses or incentives for developersto
encourage the creation of certain amenities or land use designs. A developer is granted the right
to build more intensively on a property or given some other bonus in exchange for an amenity or
adesgn that the community considers beneficid. Developers stand to gain an increase in profits
from the more intengve use of the property, while acommunity might use incentive zoning to
promote more compact development, encourage open space designs, or generate other desired
amenities such astralls, parks, or totlots.

Performance Zoning: Performance zoning is a flexible gpproach that has been employed in a
variety of fashionsin severd different communities across the country. Some performance
factorsinclude traffic or noise generation limits, lighting requirements, sorm water runoff
quaity and quantity criteria, protection of wildlife and vegetation, and even architecturd style
criteria

Urban Growth Boundaries: Urban growth boundaries are sometimes caled devel opment service
digtricts and include areas where public services are aready provided (e.g., sewer, water, roads,
poalice, fire, and schoals). The ddineation of the boundary is very important. Severa important
issues to consder in establishing an urban growth boundary include the following:
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Public facilities and services must be nearby and/or can be provided at reasonable cost
and in aspedfic timeframe.

A sufficient amount of land to meet projected growth over the planning period must be
provided.

A mix of land uses must be provided.

The potential impact of growth within the boundary on existing natural resources should
be analyzed.

The criteriafor defining the boundary needs to be fair and should consider natura
features (versus man-made features) wherever possible. The use of watershed boundaries
as the urban growth boundary is one such natura festure.

Large Lot Zoning: Although large lot zoning does tend to reduce the impervious cover and
therefore the amount of storm water runoff at a particular location, it aso spreads devel opment
over vast areas. The road networks required to connect these large lots can actually increase the
total amount of imperviousness created for each dwelling unit (Schueler, 1995). In addition,
large lot zoning contributes to regiond sprawl. Sprawl-like development increases the expense of
providing community services such asfire protection, water and sewer systems, and school

trangportation.

Infill/Community Redevelopment: Infill and redevel opment can be employed in ether large or
amal projects. Some of the existing impediments to more widespread implementation of these
types of projects include the existing condition of a potentia redevel opment site in terms of
environmenta congdraints, the restrictive nature of many land use regulations, and pressng socid
and economic issues. Loca governments may need to modify loca zoning or building codes to
make infill and redevelopment a more inviting attraction to developers. In addition, citizen
involvement has been demondirated to be avitdl catdys for leveraging funding or revising
codes. Furthermore, lending indtitutions must be progressivein their view of funding infill and
redevelopment projects. One possibility isto partner with loca governments or community
organizations.

Trander of Development Rights (TDRS): The principle of TDRs s based on the premise that
ownership of land entails certain property rights. While some of these rights may be restricted by
zoning, building codes, and environmenta congraints, landowners are "entitled” to use their land
for the "highest and best use.” TDRs are based on a market-driven incentive program whereiit is
possible to sl development potentia (zoned dengty) without buying or seling land.
Landownersin preservation areas are compensated for lost development potentid , while
conventiona down-zoning deprives landowners of this potentia vaue.

Limitations

Some zoning techniques may be limited by economic and political acceptance and should be
evaduated on these criteria as well as storm water management gods.

M aintenance Consider ations

Some maintenance issues to consider for the long term are thefallowing:

What are the most economicaly and politicaly acceptable zoning technique(s) that can
be used to shift or reduce impervious cover among the subwatersheds?
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How accurate are the estimates of the amount and location of future impervious cover in
the watershed? Are better projections needed?

Will future increases in impervious cover creste unacceptable changes to awatershed
and/or subwatershed?

Which subwatersheds appear capable of absorbing future growth in impervious cover?

Effectiveness

There are numerous case studies of performance-based zoning used in different communities.
Some of these examples are summarized in Table 2.

Table 2. Case examples of performance-based zoning (Source: Porter et a., 1991)

L ocation Performance Zoning Provisions Notes
Planned Unit Development (PUD) options are Applications are discussed at a conceptual stage
Fort Collins applied to al parcelsin city. Developers may where suggestions are made to improve scores.
Colorado ' choose conventional zoning or the optional PUD. [Thelocal planning board has quite a bit of

PUD proposals must meet a point value for an
absol ute criterion and arelative criterion.

latitude to use discretion to require special
conditions.

Largo, Florida

The Land Use Plan defines uses and densities.
Four overlay "policy"districts (environmental
conservation, management, redevelopment, and
downtown) define general standards and
prohibited uses. Each land use within a policy
district fallsinto a one of three classes
(alowable, allowable with special mitigating
measures, or prohibited).

A variety of uses are permitted within the 4
policy districts when applying the special
mitigating measures. The city also hasafive-
tiered system of review and approval that
facilitates fast reviews for many common
applications and a more involved process for
projects that require mitigation.

Hardin County,

The land development ordinance allows
agricultural and single family uses by right. All
other uses must be evaluated by athree-step
process. At the first step, the agricultural and
development potential is evaluated using a point

The program places a special emphasis on
preserving agricultural uses. The process
involves a unique feature that calls on citizen
consensus for each step. This decision making
process might be considered highly

Kentuck . i ini . . . - .
e e steomanin NS s aionay, bu i avicepreadners by
compatibility assessment. The final step involves most Hardin County citizensin seeing
. . L development proceed, there have been few
typi qal review of subdivision standards and complaints
requirements. '
The township's ordinance provides five zoning
districts: two traditional districtsfor rural, low- The ordinance is a compromise between
Bath Charter  |density residential; and three applied to existing |complex, inflexible zoning and no zoning at all.
Township, settlements/expected development corridor. The process allows for extensive review and
Michigan These three districts allow arange of useseither |individual decisionsfor individual controversial

"by right" or with special permitsfor certain
uses.

cases.
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Table 2. (continued)

L ocation Performance Zoning Provisions Notes
Development of cluster and performance
The ordinance contains typical zoning districts  [standards are "by rights," and as such, do not
Buckingham  (but provides cluster and performance standard  |require public hearings. The sensitivity of natural
Township, development provisions. It aimsto preserve areas makes the zoning more flexible in
Pennsylvania |natural resources by clustering housing onthe  |unrestricted areas but less flexible than most
least environmentally sensitive areas. conventional zoning in placing restrictions for
protecting natural areas.
Two new categories of development (planned Termeq 'l mpact zoning," the ordi nance aimed to
developments and cluster) were created in create mcennve_sfor developers to pqu more
Duxbury, e L - . diverse and environmentally sensitive housing.
M assachusetts addition to existing traditional zoning. Both types Developers are choosing standard subdivisions
are allowed in different portions of the town over thg optional techniguesto avoid lengthy and
under a special permit process. complex reviews.

Cost Consider ations

Subwatershed planning for better Ste design zoning involves many costs. Mapping,
photography, ddinestions, and involving the public are some of the itemstypicdly in such a

budget (Table 3).
Table 3. Unit prices for subwatershed planning (Adapted from CWP, 1998)
Egtimated .
Budget Item Unit Cost Assumptions
Aeria $500 per . .
Photography photo Includes aerial flyover and devel oping of one color photograph.
For Subwatershed Management Map using USGS 7.5 minute Quad. Sheet.
Base Mapping $500 Includes, subwatershed delineation, overlaying land use, monitoring stations,
and transportation routes.
For Aquatic Corridor Management Map, using aerial topography at 2' contour
: interval. Includes, aerial topography at 1" = 200", |ocating existing utilities,
Base Mapping 000 floodplain, wetlands, and riparian cover from existing maps (no field walk and
no topo. survey control).
Floodolain Detailed analysis beyond FEMA, cross-sections plotted at 1000 ft on-center,
Deli gat $5,000 topo spot-checked, road crossings evaluated, includes report, assumes flow data
theation areavailable.
Geographic
Information $15.000 High end work station and software (e.g., ARC/INFO), includes approx. 2
System (GIS)— ' weeks of training for operator. Does not include data layers
start-up
SI S._.Obta' nor Datalayersinclude impervious cover, topography (5' C.1.), zoning, utilities,
igitize Data - g .
vegetative cover (broad categories)
Layers
I mpervious Cover Uses digital orthophotography, impervious layer clipped at subwatershed
M easurement— $3,000 _ . )
Actual boundary, algorithm to calculate impervious area
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Table 3. (continued)

Budget Item

Egimated
Unit Cost

Assumptions

Impervious Cover

Uses land use designations or zoning and measured areas compared against

Eitlematlon—Land tables, requires review of aerial photo (not included) to estimate build-out.
Impervious Cover

Projection—Based $800 Uses zoning or master plan and measured areas compared against tables,

on Future Land requires assessment of future build-out

Use

Public Attitude $15,000 per (1000 homes contacted by tel ephone, includes survey questionnaire preparation
Survey survey  |and dataanalysis.

Stakehol der Plan and hold four public and four community meetings, direct mail to 20,000
Involvement $15,000 . . .

Program people, staff time and direct expenses included.
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