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Preface

The North Carolina Division of Water Quality has pre-
pared this guidance document to promote and encourage the use
of preventive, source reduction and control practices throughout
the site planning process in the design of stormwater runoff
management sytems. By doing so, individuals and local govern-
ments who are involved in the development of land in North
Carolinawill support statewide efforts to maintain and improve
surfacewater quality by reducing non-point source pollutantsand
sediments in the stormwater runoff from urbanizing areas.

The intent of this document is to provide non-technical
methods of considering the sources and effects of stormwater
runoff as early in the site planning process as possible and to
consider stormwater as a part of the site plan through all steps of
the development process. When allowances for stormwater are
made early in the site planning process, they can be integrated
more thoroughly and thoughtfully into the design.
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Section One

| ntroduction

Ste Planning

Sormwater Runoff

Ste planning is the intentional thought given to the loca
tion and siting of human uses onto the land before they are built.
The process of site planning has been practiced since the earliest
times when man studied the landscape for the best location for an
agricultural field or primitive hut. The decision was based upon
information gathered through observation and through the expe-
rience gained from previous successes or failures. We continue
today to face the challenge of siting our uses of land in the most
beneficial manner which does not destroy the balance of natural
resources or conflict with existing land uses.

Among the most important of natural resources which we
must protect isour surfacewater. Surfacewater occursintheform
of rivers, streams, lakes, ponds, bays, sounds, and wetlands. The
use of our surface waters can be impaired by pollutants and
sediments carried to them by stormwater runoff.

Sormwater runoff is a naturally occurring part of the
continuous cycle of water. When rainfall occurs on undeveloped
land, the natural vegetation covering thesoil surfaceinterceptsthe
individual dropsand allowstherain water to be gently returned to
surface water and groundwater.

A simplified portion of the cycle of water.
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Natural vegetation slows runoff
and allows infiltration.

SLOWS AND FILTERS RUNOFF

The components of natural vegetation play an important
role in stormwater runoff management. Tree canopies break the
fall of raindrops, diminishing their impact on the surface below.
Dense understory growth and groundcoversimpede rapid collec-
tion and runoff. Naturally uneven surfaces help to reduce the
velocity of stormwater runoff and minimize erosion. Minor
depressions allow the waters to be collected and released slowly
back into the cycle by infiltration and evaporation.

Asthe water flows over the land, it dissolves and carries
with it minerals from soil and rock and nutrients from organic
materials. These materialsare re-absorbed by the porous soil and
vegetation. By thetimetherunoff reaches open water under these
natural conditions, itistypically clear and andrelatively free of an
abundance of suspended particles or dissolved substances.

When the natural vegetation and topography of the land
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Development of land increases runoff and

prevents infiltration.
are changed by development, the contours are smoothed and the
landscape is comprised of hardened surfaces (rooftops, parking
areas, etc.) and landscape plantings. These changes offer less
resistance to the flow of stormwater runoff than the natural
topography and vegetation. Theresulting runoff travel sat ahigher
velocity with increased erosive potential and has the ability to
carry suspended and dissolved materials over much greater
distances. The collected materials are ultimately deposited into
surfacewatersaspollution. Inaddition, thisrapid runoff prevents
rainfall from infiltrating into the ground. This infiltration is
necessary to recharge the groundwater table and reduce stream
base flows.

< POLLUTANT CONCENTRATION
+BOTTOM SEDIMENTATION
«STREAMBANK EROSION
/ *REDUCED BASE FLOW
*FLOODING

Uncontrolled runoff can
degrade the quality of
surface waters.
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Devel opment causes

changes to stream flow.

Changesto Flow

Water shed

Atypical river basin
water shed

STORMWATER FLOW RATE

POST-DEVELOPMENT
(—

n TIME OF CONCENTRATION
DECREASES

mDECREASED BASE FLOW IN
STREAMS

mFLOW VELOCITY INCREASES
mPEAK VOLUME INCREASES

INCREASED
PEAK FLOW

< PRE-DEVELOFPMENT

2 —_—— -

Thetimethat ittakesfor runoff to collect at pointsof outfall
isknown astime of concentration. When the land is smoothed by
development this time of concentration is greatly reduced. Vol-
umes of runoff entering surface waters at one time are increased
since lessis allowed to percolate through porous surfaces. These
increases in volume, over time, can result in an accumulation of
pollutants or sediments that can seriously degrade the water
quality of recelving surfacewaters. Whenthisoccurs, their useful -
ness and value for recreation, drinking water, fish production,
aesthetics, habitat quality, and awide variety of other useswhich
society dependsupon for health and livelihood isgreatly reduced.

Anunderstanding of stormwater management beginswith
the concept of a watershed, drainage basin, or drainage area.
Thesetermsaresimilar in definition and are often used to describe
the same thing. A watershed is comprised of the total land area
contributing runoff toagiven outfall location. A largeareaof land
such as North America has numerous large watersheds (river
basins) which eventually flow into the oceanin theform of rivers.
All of the rainfall (or other precipitation) which becomes runoff
within the river basin flows downhill until it reaches sealevel.

WATERSHED BOUNDARY
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North Carolina's 17 River Basins
1 Hiwassee River

2 Little Tennessee River
3 Savannah River

4 French Broad River

5 Broad River

6 Watauga River

7 Catawba River

8 New River

9 Y adkin-Pee Dee Rivers
10 Roanoke River

11 Lumber River

12 Cape Fear River

13 Neuse River

14 Tar-Pamlico Rivers

15 Chowan River

16 Pasquotank River

17 White Oak River

The State of North Carolina has 17 major river basins
which collect all of the stormwater runoff generated by the land
areaof theState. Theriver basinsformthebasisfor monitoringand
managing the state's water quality. Each major river basin can be
dividedintoincreasingly smaller sub-basins( or drainageareas) as
the topography is followed upstream. Thereis amost no limit to
theminimum size of adrainagebasin, evenarelatively small site,
such as a single family lot, may contain more than one drainage
basin.
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All land useswithin awatershed will contribute runoff to
the same outfall point. Controlling the amount of pollutant and
sediment which accumul atesat theoutfall of thewatershedismost
effectively accomplished by preventing these pollutants from
entering the runoff in upstream areas. Regulatory controlswhich
arein place at the Federal, State, and local level take into consid-
eration therelationship of the sourcesof stormwater runoff within
upstream areas of awatershed aswell asareaswhich arelikely to
beimpacted by thisrunoff. Thecontrol of surfacewater quality by
managing the source of runoff within awatershed is known as a
water shed-based approach.

North Carolina Water Quality The State of North Carolina has taken a watershed based
Protection Srategies approach to monitoring and managing its water quality by
preparing Basinwide Management Plansfor each of the 17 major

20 Coastal Counties river basinswithinthestate. Theoverall quality of surfacewaters
High Quality Waters within each of themajor river basinsisprotected through avariety
Outstanding Resource Waters of strategies including surface water classifications, regulations
Water Supply Water sheds for point source discharges (NPDES program) and through Best
Nutrient Sensitive Waters and Management Practices for non-point sources such as forestry,
NPDES Programs agriculture and developing areas. In North Carolina, anumber of
(including MS-4's) requirementsare currently in placefor urban stormwater manage-

ment. These requirements result in stormwater management
measuresfor new devel opment activitiesin certain sensitive areas
including Water Supply Watersheds, Nutrient Sensitive Waters,
Outstanding Resource Waters, High Quality Waters, and Coastal
Waters. ThesedesignationsaredefinedinNorth CarolinaAdmin-
istrative Code, Section 15A NCAC 2B .0100, Procedures for
Assignment of Water Quality Standards.

In addition to State and Federal programs, municipalities
may have land use regulations such as zoning ordinances and
stormwater runoff management regulations. Statewide, most land
disturbing activities are required to implement sediment and
erosion control measures during construction in order to prevent
sedimentation of our surfacewaters. The state sedimentation and
erosion control program is administered by the Land Quality
Section of NCDENR.

The approach which the state has taken can be considered
assite planning over avery wide area. For anindividual parcel, a
watershed-based approach will follow the lead established by the
State of North Carolinain its Basinwide Management plans. The
methods established by the Basinwide Plansareapplied to smaller
and smaller drainage areas within each river basin until the level
of site planning for use of an individual parcel is reached. The
watershed based approach to site planning for stormwater runoff
management can be applied to the smallest discernible basin
withinagiven project and extended to al portionsof thesite. This
occurs best when regulations and economics work together to
support the effort.

The following map reflects the water quality protection
strategies for North Carolina.
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Through good design and
implementation the quality of
runoff from a developed land
can be comparable to that of
undevel oped land.

There are many types of land use and development which
contribute sediments, nutrients and other pollutants to surface
waters through non-point source runoff. Theindividual effect of
each lot, or parcel, or land use may seem minor, however, their
combined influence can be significant. Additionally, many exist-
ing land uses can improve the quality of the runoff they generate
through meanssuch asmodification of operation and maintenance
methods, minor changes to site design, public education and
awareness, and retrofitting aging stormwater runoff controlswith
newer methods which result in higher quality discharges.

The management of stormwater runoff inamanner which
maintains an acceptable level of surface water quality requires
participationat all level sandinvolvesbothregulatory controlsand
efforts put forth by individual property owners and developers.
Regulatory methods of management rely on enforcement of per-
mits and standards for controlling the quality and quantity of
runoff generated within the area of jurisdiction. Regulatory
controlsimplemented at Federal, State, and local levelstypically
provide a means of controlling specific sources of pollution.
Individual property owners, at aminimum are required to comply
with regulations pertaining to their particular land use. They also
have the opportunity to provide ahigher level of participationin
controlling the quality of runoff before it leaves their property.
Ideally, therunoff generated by adevel oped property would be of
aquality comparabletothat of undevel opedland. Thiscanbedone
in acost effective manner through good design and implementa-
tion, and subsequently through appropriate operation and mainte-
nance.

Stormwater runoff from urban and developing areas is
becoming anincreasingly important areaof concern. Regulations
for control of these pollution sources has expanded over the last
few yearsand it isexpected that these will continueto expand due
to the increasing growth in North Carolina. As a result, this
manual attempts to promote meeting these requirements through
sound site planning procedures that utilize prevention, source
reduction and, where necessary, well planned control measures.
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Section Two

A Water shed-Based Approach
to Ste Planning

Water shed-based A watershed-based approach to stormwater management

Approach

isthe most effective means of managing runoff quality for every
site, regardlessof size. Siteplanningfor anindividual parcel using
an integrated system approach involves the creation of a site
specific management plan with a combination of preventive
measures, source reduction practices, and control measures to
comply with the requirements of the law.

Preventive measures reduce the impacts of stormwater
runoff on surface waters through changes in design, operation or

Integrated Systems management. These changesare madein amanner which reduces

or eliminates the pollutants being generated or made available to
enter the surface drainage system. Preventive measures do not
usually involve the construction of special devices. If imple-
mented properly they should require little additional expense to
the normal costs of design, construction or management and can
in many instances reduce costs over the life of a project.

Source reduction practices reduce the pollutants gener-
ated at agiven source. Minimizing land coverage and impervious
surface, for example, will encourageinfiltration of runoff, reduce
its quantity and improve its quality.

Thefina method of ensuring runoff quality isthrough the
useof control measures. Control measuresaredevicesor facilities
that are constructed or installed to capture stormwater and reduce
or remove pollutants before they are alowed to enter surface
waters.
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All componentsof astormwater management system must
bedesignedtowork together. A well designedintegrated stormwater
management system will prevent pollution from being generated
at its source. This is accomplished by minimizing exposure of
pollutants to stormwater and removing pollutants from runoff as
closeto the source of exposure as possible. Thiswill prevent the
pollutants from being transported into surface waters. A well
designed system should also be easy to maintain. This is best
accomplished by following a sound site planning and design
process which considers stormwater runoff from the very begin-
ning and incorporates the integrated system of components
throughout the entire site. Each site hasaunique set of character-
isticsand requirements; therefore, each site should have a specifi-
cally designed stormwater systemto optimizeavailableresources
and to meet stormwater quality objectives.

Every site hasan existing
natural drainage system EXISTING VEGETATION

SECONDARY STREAMS

\_ .
DRAINAGE BASIN ~— .
BOUNDARY J -~

This natural drainage system can be incorporated
into a stormwater management systemif it is not
destroyed.

OUTFALL

{
I bt : , AVOID IMPACTS TO
\\ R e b 5 TR AT . ' THIS AREA

MINIMIZE IMPACTS TO  \ /™~ e o T
THESE AREAS :
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Traditional Approach A traditional approach to stormwater management has

been to drain runoff into a series of inlets, catch basins, pipes,
culverts or drainage channels as quickly as possible in order to
prevent temporary ponding of runoff on adeveloped site.  Struc-
tures are designed and sized to carry acertain quantity; however,
they do not attempt to minimizethe quantity of stormwater runoff

Traditonally, the focus has beforeit is generated. When the design of these structures does
been on water quantity, not little to reduce the peak rate of discharge or to prevent pollution
water quality. Now, water from entering stormwater, areas located downstream of the

quality is becoming moreand  geyelopment are subjected to increased storm flows and impacts
more of anissue, that must be  to gurface water quality because the frequency and severity of

addressed.

downstream flooding increasesandthequality of receivingwaters
decreases. Downstream channels often require expensive modi-
ficationstotransport theincreased flowsandto control streambank
erosion.

Animprovement to thetraditional methodsused in many
areas was the attempt to return runoff generated by a devel oped
watershed to pre-development hydrologic conditions. The quan-
tity of runoff from a site would not exceed the quantity which
occurred before development. This processrelied heavily on the
use of large control measures employed after the runoff had
already been generated. Detention and retention structures were
thefirst to be employed to reduce runoff quantity. Morerecently,
infiltration deviceshave been used to keep somerunoff onthesite.
While primarily intended for control of quantity, the use of these
control measures can have the additional benefit of improving
runoff quality. For example, a wet pond used for control of
flooding can aso be effective at pollutant removal. Locally, the
development regulations of many municipalities in North Caro-
lina focus primarily on the control of runoff quantity; benefitsto
runoff quality have been secondary toissuessuch asflood control.

—_——=—== .
. \
g CATCH X\
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Atraditional piped stormwater systemre-
places the natural drainage systems found on a
site but does not provide equivalent water

guality control.
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A more comprehensive approach to site planning for
stormwater management incorporates the use of natural drainage
systems and an integrated system of preventive and control prac-
tices as an alternative to the use of traditional piped systems. A
stormwater system designed in this manner should function as
though it were a part of the natural surface drainage system.

In order to employ this type of approach during the site
planning process, the entire site and its intended development
must be carefully considered throughout the process. This in-
volvesathorough understanding of the physical characteristicsof
the siteand the preparation of asite plan which respondsto them.
Certain ways of developing land can minimize the impact on the
environment. For example, fitting the development to the siteto
minimize land disturbances will greatly reduce erosion and sedi-
ment in nearby water bodies during construction and throughout
the life of the project.

A siteshould bedividedinto sub-drainageareasin order to
efficiently and cost effectively control and treat stormwater runoff
as close to its source as possible. Use of a hierarchy of basins to
capture and control runoff in small increments before leaving the
site and employment of avariety of Best Management Practices
to capture sediments, toxins, grease/oilsand nutrientswill allow
pollutant sources to be targeted and controlled in smaller quanti-
ties.

USE PREVENTIVE & SOURCE
REDUCTION PRACTICES

PROVIDE SMALLER
INTEGRATED CONTROLS

IDENTIFY & UTILIZE
SUB-BASINS AS BASIS
FOR STORMWATER DESIGN

A water shed-based site plan employs the use of natural drain-
age systems, smaller sub-basins, and an integrated system of
prevention, source reduction, and best management practices.
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Themost effective methodsof stormwater runoff manage-
ment incorporate asimulation of the functionswhich occur under
natural conditions. Methods of this type serve to slow runoff
velocity which reduces erosive potential, allows particulate and
suspended materials to settle out, and allows porous areas to
absorb surface runoff into the groundwater. As stormwater is
detained and filtered through vegetated areas or other types of
filters, undesirable substances dissolved in the water, such as
nutrients or toxins, can be assimilated before reaching surface
waters.

An effective stormwater management system should con-
sider the present and future setting and conditions found on a
particular site. Ideally, if every sitewere bounded by the limits of
a defined drainage area, the only consideration would be for
stormwater generated on-site. This setting is typically not the
case. Physical factorswhich should be considered for stormwater
runoff planningincludenot only thosewithintheproperty line, but
also those located upstream, downstream, above and below the
site.

Runoff contributed to thedevel opment sitefrom upstream
areasinfluenceboth quantity and quality considerations. Incertain
instances, this runoff can add value to a site by providing an
opportunity to create an amenity. In other instances, the runoff
generated by upstream areas may pose aproblem if runoff quality
isvery low or if quantitiesare very high. Additionally, upstream
areas should be carefully reviewed during the design process to
anticipatefuture problemswhich might occur asgrowth continues
such asincreases in storm flows.

Areas |ocated downstream of asite are at risk of flooding
if there isinadequate downstream flow. Excessive runoff gener-
ated on-site, low times of concentration, or the addition of new
runoff to an existing system can cause this situation. Portions of a
site which are flood prone prior to development, are likely to be
subject to flooding after development.

The physiogeographic context of a site will have a great
deal of influence on the overall design of a stormwater manage-
ment system. Certain parts of the state have soil types and
groundwater depthswhichwill allow largeamountsof stormwater
to be infiltrated, thereby reducing the amount of runoff being
generated. Many other areas will have shallow groundwater or
soilswhich have a high clay content, confining layer, or shallow
bedrock which will limit the amount of stormwater which can be
held on-site. Topography also plays an important role in the
selection of an effective management system since slope charac-
teristics have a tremendous influence over surface flow. Areas
with steeper slopesrequiremethodswhich closely control vel ocity
and have the capacity to manage shorter times of concentration
and higher peak stormflow volumesthan areaswith flatter slopes.
A steeper site should be divided into agreater number of smaller
basinsthan aflatter site of the same sizefor most effective control
of runoff velocities and quantities, and ultimately runoff quality.

North Carolina Sormwater Ste Planning Guidance Manual
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Section Three

Ste Planning Goals
for Slormwater Management

Ste Planning Goals

Sormwater Goals

Preventive Measures

Themost basic purposeof siteplanningisto prepareaplan
for the development of a parcel of land which accomplishes the
goalsof theintended land use. These goalswill typically include:

 compliance with development laws and regulations
* cost effectiveness and profit

 compatibility with existing land uses

* aesthetics and image

* long term sustainability of the development.

When stormwater runoff management isconsidered asa
part of the site planning process, the goals of the plan should be
expanded to:

* prevent pollutants from being generated

« reduce the effects of pollutants at their source

* maximize the effectiveness of control measures

« improve the quality of runoff entering surface waters.

The use of an integrated system of pollution prevention,
source reduction practices, and control measures will allow the
devel opment to accomplish the stormwater management goals. In
doing so, the stormwater system must al so accomplish thegoal sof
the development.

Preventive measures arethe best assurance that pollutants
will not be made available to runoff and will not be able to be
carried to surface waters. Site planning for stormwater runoff
management offers the first opportunity for preventive measures
to betaken. During the site planning process, potential sources of
pollutants can be identified and the land uses which are the cause
of the pollutants can be sited in a manner which minimizes the
exposure of the pollutants to rainfall and runoff.  Stormwater
runoff isanon-point source of pollution which arisesfrom awide

North Carolina Sormwater Ste Planning Guidance Manual
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variety of land uses within a watershed. Most urban runoff
pollution problems come from human activities. Sources of con-
tamination that contribute to urban runoff problemsinclude:

« pollutants and dust deposited from the air,
Sources of Pollutant * litter on streets and parking lots,
» decaying yard refuse, leaves and grass clippings,
« improperly handled garbage
* seepage from garbage cans, dumpsters, and refuse piles,
* stagnant water in depressions or catch basins,
* outdoor car and truck washing areas,
« fuel and chemical spillage storage and handling,
« fertilizers and pesticides,
« vehicledrippings- gasoline, oil, brakefluid, anti-freeze,
* service station areas and driveway's,
» commercia and industrial areas,
« construction piles of dirt and debris,
« illicit dumping of contaminants into storm sewers,
* seepage from septic tanks and privies,
« inactive garbage dumpsand poorly constructed landfills,
* poorly paved or unpaved streets,
* 0il used for dust control on unpaved surfaces,
» animal droppings,
* snow and ice control chemicals used on roads.

The land uses which are a potential sources of pollution
should be identified during the site planning process and sited in
a manner which prevents the pollutant from being generated,
limitsthe contact of pollutantswithrunoff or rainfall, or allowsthe
runoff fromtheseareasto be captured andtreated beforeit reaches
surface waters.

AIRBORN PARTICLES

EROSION FROM . g\“n
DISTURBED LAND MW }L\IDUSI‘;FKIAL &
- " MANUFACTURIN
" i = DUMP SITES
AUTO SERVICE 8 o ‘rﬂﬁ?‘,ﬁ“ li!\ <. O _ AREAS
. / o % Y o e

AND TRASH PILES AGRICULTURAL
FUELING AREAS GRICULTUR?

UNCONTROLLED
SEDIMENT FROM
CONSTRUCTION

FAILED SEFTIC
SYSTEMS
LAWN CHEMICALS
AND IRRIGATION
YARD DEBRIS &
PET WASTES
OUTDOOR STORAGE
AREAS
ANIMAL WASTES

Pollution can come from many o
Sources.
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Urban Prevention Measures

* Reduce impervious surface

* Increase open space

» Maintain buffers

* Utilize existing drainage
patterns

Source Reduction Practices

Many non-point sources of pollution in urban runoff are
associated with impervious surfaces. Limiting the density of
development and reducing the impervious area allows a greater
portion of asiteto remainin anatura state. Since less of the site
Isdevel oped, therewill befewer sourcesof pollutant to contribute
to the flow. An increased amount of open space will allow for a
greater amount of runoff to be infiltrated. One means of limiting
development density is by clustering land uses within a devel op-
ment. Clustering concentrates land uses into a smaller portion of
the site and |eaves open space between clusters.

Theincorporation of existing drainagepatternsand natural
vegetation into a site plan will prevent pollution by allowing the
natural features of the land to help control runoff and filter
pollutants. Buffer strips of vegetation which are left along
waterways will help to prevent pollution by capturing pollutants
and sedimentsin runoff before they enter the open water.

Sincepreventivemeasuresarenot constructed devicesand
most require only a change in the manner in which activities are
conducted, they are among the most effective and affordable of
methods of improving the quality of runoff.

Source reduction practices minimizethe pollutant load in
runoff. These measures employ modifications of the design of a
site which will reduce the amount of pollutants carried by runoff
and prevent it from accumulating. This is accomplished in two
ways, by reducing the amount of pollution at its source and by
reducing the amount of runoff or itsability to carry the pollutants.

There will always be some amount of pollutant present in
stormwater runoff. The goal of source reduction is to keep the
amount of pollutant to aminimum so that fewer expensive control
measures arerequired to removeit beforeit enters surface waters.
Many of the preventive measures already mentioned could be
considered as source reduction practices when they are incorpo-
rated into the site plan.

Components of a site plan which reduce the contact of
runoff with pollutants include the diversion of stormwater away
from a concentrated source of contaminants. Measures such as
openings in curbs allow stormwater to be dispersed into open
areas. If curb openings are provided at frequent intervals, the
quantity of runoff which will accumulate at any one point will be
reduced.
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Control Measures

Conveyances

SWALES

I nfiltration devices

After every effort hasbeen madeto prevent and reducethe
amount of pollutant in stormwater runoff, a series of control
measures should be used to capture and treat runoff before it is
released to surfacewaters. Control measuresarereferredtoasBest
Management Practices, or BMP.

Control measures are devices which are constructed on a
site to capture, transport, store, filter, infiltrate, and treat runoff
before it leaves the site. A control measure can be generally
grouped into one of four categories depending onitsfunction and
design. Each category of control deviceisintended to performthe
pollutant removal function of its counterpart found in a natural
drainage system. Control measures have variouslevels of pollu-
tion removal efficiency/effectiveness. Specific design informa-
tion and removal efficiency can be found in the 1995 DWQ
document on Best Management Practices. TheBMP documentis
available from the DWQ Central Office. See Appendix 2 for the
address and phone number.

Conveyances are devices which capture and transport
stormwater runoff. These devices serve a purpose similar to
natural drainageways and stream channels. When runoff istrans-
ported by a conveyance designed for the purpose of pollutant
removal, itsvelocity is slowed and vegetation within the convey-
ance traps pollutants and sediments.

Conveyances replace natural
drainageways by carrying sur-
faceflow. Vegetated swalesare
used to slow runoff and remove
pollutantsthat would not bere-
moved by the smooth surfaces
of pipes and lined ditches.

Infiltration devices providean opportunity for runoff tobe
temporarily stored so that it has an opportunity to soak into the
ground. Some of these devices are very large in size and are
intended to handlel argequantitiesof runoff collected fromabroad
area. Other infiltration devices are very compact in size and are

North Carolina Sormwater Ste Planning Guidance Manual

17



18

well suited for usein moredensely devel oped settingscloser tothe
source of runoff. All infiltration devices will reduce the quantity
of runoff which is released from a site as surface flow. These
devices also provide control of runoff quality by absorbing and
witholding pollutants and sediments. Infiltration devices serve a
purpose comparable to forest soilsin anatural drainage system.

I nfiltration devicesallow water \L ~L LT B A I "
to be re-absorbed into the ~L sLsL sLsLsLsLsLsLsLsL

ground. INFILTRATION

Sorage devices Sorage devices are control measures which are designed
to collect and hold runoff for a period of time which may range
from a few hours to permanently. The basic design of storage
devicesresemblesthat of apond. Thesedevicesusually consist of
a storage basin which is formed behind an embankment, some
means of controlling flow out of the basin, and in most instances
a means of capturing and treating runoff as it enters the basin.
Storage devices serve a purpose comparabl e to floodplains, land-
scape depressions, wetlands, and ponds which are found in a
natural drainage system. These devices slow the rate at which
runoff is released into surface waters and provide a means of
pollutant and sediment removal through settling and biological
activity.

,.7 ) | | | | | 6 -.‘v \.»A
. . LA a0 O S Ay
Sorage devices will hold back -
flow for a period of time to al-

low pollutants to settle.
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Traps and filters

INFLOW

Traps and filters are control devices which serve avery
specific purpose; to capture runoff and provide treatment which
removes pollutants, sediments, and other materials. Thesedevices
rely on mechanical means of filtering the runoff as it passes
through. Most of thetrapsare very small in size and are designed
to treat the runoff from a small drainage area. These devices are
designed so that they can be cleaned out as necessary.

Filters can be of amost any size or shape depending upon
the characteristicsof thedrainagearea being served. The purpose
of afilter issimilar to that of atrap in that it removes sediment,
pollutant, and debris as runoff passes through the device. Both
traps and filters serve a purpose comparabl e to the natural vegeta-
tion and soil surface found in anatural drainage system.

Y
7
480 I:II:II:I
: WATER 'j'.- OUTFLOW
S a—ar >
N - ...._.l. ‘- '; i *‘:,,.. Ik OUTFALL

CHAMBERS TO TRAP j
AND FILTER POLLUTANTS
FROM RUNOFF

Traps are in-line devices used to mechanically

remove pollutants from runoff .

The use of a series of measures which complement and
support one another throughout the site plan will maximize the
effectiveness of each. When control measures are included as a
part of an integrated system of preventive measures and source
reduction practicesthey will hel pto achievethestormwater runoff
water quality goals of the development.
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Section Four

Components of the
Ste Planning Process

Overview of the Ste
Planning Process

Before site planning for a
development can occur it
will be necessary to deter-
mine the regulatory re-
quirements which will apply
to the site.

When runoff management is consideredtobeapart of the
designinstead of an additiontoit, adevelopment will generate as
little runoff as possible and will control the quality of that which
is generated. The process of site planning for stormwater runoff
management involves the following steps:

1. Siteinventory and analysis

2. Program development and conceptual
planning

3. Master planning

4. Construction documents and details

5. Implementation

6. Operation and maintenance

Before the process of designing a comprehensive, cost
effective, and integrated stormwater management plan actually
begins, it is necessary to determine the regulatory stormwater
requirementswhich may apply to thesite. Thelocation of asite
within adesignated watershed, within amunicipal jurisdiction, or
near specially classified waters will dictate the manner in which
stormwater is managed. Developments which occur in selected
portions of the State are required to satisfy stormwater control
requirements to protect and maintain water quality. These pro-
gramscontinueto expand as devel opment and urbani zation occur.
Currently, the Division of Water Quality administers stormwater
programs that include requirements for municipalities (MS-4's)
which are required to have a stormwater NPDES permit, the 20
coastal counties, Oustanding Resource Waters, Water Supply
Watersheds, High Quality Waters and Nutrient Sensitive Waters
(asshown ontheWater Quality Protection Strategiesmap on page
7). Local governments may also have specific stormwater man-
agement requirements including on-site retention, buffer or set-
back requirements, or impervious surface area limitations.
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Ste Inventory and Analysis

The site inventory and
analysis provides a means
of gathering and mapping
information about the site
and its surroundings and
puttingitintoaformwhich
can be used as a basis for
the design.

Once the basic legal requirements are established, the
physical characteristics of the site and its surroundings must be
carefully reviewed and analyzed with the intended land use in
mind. This step in the process is known as a Ste Inventory and
Analysis. The site inventory and analysis provides a means of
gathering and mapping information about the site and its sur-
roundings and putting it into aform which can be used asabasis
for the design. Information which is gathered and interpreted as
apart of thisanaysis and which will have asignificant influence
on stormwater runoff includes:

* project boundaries * setbacks, buffers, easements
* topography * rights-of-way

* soil types * surrounding land use

* vegetation patterns * special habitat restrictions

* existing drainage features  « preservation areas

Additional features which might influence the design
include historical features, views, climatic factors, or noise. Since
every sitewill have aunique set of characteristics which must be
considered additional information can be added to the list, as
necessary, for a particular site.

In order to make the gathered information useful for
decision making, it isnecessary to prepareamap or seriesof maps
of the site onto which the information can be drawn or noted. The
most basic map of thistypeisthebasemap. Thebasemapisa plan
view representation which depicts the site boundaries, the direc-
tion of north, and often avariety of other information, drawnto a
scale (such as 1"=10") where one inch on the map represents an
actual distance on the site. Information can then be mapped or
noted at the scale of the base map and used to make decisions as
thedesign processprogresses. Eachlayer of informationwill have
some importance to the design of a site plan and stormwater
guality management system. How each of these layersisformed,
and how it relatesto the site planning processwill bediscussedin
detail in later sections.
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Program and Concept Plan

A primary goal of concep-
tual planningfor stormwater
management is to identify
potential sources of pollut-
antsand to prevent therun-
off affected by these areas
from directly entering sur-
face waters.

Master Plan

The preparation of a de-
tailed master planprovides
an excellent opportunity to
integrate stormwater run-
off management measures
throughout the plan as an
intentional part of the de-
sign.

Inorder to develop aparcel of land, itisnecessary to know
what elementsareto beincluded asapart of the site plan and how
they will generally be located on the land. These two stepsin the
design process are known as a program for development and a
conceptual site plan. The program is alisting of the components
of the intended development which identifies the land area re-
quirements and rel ationships of each plan element.

The conceptual plan locates major plan components and
their accessory uses, vehicul ar and pedestrian circul ation patterns,
required elements such as setbacks or buffers, and other plan
elements onto the base map of the site. A primary goa of
conceptual planning from the standpoint of stormwater manage-
mentistoidentify potential sourcesof pollutantsandto preventthe
runoff affected by these areas from directly entering surface
waters. A conceptual plan should prevent or minimizethegenera-
tion of unnecessary runoff.

A master plan isadrawing of the site plan which shows
more detailed design than the conceptual plan. The master plan
situates plan elements at a common scale relative to one another
and beginsto show dimensional information, materials, surfaces,
and quantities so that estimates and construction drawings can be
prepared in order to implement the plan.

The preparation of a detailed master plan provides an
excellent opportunity tointegrate stormwater runoff management
measures throughout the plan as an intentional part of the design.
As facilities are situated on the master plan, thought should be
giventotheir form and placement rel ativeto thethreedimensional
characteristics of the site.

Using only the amount of impervious surface necessary to
accomplishthegoal sof programrequirementsand consideringthe
significance of each plan component as a potential source of
pollution will reduce the quantity of pollutants being generated.

Locating facilities away from surface waters and the
provision of ample buffers and vegetative filters will help to
control thequality of surfacerunoff enteringwaterways. Integrat-
ing stormwater management into the open space and landscape
elements of a plan in a multiple-use manner improves the effi-
ciency of the use of land on a site. These areas provide an
opportunity to reduce impervious surface, provide areas for ab-
sorption of surface runoff, and provide a means of slowing and
filtering surface runoff near its source.
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Construction Documents

The CD set of drawings
depictsthemanner inwhich
the development will actu-
ally be built and specifies
the materials and methods
which are to be used.

Stormwater control measures can be integrated into the
devel opment plan when they are considered as an important land
use component of themaster plan. In order to reduce velocity and
pollutant load, stormwater runoff generated by the impervious
portions of the site should be routed through natural conveyances
which will provide longer travel times, provide some means of
filtering or capturing sediments and pollutants, and if possible
allow for absorption of a portion of the runoff.

Construction documents (CD's) are the drawings and
explanations which are used to construct the development. A set
of construction documents consists generaly of two parts - the
construction drawings and the construction specifications.

Construction drawings are a precise set of engineered
plans which show how the site isto be prepared for development
and constructed. The construction specifications are a written
description of the materials and methods to be used during con-
struction. Typical documentswhichareapart of aCD set include:

* demolition and clearing plans * architectural plans
* layout plans * site utility plans
* grading and drainage plans * landscape plans

* sediment erosion control plans * construction details
* written specifications

Thedesign decisionswhicharemadeintheconceptual and
master planning phases of the site planning process are put into
effect at this point. The CD set of drawings depictsthe manner in
which the development will actually be built and specifies the
material sand methodswhich areto beused. Stormwater manage-
ment should be included as a part of the CD materials.

Theportionsof aCD set which will have greatest effect on
the overall success of an integrated stormwater runoff manage-
ment plan include: layout, grading, drainage, sediment/erosion
control, architectural design, landscaping, construction details,
and specificationsfor materials and methods, aswell asaplanfor
the operation and maintenance of the built facilities.

Although thefocusof thismanual isintended to be placed
onrunoff quality, thereisarel ationship between quantity of runoff
generated and overall water quality. If the quantity of runoff can
bereduced at any givenpoint duringitsflow, therelativevel ocities
and potential for carrying pollutants can be reduced accordingly.
This level of planning will often include sediment and erosion
control planning for use during and after construction. Details of
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| mplementation and
Construction

Operation and Maintenance

Asuccessful operationand
maintenance programwill
ensure that the develop-
ment remainsin good con-
dition for a long period of
time.

thesiteplan shouldreducetheoverall quantity of runoff from each
portion of thesite. The result will bea reduction of pollutantsthe
runoff will becapableof transporting andimproved runoff quality.
This can be accomplished through avariety of methodsof design
detailing both site elements and architectural elements. An
overall cost savings could berealized since the cost can be spread
over many sitecomponents. Inthismanner, noindividual element
of theoverall stormwater management plan will need to beoverly
large or expensive. A series of small incremental measures
implemented throughout the site design will capture and treat the
runoff generated as close to its source as possible as opposed to
allowing alarge accumul ation to occur. A combination of preven-
tiveand control measuresshould be utilized for best effectiveness.

M any measures can and should betaken during theimple-
mentation or construction of adevel opment to prevent sedimenta-
tion and pollution from occurring on a construction site. These
measures include following the sediment and erosion control
measuresoutlinedin the sediment and erosion control plan, proper
storageof equi pment and materials, clearing theminimumamount
of land necessary at any given time, and providing protection for
vegetation and waterways which are intended to remain undis-
turbed to ensure their integrity.

Once adevelopment has been built and itsfacilities occu-
pied, asuccessful operation and maintenance programwill ensure
that the devel opment remainsin good condition for along period
of time. An operation and maintenance program ensures that the
ongoing activities are done in amanner which does not generate
excessive pollutants or runoff. The failure to provide proper
maintenance reduces the system’s pollutant removal efficiency
and hydraulic capacity. L ack of maintenance, especially tovegeta-
tive systemsrequiring harvesting or revegetating, canincreasethe
pollutant load of runoff discharges.

Thekey to effective maintenanceisto assign responsibili-
ties to an established agency or organization, such as a local
government or homeowners association, and to regularly inspect
the system to determine maintenance needs. An even better tactic
isto design a system that is simple, natural, and as maintenance
free aspossible.

The following sections will follow the site planning pro-
cess from start to finish in more detail. Graphic examples are
provided to help the user of this manual better understand this
process.
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Section Five

Ste Inventory & Analysis

Base Mapping

Existingsiteconditionsmust
first be mapped onto a base
map of the site.

Ste Boundaries

Steboundaries are usually available

in the form of a survey.

Theearliest considerationfor stormwater management in
the design process occurs through gathering, mapping and inter-
pretation of information about the site during the Ste Inventory
and Analysis portion of the process. As the name indicates, this
two-part process provides a systematic means of mapping infor-
mation about the site and then getting it into aform which can be
used as atool during the design process.

In order to understand the relationship of the existing
natural systems to the changes which will occur as a result of
development, the existing site conditions must first be mapped
onto a base map of the site. The base map and the information
whichitincludeswill be used to make decisions about the design
of the project.

A base map depictsthe two and three dimensional aspects
of apiece of land and includes such components as site boundary
and topography. This boundary and topography provide abasis
for subsequent mapping of site characteristics and site plans.

The boundary for the site can usually be obtained from a
survey, plat, tax map, or other sourcewhichwill show the property
lines and limits of the project area as well as other lines such as
easements, rights-of-way, setbacks, buffers, utility locations, flood
zones, or other lineswhich represent some sort of limit or bound-
ary.
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Topography Onceaboundary establishing thetwo-dimensional extents
of the site has been mapped, the topographic information, which
expressesthethree dimensional characteristicsof theland, can be
added. Thebasisfor topographicinformationisacontour, or aline
on the map, which represents points of common elevation above
agiven base plane. Contours can be mapped at any convenient
interval which will reveal sufficient information about the lay of
the land.

An understanding of the site topography is the basis for
understanding the movement of water on the site. Water runs
downhill; it will flow in a perpendicular direction from a contour
of ahigher elevation to one of alower elevation. Contourswhich
are spaced close together on a topographic map represent land
which issteep. Flatter land has contourswhich are spaced further
apart. Asland becomes steeper, runoff flows faster, and has more
energy to erode soil andto carry pollutantsand sediments. For this
reason, the topography isuseful to depict not only the direction of
flow of water on a site, but also to gain an understanding of its
velocity. Whenever the topography of the land is changed to
accommodatedevel opment, therewill bearesponsetothechanges
in the flow patterns or velocities of surface runoff.

Topographicinformation can beobtained fromavariety of
sources. Themost common meansof obtai ning sitetopography, or
topo, is from sources such as city or county engineering or
planning departments. The USGS also has topographic maps
which cover nearly the entire state at avariety of scales. The most
commonscaleis1'=2000 foundona7-1/2 minutequad map. This
scaleof mapping isusually only suitablefor site planning of large
sites of about fifty acres or more. For smaller sitestopo should be
sought which isat ascale of 1"=100" to 1"=400' or larger. Larger
scale topo maps are generally able to show a greater amount of
detail and accuracy. Site planning for stormwater management
will benefit from the greater detail.

An understanding of the
sitetopographyistheba-
sisfor understanding the
movement of water onthe
site.

CONTOUR LINE

HIGH POINT —@

Topography is a two dimensional
representation of a site'slandforms .
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Scale of these maps is usually 1"=2000'.

Sometimes there is no existing topographic information
availablefor asite, or that whichisavailableisnot at ascalewhich
isuseable. In circumstances such asthese, it may be necessary to
have topography generated by asurvey or interpreted from aerial
photography. For very small sites, topography can sometimes be
estimated.
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Sope of the Land

The degree of slope will
influence the velocity of
runoff and its ability to
erode soil or carry pollut-
antsto surface waters.

The slope or stegpness of the land can be readily inter-
preted from the topographic map by measuring the horizontal
distance between the contours. Since the contours are at a
specified vertical interval, the horizontal distance between them
will indicate the steepness of the surface of the land between the
two contours. It isimportant to know how the contoursrelatetothe
steepness or slope of the land when designing a project. Changes
to make the land steeper or flatter will be made by adjusting the
contours closer together or further apart. Land whichisless steep
will requirelesschangefor land useswhich arerelatively flat such
as buildings and parking. Siting land uses onto the existing
topography will require less change to the land in the form of
grading and will result in less changeto natural drainage patterns.

AN

Sy OPE

RISE IN
ELEVATION

HORIZONTAL DISTANCE

Sope of theland is expressed asaratio of horizontal
to vertical (example 4:1) or a percentage (example
25%). The slopeistherisein elevation divided by the
horizontal distance.

It is very important to consider slope when designing a
stormwater management system. The degree of slope will influ-
ence the velocity of runoff and its ability to erode soil or carry
pollutantsto surface waters. Devel oped areas which have steeper
slope alow runoff to pass through more quickly, increasing the
potential for downstreamflooding. Sincetherunoff passesthrough
an area of steep slope more quickly, there is less chance for
infiltration or filtering. When steep slopes are disturbed during
development thereisapotential for erosionto occur. Also, steeper
slopes are more difficult to stabilize once they have been dis-
turbed. If possible, it is best to leave areas of steep slope undis-
turbed. If itisnot possibletoleavetheseareasintact, thealternative
isto break up the length of the slope, if developed, so that runoff
velocities will be slowed.
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Sope Map

A slope map can be prepared which will indicate which
areas of the site have dight, moderate or severe slope limitations.
The degree of slope severity will differ depending upon factors
such astheerodibility of soil typeson the site and the type of land
use which isintended. For some areas, a ten percent (or 10 to 1)
slope may be considered steep - that isaslope which resultsfrom
avertical rise of 10 feet over adistance of 100 feet. Inother areas
which have very stable soils, a slope of 20 percent may not be
considered steep by local standards. This map layer will serve as
a valuable tool during the site planning process to assist in the
location of land uses.

CONTOUR LINE

Plan view of contours.
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Steeper slope. Flatter slope.

Sections through contours.
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A slope map will show steeper slopes

A slopemapisconstructed using thebase map topography.
The contour lines of the base map represent points on the site
whichareat acommon el evation aboveahorizontal baseplan. The
distance and spacing between contoursisameasure of the slope of
the land. Contours which are closer together indicate steeper
slopes, contours which are further apart represent flatter slopes.
The degree of slope (or percent or ratio of slope) is realy a
rel ationship between the vertical distance (changein elevation) of
the contour interval and the horizontal distance which can be
measured on the base map.

One method of indicating steeper slopes on amap is by
hatching or shading. A completed slope map which uses this
technigue will have the most severe slope limitations shaded
darkest, lighter areas of the map represent the areas with fewest
slope limitations.

STEEP SLOPES
MODERATE SLOPES
GENTLE SLOPES

shaded dark and gentler slopes|eft light.

Drainage Features and
Ste Hydrology

Drainage patterns are
the direction and path-
way which surface wa-
ter will takeover theland
when runoff from rain-
fall occurs.

Thedescription of thedrainagepatternsand other features
related to the activity of water on asite are collectively known as
the hydrology. Drainage patterns are the direction and pathway
which surface water will take over the land when runoff from
rainfall occurs. Sometimes the runoff collects into channels and
iscarriedto streams or to lakes. Other times, the rainfall will not
become runoff and will be absorbed or infiltrated into the land.
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Drainage features

The hydrology or drainage
features of a site are deter-
mined by the characteristics
of the land such astopogra-
phy, soils characteristics,
and vegetation patterns.

Water flowsin adirection perpendicular to the contours of
theland. The patterns of surface flow consist of areas of standing
water, sheet flow, channelized flow and in certain circumstances
acombination of these conditions.

Thehydrology or drainagefeaturesof asitearedetermined
by the characteristicsof theland such astopography, soilscharac-
teristics, and vegetation patterns. The climate of the sitewill also
influencehydrology withrainfall quantity and evapotranspiration
rates. Thefeatures of anatural drainage systeminclude: natural
drainageways, depressions, wetlands, floodplains, highly perme-
able soils and vegetated areas.

Water always flows perpendicular to contours.

It should be a goal at the
outset of the design to pre-
serve and maintain existing
drainage patterns and hy-
drology of a site.

To gain an understanding of the surface hydrology of a
site, its features can be mapped using symbols for streams,
wetlands, standing water, infiltration areas, floodplains, and other
existing features. Direction of flow can beindicated with arrows.
Thelevel of detail necessary in this mapping can be very general
atfirstfor conceptual level planning, thenincreasedin detail asthe
planning process continues and more information is needed.

It should beagoal at theoutset of thedesignto preserveand
maintain existing drainage patterns and hydrology of asite. An
understanding of the functions of the natural drainage featureson
an undeveloped site will help to realize their influence on runoff
qguality. In a natural drainage system the network of channels,
depressions, floodplains, and infiltration areas has had time to
become stabilized. When land is devel oped and the natural drain-
age patternsare changed, the surface flow must still be accommo-
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dated in some manner. Thecurbing, catch basins, and pipesfound
in atypical development design replace natural channelsin their
ability to collect and carry flow quantity but offer little in the
control of water quality. It isdifficult to take advantage of the site
hydrology which is already in place without first understanding
the components and functions of a natural existing drainage
system.

Drainage basins Once the flow patterns and drainage features have been
mapped, the site can be divided into drainage basins. A drainage
basin isthe most basic element of astormwater management plan
and can be defined by identifying the limits of the area of
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A drainage features map shows the components of the existing
natural drainage system.
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A drainage basin is the most
basi c element of astor mwater
management plan and can be
defined byidentifyingthelim-
its of the area of topography
which will contribute runoff
to a single outfall point.

topography which will contribute runoff to asingle outfall point.
The limits of each discernible drainage basin are identified by
locating the high points, ridge linesand saddle lines of asite. If a
lineisdrawn which connectsthese points, it will represent at |east
aportion of adrainagebasin boundary. A drop of rainfalling onto
thesiteon onesideof thelineor theother will flow intowhichever
basin is bounded by the line on that side. Anindividual drainage
basin can be large enough to encompass an entire site and the
surrounding area, or small enough that a single site may have
several within its boundaries, a very small site may only have a
portion of abasin. Several individual drainage basins may flow
together to form ariver basin, or watershed.
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A drainage basin is defined by the limits of the area which
contributes runoff to a single outfall point.

North Carolina Sormwater Ste Planning Guidance Manual

33



The quality of the runoff which is contributed by each
drainage basin within awatershed will have an effect on thewater
quality which occursat theoutfall. Areaswhicharenear theupper
reaches of basins typically offer the greatest opportunity for
preventive measuresin site planning design and aretypically less
likely tobesubjecttoflooding. Areasat lower portionsof drainage
basinsoffer opportunitiesfor control measureswhich areintended
to capture runoff from a wide area. The lower portions of a
drainagebasinaretherecipientsof runoff fromtheentirebasinand
may be subject to increased flows and possible flooding as upper
areas of the basin are developed. Measures may be taken during
development to prevent this from occurring.

Theamount of runoff whichisgenerated at onetimewithin
a given basin is a result of several factors: amount of runoff
contributed by upstream areas, slope of the land, soils character-
istics, land cover characteristics, regional climatic conditionsand
effectiveness of existing surface runoff controls among others.
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Ste topography and drainage patterns can be used to divide a siteinto its
component sub-basins for more detailed design.
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Soils

Characteristics of soil types
which are important to con-
sider during the site plan-
ning process include: per-
meability, wetness, slope,
strength, erodibility, and
depth to bedrock.

Every site will have soils characteristics which must be
understood in order to design an effective stormwater manage-
ment system. Soils are categorized and mapped by the USDA-
NRCS based upon their characteristics. Thereisaclose relation-
ship between soil types and their position in the landscape.
Characteristics of soil types which are important to consider
during the site planning process include: permeability, wetness,
slope, strength, erodibility, and depthto bedrock. Thesecharacter-
istics will influence the placement of land uses, including
stormwater, on those portions of the site that would be best suited
to each use.
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Soilsinformation is obtained from NRCS Soil Surveys which
are prepared on a county by county basis.

Adapted from USDA-NRCS Soil
survey for Cabarrus County, NC
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Soilsinterpretation

Soilsinformation for asite is available for most counties
of North Carolina from the local NRCS office in the form of a
county soil survey. A soil survey contains descriptions of the soil
typeswhich occur throughout the county and maps of where each
soil typeoccurs. Themapsaretypically at ascaleof 1"=2000' feet
which correspondsto the scal e of 7-1/2 minute USGS quad sheets.
This scale of mapping is most useful for the planning of larger
sites, however even for small sites, ageneral understanding of the
nature and properties of the soils will be helpful for conceptual
planning.

In order to make use of the information found in the soil
survey, itwill first benecessary to determinethelocation of thesite
on one of the survey maps. The information shown on the maps
consistsof soil seriesboundariesand symbolsintheformof letters
or numbers which represent each soil type (referred to as a
mapping unit or soil series). Once the site location has been
identified onthemap, the symbol sfor thevarioussoil typeswhich
occur in the vicinity of the site should be noted.

Theremainder of thesoil survey consistsof descriptionsof
each soil type and a number of charts which provide information
about the soil type, its characteristics, and its limitations for
various land uses. Thisinformation can be used to determine the
limitations for each of the soil types found on the site and their
suitability for various plan components.

It isimportant to consider the characteristics of the differ-
ent soil types on asite when designing astormwater management
system:

* Areas which are intended to be used for infiltration func-
tion best when the soils are deep and well drained.

» Areaswhich areto be used for surface water storage, such
asawet pond, function best when the soilsdo not drain as
well.

* Soil types which are most suitable for development will
often occur on broad ridgetops and gentle sidesl opes.

» Soilswhich are at lower elevations such asin floodplains,
depressions, or along drainageways will usually present
limitations of wetness.

* Soils which occur on steep sideslopes can often be ob-
served to have limitations including slope, shallow bed-
rock, or erodibility.
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Existing Vegetation

Observingandunder stand-
ing the relationship of the
vegetation patter nstoother
site characteristics can be
beneficial to the appropri-
ate siting of land uses.

Vegetation patterns on an undeveloped site can revea a
great deal about the nature and properties of the development
conditions of the site. The plant species and communities which
occur on the site are indicative of soils conditions, drainage
conditions, history of land use, or other factors which have been
influencial to their presence. Observing and understanding the
relationship of the vegetation patternsto other site characteristics
can be beneficial to the appropriate siting of land uses.

Although general vegetation patterns can be determined
from aerial photos, the best method of eval uting the vegetation on
asiteisto conduct asite visit as early in the process as possible.
In this manner, the vegetation can be evaluated for its quality as
well as its presence. The appearance of vegetation can vary
significantly from one season to the next throughout the year.
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pared from aerial photography, surveys, or observation.
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The existing vegetation on a site should be identified and
left undisturbed where possibleasanimportant part of stormwater
system design. From a stormwater runoff standpoint, existing
vegetation serves a very important purpose in slowing runoff,
encouraging infiltration, soil stabilization and providing evapo-
transpiration of captured runoff. Thiswill benefittheoverall goals
for runoff water quality in several ways:

» Areaswhichareleftinanaturally vegetated statereducethe
total impervious surface area. This reduces the quantity of
runoff being generated and maintainsthenatural porosity of
the site to allow for infiltration.

» Thenatural vegetation can beincorporated into filter strips
and buffers to surface waters to help slow runoff and to
capture pollutants.

» The intact canopy vegetation will intercept rainfall and
disperse its erosive energy before it reaches the ground
surface.

* Runoff can be directed into the vegetated areasfor infiltra-
tion and absorption.

* Intact root systems hold soil in place and reduce surface
erosion.

C/\ lOPY VEGETATION
INTERCEPTS RAINFALL
AND DISSIPATES ENERGY

S NATURAL SOIL
SURFACE ALLOWS
INFILTRATION

Some of the stormwater
benefits of existing vegetation

ROOTS HOLD SOIL
IN PLACE
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Vegetation Patterns

The general patterns of site vegetation masses can be
mapped from various sources including surveys, field reconnais-
sance, and aerial photography. Thelocation of vegetation masses
can serve asabasisfor conceptual planning and provide ameans
of refining detail throughout the design process. Vegetation is
often afairly reliable indicator of subsurface conditions. Areas
which have been recently used for agricultureor asimilar land use
will be typically open or in some stage of recent successional
growth dominated by upland species of plants. Thiswill usualy
indicate well drained soils conditionswhich are not too steep and
whichdo not have severe shallow bedrock limitations. Generally,
theolder thegrowth onasite, themoreseveretheconditionswould
be expected to be for agricultural use and could be expected to be
difficult to use for other types of land use as well.

If asiteiswooded, thetypeof treesgrowing onthesitecan
beindicative of certain subsurface soil and groundwater charac-
teristics. Typicaly, if thevegetationisdominated by upland pines,
then the soilsconditionsare generally favorablefor development.
Sincethese pinestend to have adeep tap root they will usually be
foundinanareawhich hasdeep soil withrelatively few limitations
which would limit growth such as wetness or shallow bedrock.
Hardwoods, on the other hand will typically have a shallow
spreading root systemwhichistolerant of more severeconditions.
Hardwoods, being somewhat more adaptable than pines, are
typically found in conditions such as those which have shallow
bedrock or a water table close to the surface. Large hardwoods
indicatethat it hasbeenalongtimesincethelandwascleared, even
for timber. Some areas of hardwoods occur on steep sideslopes
which would otherwise be well suited to pines if they could be
readily planted or harvested as timber. These slopes, when
allowed to vegetate naturally, have resulted in hardwood stands.

Where possible, vegetation which is in a natural and
relatively undisturbed state should be kept intact to serve as open
space or buffers for the development. This vegetation serves
several purposes:

« it reduces the percentage of impervious area on-site

* serves as afilter for overland surface runoff

* serves as an area of infiltration.

Large trees provide an enormous amount of evapotranspiration
which if incorporated into the stormwater control system can
provide a means of reducing the quantity of surface runoff gener-
ated by a site.
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Composite Analysis

A compositeanalysis com-
bines and summarizes the
information gathered and
interpreted during the in-
ventory process

The composite analysis
should note site features
which offer advantages as
well as disadvantages to
devel opment.

BASE MAP

COMPOSITE
ANALYSIS

A composite analysis is a drawing which combines and
summarizes the layers of information previously gathered and
interpreted during the inventory process, beginning with a base
map of the site. Aseach layer of information from the inventory
is added to the base map, aseriesof zoneswill become apparent
which reflect the characteristics of theincluded layers. The com-
positeanalysisprovidesameansof simplifying alarge quantity of
complex information into a form which can be used as a design
tool.

Sinceit will be used as a decision-making tool during the
design process, the composite analysis providesanideal opportu-
nity to identify and emphasize the importance of the existing
natural drainage features on asite.

In addition, this stage will help developers to see the
limitationsof thesite. Someportionsof thesitewill haverelatively
few devel opment constraints, whileotherswill havemany. Layers
which will present physical limitations to development include:
steep slopes, soils constraints, and vegetation patterns. Other
layerswill dictatewhere devel opment can or cannot occur regard-
less of physical limitations, these areas include property lines,
setbacks, rights-of-way, easements, buffers or other restricted
Zones.

The composite analysis should note site features which
offer advantagesaswell asdisadvantagesto devel opment. Attrac-
tive views, access points for circulation, access to utilities, site
amentities, or climaticfeatures, aswell asthoseportionsof thesite
which have existing drainage features and significant vegetation
should be noted so that these elements can beincorporated into the
site plan.

CONSTRUCTION
DOCUMENTS

MASTER

CONCEPT

COMPOSITE
ANALYSIS

One method of interpreting information during the
site inventory and analysis is the overlay method.
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A composite of the site
inventory drawings will
reveal the location and
severity of constraints to
proposed devel opment.

Disadvantages such as odors, noise, unattractive views or
proximity to conflicting land uses should be taken into consider-
ation aswell.

Depending upon the complexity of the program for devel -
opment and the existing conditions found on a site, many addi-
tional inventory layers can be prepared to map out information
whichispertinent tothe specific site. Suchadditional information
may include surrounding land uses, historical resources, ecologi-
cal resources, zoning information, climatic information, visual
inventories, utilities, access, or any other informationwhich needs
to beconsidered during thedesign process. Someof thisadditional
information will not relate directly to decisions regarding
stormwater but will influence other aspects of the design.

Oncethevariouslayersof information have been gathered
and brought toacommon scale, they can beoverlaid and eval uated
to determine which portions of the site are best suited to the
development of each component of the intended land use. The
process of overlaying the various layers of information can be
conducted manually with clear overlay sheets, or digitally by
using a computer.

A composite of the siteinventory drawingswill reveal the
location and severity of constraints to proposed development.
Those areas which have the fewest or least severe constraints
would typically be best suited to most components of a develop-
ment program. Constraints may dictate adjustmentsin the design.

For very small sites or sites which are not complex, a
simpler method of evaluating development constraints can be
used, especially by individuals with significant development
experience. Theoverlay methodispresented hereasanillustration
of the process of gathering and interpreting information about a
site.

STEEP SLOPES

PROTECT TREES  MODERATE WELL SUITED
& NATURAL SLOPES RIDGE
DRAINAGE

EXISTING \
STRUCTURES 3

WELL SUITED /) /
!
RIDGE 'é/// 2
\ 7/ = STEEP SLOPES
ACCESS \ S
TO SITE \ \\\ "
WL —;
(= / J
For very small sites or sites " PROTECT TREES
which are not complex, a sim- WELL SUITED & NATURAL
pler method can be used to RIDGE DRAINAGE

evaluate development con-
straints and opportunities.
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Other Information

In addition to the existing natural features of the land, a
number of existing man-made features may occur on agiven site
and will need to be considered during the design process. These
featuresinclude existing structures, roadways, utilities, surround-
ing land uses and features of the site such as cemeteries or other
areas which must remain undisturbed.

A typical sitewill haveahistory of land useover theyears.
Each of the previous uses for the land will have left some
indication of the changes which have occurred since the land was
initsnatural and undisturbed state. Some of these features of the
site are permanent and must be included as a part of the site plan,
others can be changed to accommodate the new site plan.

The features which must remain undisturbed will have a
significant influencein the design of astormwater system. Grad-
ing and other changesto the sitewhich direct or store surfaceflow
will not be able to be made in these areas. In order to provide for
stormwater management the flow must be directed around these
areas or be relocated in a manner which does not require their
disturbance.

There may aso be an existing man-made surface runoff
systemwhich must be considered inthe sitedesign. Thissituation
is often found on in-fill development.
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Case Sudy Ste

A small 30 acre case study sitewill be used throughout the
remainder of the manual to illustrate the site planning process.
This site is part of the much larger tract of land previously
illustrated throughout the Sitel nventory and Analysissection. The
larger tract was used to describe some of the sources of informa-
tionwhich arereadily availablefor aparcel of land. The location
of the 30 acre tract within the larger tract is shown below.

The case study site will illustrate the use of the overlay
method of siteinventory and analysisand then utilizethisinforma-
tion to illustrate how asite plan is developed for the parcel.
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Location of 30 acre case study

sitewithin larger parcel.
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lines, topography, vegetation,
and roadways. This layer will
serve as a base map for further
inventory, analysis and plan
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DRAINAGE
BASIN

An inventory of the existing
drainage features and site hy-
drology will serve as the basis
for siteplanningfor stormwater
runoff management.

NATURAL DRAINAGEWAY

EXISTING PINE

SOILS WITH
SLIGHT

LIMITATIONS

SOILS WITH
MODERATE
LIMITATIONS

SOIL SERIES
BOUNDARY

An inventory of existing soils OPEN / SUCCESSIONAL AREA

and vegetation characteristics
will be useful to site planning
decisionmaking.
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1- MOST SUITABLE
2 - MODERATELY SUITABLE
% - LEAST SUITABLE
Sorom NATURAL DRAINAGEWAYS

The various layers of information can be overlaid together at a
common scal eto create a compositeinventory map Thisinforma-
tionisthen interpreted or analyzed to determine the suitability of
each portion of the site for the proposed devel opment.

The composite analysis map or development suitability map

defines zones within the site which will offer devel opment oppor-
tunities or constraints.
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Section Six

Conceptual Ste Plan

Program for Devel opment

A program for development
identifiesthecomponentsand
elements which will be in-
cluded in the site plan for a
devel opment.

If allowancesfor stor mwater
are made early in the site
planning process, they can
be integrated more thor-
oughlyandthoughtfullyinto
the design.

Conceptual planningisatwo-step process- identification
of aprogramfor devel opment and the preparation of aconceptual
site plan.

A programfor development identifiesthecomponentsand
elementswhichwill beincludedinthesiteplanfor adevel opment.
Before the elements can be physically located on a design, they
must be defined in terms of their size, number, and requirements.
A program is alisting of the various components of the plan and
adescription of their sizesand quantities. The size and placement
of individual elementson asiteplan (such asbuildings, roads, and
parking) are often dictated by standards, zoning requirements or
other regulations. Additionally, the programming for most land
useswill bedetermined by influences such asmarket demand for
a particular land use or preferences, goals and objectives of the
developer.

Typicaly included in this phase of site planning are
allowancesfor amenity areasor open space. Consideration should
also be given to the space requirements for stormwater runoff
management components. With increased pressure to maximize
useof asite, stormwater planning isoften not considered until late
in the development process and must be fit into the plan at the
expense of proper design. If allowancesfor stormwater are made
earlier in the site planning process, they can be integrated more
thoroughly and thoughtfully into the design. When incorporated
as a part of the overall program for the site plan, stormwater
management can be implemented in a more efficient and cost
effective manner.

Commercial/Retail/Office: 8 acres
Commercial 17,000 sg. ft. building 110 parking spaces
Retail 3,500 sg. ft. building 40 parking spaces
Restaurant 5,500 sg. ft. building 90 parking spaces
Office 6,000 sg. ft. building 80 parking spaces
Convenience Retail: 1acre

Single Family Residential: 12 acres 24 lots or 40 cluster units
Park/Open Space 9 acres
Total areaof site: 30 acres

2000 sg. ft. building 10 parking spaces

Aprogramfor devel opmentlists
guantities of plan elements and
the land area allocated to each.
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Spatial Relationships
Diagram

Aspatial relationshipsdia-
gramisascaledrawingin
which individual plan ele-
mentsaredrawn asshapes
and forms approximating
their intended size.

A drawingknownasaspatial relationshipsdiagram isan
intermediate step which is often used to trandl ate the descriptions
of plan elements in the development program into aform which
can be drawn onto a site plan and built. A spatia relationships
diagram isascale drawing in which individual plan elementsare
drawn as shapes and forms approximating their intended size. For
exampleif abuilding isintended to be 10,000 square feet in size
whenitisbuilt, then ashape (maybe asquare) would be drawn on
the diagram which represents this amount of area. As each
element isdrawn, the diagram can be used to indicatetherel ation-
ship of each element to othersin the diagram.

Some elementsof the programwill need to beshown close
to one another. For example, ahouse would be situated closeto a
garage. Other elementswill need to be spaced with some distance
betweenthem. Buffersand barrierscan berepresented by symbols
on the drawing to separate uses where necessary. Connections
should be shown between uses which represent circulation for
pedestrians or vehicles. Connections should be shown, for ex-
ample, between an existing road and proposed parking for vehicu-
lar access or between buildingswhere asidewalk would occur for
pedestrian circulation. These can be represented by arrows.

The diagram should show where open space and amenity
areasareintended asapart of theplan. Allowancesshould bemade
inthe drawing to accommodate the runoff or pollutantswhich are
expected to be generated by the various plan components. When
completed, thespatial rel ationshi psdiagram shouldlook similar to
aplan view of the proposed development.

FPARK/OPEN SFACE

9 ACRES

N BUFFER

P - PARKING
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o PEDESTRIAN ACCESS

NATURAL DRAINAGE

SINGLE FAMILY
12 ACRES

A - COMMERCIAL 17000 SF !
B - RETAIL 3500 SF

C - RESTAURANT 5500 SF —— —_—5,—-’
D - OFFICE 6000 SF — "

E - CONVENIENCE 2000 SF | LR
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Sting Land Uses

The topographic and hy-
drologiccharacteristicsof
the site should be utilized
to fit each use to the site.

Impactscanbereduced by
siting plan elements in a
manner which requires
less change of the site's
natural topography and
vegetation.

Aconcept planbeginswith
ageneralizedsitingof land
uses based upon their size
requirements and site
characteristics. Astheplan
evolves, greater detail can
be shown.

ACCESS

CONVENIENCE

RETAIL

LSS NN

\‘ OFFICE/ RETAIL

VEHICULAR \

1

A
\

Thespatial relationship diagram, whiledrawnto arelative
scale should beflexible enough that it can be adapted to the three
dimensional and physical constraints of the site indicated by the
siteanalysis. At thisstageof conceptual planning, thedetailsof the
design of individual elements have not yet been resolved but the
conceptual sizes, relationshipsand interconnections begin to take
form and arefit to the site.

It is best to adapt the design of plan elements to the site.
When the design of elements cannot be adapted to the site, the site
must be changed to accommodate the element. The topographic
and hydrologic characteristics of the site should be utilized to fit
each use to the site. Wherever possible, the existing natural
drai nage system shoul d berecognized asthe beginning point of the
design for stormwater management.

Siting land uses inareaswhich arebest suited tothem will
allow agreater portion of the siteto remain less disturbed. Areas
whichhavebetter soils, gentler lopesandarerel atively unvegetated
aregenerally better suited to most types of development land use,
suchasroadsand buildings, and requirelessmodificationinorder
tobeused. Thisisavery important consideration for the preserva-
tion of existing natural drainage features. The more land which
must be disturbed on a site, the greater the impacts will be to the
natural systems. Impactscan bereduced by siting planelementsin
amanner which requiresless change of the site's natural topogra-
phy and vegetation.
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Reducing the amount of im-
pervious surface where pos-
siblewill resultinareduction
in runoff quantity.

Flow Routing

Components of the conceptual plan which are expected to
generate stormwater runoff or will beapotential source of pollut-
antsshould benoted. Astheconceptual plan elementsaresituated
onto the base map and composite analysisdrawingsin order tofit
themtothesite, thestormwater management aspect of theplancan
be considered and incorporated into the design.

Areaswhichwill be covered by impervious surfaces, such
aspaving or rooftops, prevent runoff from being absorbed into the
ground. Areas such as these can be expected to generate runoff.
Portions of the sitewhich are downstream or downhill from these
areas can be expected to receive thisrunoff. Reducing the amount
of impervious surface where possible will result in areductionin
runoff quantity.

The conceptual plan for stormwater management should
generally show where stormwater runoff isbeing generated onthe
siteand how it will be routed in order to control its quality before
it enters surface waters. The actual methods used to transport
runoff will include acombination of natural drainagefeaturesand
man-made control measures. Examplesof actual practiceswill be
discussed in greater detail later in the manual.

Routing of natural stormwater drainage can beshownwith
arrows. This routing can occur in the form of sheet flow or
collected flow. Even at the conceptual level of design, an effort
should be made to increase the distance over which stormwater
flows so that pollutants and suspended materials are given a
chanceto settle out. Indirect flow routing will provide an oppor-
tunity to reduce time of concentration, provide for increased
infiltration, and keep velocities lower so that the stormwater
runoff will be less likely to carry suspended material to surface
waters.
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Sormwater Components
of the Conceptual Plan

Follow Contours

with land uses

CONTOUR LINE

LAND USES

A completed conceptual site plan will show the sizes and
shapes of plan elementslocated on the base map and will beginto
show the details of the relationships between these elements.
Buildings, parking, vehicular and pedestrian circulation, open
areas, landscaped areas and other components of the devel opment
can be shown on this plan.

The conceptual plan is the most opportune part of the
design process in which to use careful consideration and judge-
ment in the siting of land uses so that the final plan will result in
a cost effective and efficient stormwater runoff management
system.

Guidedlinesto follow include:

» minimize disturbance to natural vegetation

* keep natural drainage patterns intact

* minimize use of impervious surfacesto promote infiltration
« route flow over longer distances

* keep runoff velocities low

« do not discharge runoff directly into surface waters
* use non-structural controls where possible

* use overland sheet flow

* maximize on-site runoff storage

* incorporate best management practices

« reduce impacts by clustering development

Wherever possible, land uses should follow the contours
of the site. Following contourswith land uses, instead of crossing
themwill generally have many benefits. The useswill fit into the
land more naturally and will require less grading. Since more of
the natural earth isleft intact, less natural vegetation will need to
be disturbed. Also, the development will be more stable and less
likely to erodeif less areais disturbed.

Land uses should follow
contoursto fit into the land.
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Mass Grading Plan

Minimize grading by fitting
elements to the natural land
form.

A massgrading plan shows
where significant changes
must be made to the land in
order to accommodate plan
elements. These changes are
shown by moving contours up
-slope to indicate an area of
cut and down-slope to indi-
cate areas of fill.

From astormwater design standpoint, fitting land usesto
the contour of the land will help to prevent long, uninterrupted
slopes. Longer slopes allow runoff to attain a higher velocity
resulting in a greater ability to carry pollutants and sediment,
increased erosive energy and a shorter time of concentration at
lower elevations. Siting land uses to follow the contours slows
runoff velocity and allows a greater opportunity for capture and
infiltration.

A massgrading plan can be prepared for the conceptual
site plan which showswhere significant changes must be madeto
theland in order to accommodate plan elements. A mass grading
planis usedto makedesign decisionsat theconceptual level while
plan elements are still being arranged on the plan. Since certain
types of land uses such as buildings or parking will require level
building sites, theland must be altered in these areasin order to be
developed. Themost suitablelocation onasitefor thistypeof use
can beidentifiedfirst by noting the areasidentified during the site
analysis portion of the process. Also, it is important to note the
location of existing drainage features so that they can be avoided
wherever possible.

EXISTING CONTOUR
PROFOSED CONTOUR
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Land use decisionsand the
selection of the measures
which will be employed on
thesitefor stormwater man-
agement shouldberesolved
as much as possible at the
conceptual plan level be-
foreproceedingtothemore
detailed Master Plan or
Construction Documents.

The mass grading plan is a useful tool for balancing the
amount of soil which is cut with that which is filled. This is
beneficial to the process because if the efficiency of grading can
be improved, there will be a significant cost savings and less
impact to the site.

Thecompleted conceptual planwill generally show where
stormwater runoff isbeing generated on thesiteand how it will be
routedin order to control itsquality beforeit enterssurfacewaters.
L and usedecisionsand the sel ection of themeasureswhichwill be
employed on the site for stormwater management should be
resolved as much as possible at the conceptual plan level before
proceeding to the more detailed Master Plan or Construction
Documents.
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Section Seven

Master Plan

The Master Plan is typi-
cally drafted and precisely
drawn so that it can serve
as the basis for the prepa-
ration of Construction
Documents.

COMVMLNITY
FiER

The Master Plan for a development is a drawing which
showsmuch greater detail thanthe Conceptual Plan- similar tothe
view as seen through an out of focus camera which is gradually
brought into focus. The actual sizes and shapes of plan elements
are shown at an accurate scale and the plan begins to look very
realistic as though viewed from above. The Master Plan is typi-
cally drafted and precisely drawn so that it can serve asthe basis
for the preparation of Construction Documents.

Buildings on the Master Plan are shown to have the size
and shapewhichthey will havewhen built, parking lotsaredrawn
to show placement of individual parking spaces, circulationroutes
are defined,and plan elements are shown in their final placement.

The preparation of a detailed Master Plan provides an
excellent opportunity tointegrate stormwater runoff management
measures throughout the plan as an intentional part of the design.
As facilities are situated on the Master Plan, thought should be
giventotheir form and placement rel ativeto thethreedimensional
characteristics of the site.

REETAIL

COMMERCLAL

RESTALRANT
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(TYFICAL)
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COMYERIEMCE

REETAIL

The actual sizes and shapes of plan

elements are shown on a master pl an \\ﬁ}l MEFLE FAMILY LTS

at an accurate scale and the plan
beginstolook veryrealisticasthough

viewed from above.
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| ntegrating stor mwater man-
agement into the open space
and landscape elementsof a
plan in a multiple-use man-
ner improves the efficiency
of the use of land on a site.

COMMLENITY
PARL

Using only the amount of impervious surface necessary to
accomplishthegoal sof programrequirementsand consideringthe
significance of each plan component as a potential source of
pollution will reduce the quantity of pollutants being generated.

L ocating facilities away from surface waters and provid-
ing ample buffers and vegetative filters will help to control the
quality of surface runoff entering waterways. Integrating
stormwater management into the open space and landscape ele-
ments of aplan in amultiple-use manner improvesthe efficiency
of the use of land on asite. These areas provide an opportunity to
reduceimpervioussurface, provideareasfor absorption of surface
runoff and provideameansof slowing and filtering surfacerunoff
near its source.

Stormwater control measures can be integrated into the
devel opment plan when they are considered as an important land
use component of themaster plan. In order to reduce velocity and
pollutant load, stormwater runoff generated by the impervious
portions of the site should be routed through conveyances which
will provide longer travel times, provide some means of filtering
or capturing sediments and pollutants, and if possible alow for
absorption of aportion of the runoff.

22 SIMNGLE FAMILY
CLUSTEE UMITS

FETAIL
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COMYEMIEMCE
FETAIL

One method of increasing open
gpaceinaplanistocluster land
uses such assingle family resi-
dential.
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Thedirectionwhichflowis
directed isone of the many
decisions which can be
made at the Master Plan
level which will have an
effect on the efficiency and
cost effectiveness of the
stormwater runoff manage-
ment system.

Many decisions can be made at the Master Plan level
which will have an effect on the efficiency and cost effectiveness
of the stormwater runoff management system. Since the detail of
theMaster Plan allowsthe more exact placement of elementsonto
the site, the stormwater management components of the plan
should be shown in amore detailed manner on this drawing than
on the Conceptual Plan. As details of various pavements and
surfaces are shown, impervious area can be measured more
accurately. Measurements can aso be madeto establishthe sizes
of various constructed components of the system. Sizes of
individual componentsare based on the quantitiesof runoff which
will be generated by each of the drainage basins of the site.

Calculationsand formul asare used to determine the quan-
tities and velocities of runoff which must be accommodated by
each component of the stormwater system. These formulas are
explainedin great detail in engineering handbooksand arereadily
available for those who have a need or interest to use them.

Dispersed flow

(Iustration adapted from
Michigan Soil Erosion and
Sedimentation  Control
Guidebook.)

Briefly, all components of a stormwater system must be
designed to handle the runoff which will be generated by a storm
with aknown degree of intensity. Thisisknown asadesign storm.
Thedesign stormwhich must beused for thedesign of stormwater
systemsistypically specified for agiven region or municipality in
order to satisfy stormwater regulations. All components of the
stormwater system must be ableto carry the quantitiesand timing
of rainfall which would result from the design storm. Addition-
ally, the components of the system must be designed to withstand
the forces of the flowing water and in some instances to retain a
portion of the flow so that it can be released slowly.

The very specific and detailed design of each component
of the overall stormwater management system will occur during
the construction documents phase of the design process. It is
important however, to understand the general requirements of the
design so that any necessary modifications can be made to the
overall plan as early in the process as possible.
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Section Eight

Construction Documents

Construction Documents

Ste Survey

Inorder to build adevelopment fromaMaster Plandesign,
a more detailed and precisely engineered set of drawings, con-
struction detail sand specificationswill needto beprepared. These
items are collectively known as the construction documents or
CD's. A CD set of drawingswill explain and describein detail the
dimensions, materials and construction methods which are to be
employed in order to construct the project.

A typical set of construction documents will include:

* Site Survey

» Demolition and Clearing Plans

* Layout Plans

 Grading Plans

 Sediment & Erosion Control and Drainage Plans
* Architectural Plans

* Planting/L andscape Plans

* Construction Details

* Specifications

There are certainly less involved projects which will not
require every one of the above listed items and other projects
which are very large or complex which may require many more
than are shown here. For an average site planning project, the
necessary CD componentswill providetheinformation needed to
construct the project as the designer intended.

Thefirst layer, the site survey, isincluded in the set asa
reference document. Thisdrawing isthe basisfor all of the other
construction documents since it records the legal limits of the
parcel and other information about thesitewhichisrelevent tothe
devel opment of the property. On many urban projects, there may
be existing public stormwater systems or public drainage ease-
ments which are shown on the survey.

The site survey may be a boundary survey which is a
drawing prepared to show thelegal description of the property. A
survey may also be atopographic survey which will show addi-
tional information about the site contours and will often show
limits of existing vegetation and other physical featuresof thesite
such asbuildings, fences, roads, etc. The survey may bethe same
base map that has been used throughout the previous stepsin the
process.
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Demolition and
Clearing Plan

Thefirst drawing of the CD set
which begins to show changes
whichwill bemadetothesiteis
typically a demalition plan.

TREE
PROTECTION
(TYFICAL)

REMOVE WOOD

The first drawing of the CD set which begins to show
changes which will be made to the site is typically a demolition
and clearing plan. This drawing indicates the portions of the
existing site which are to be removed before construction can
occur. Thoseitemswhichwill remain asapart of the devel opment
are noted "to remain”; other elements are shown to be removed.

All vegetated areas of the site which are to be preserved
should be clearly marked on the demolition plan so that appropri-
ate tree protection measures can betaken before demolition of the
site begins. Thiswill avoid unintentional damage to the trees by
equipment. Also, if areasaretobeleftinanatural state, they should
be noted on the plan so that equipment iskept out of theseareasin
order to minimize damage and the need for restoration later.

Areas which should be considered for protection include
vegetated buffers to surface waters, natural drainage features,
wetlands, floodplains, infiltration areas, steep slopes, and areas
which have been designated on the master plan as undisturbed
areas.

TREES TO REMAIN
(TYFICAL)

STRUCTURES
REMOVE ALL FAINT,
MATERIALS & UTILITIES

LIMITS OF

CLEARING
(TYFICAL)

A demolition andclearing plan
indicatesthe portions of the ex-
isting site which are to be re-
moved before construction can
occur. Those items which will
remain asa part of thedevel op-
ment are noted "to remain”;
other elements are shown to be
removed.
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Layout Plan

INCORRECT METHOD
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The correct method of tree pro-
CORRECT METHOD tection should be specified on
clearing or demolition plans.

A layout plan is a measured and dimensioned drawing
which describes how the various components of the Master Plan
are to be surveyed and staked on the site. The layout plan
establishesthetwo dimensional control of thearrangement of site
plan components. Thisdrawing is prepared by first establishing a
point of beginning. As the name implies, a point of beginning
establishes the point from which measurements and dimensions
begin in order to lay out the design. This point can be a property
corner, center of an intersection or any other point which can be
readily located on or near the site.
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Grading and Drainage Plan

Sncethegradingplande-
termines the changes to
the grade of the site, this
plan aboveall otherswill
relate most closely to the
stormwater runoff man-
agement of the develop-
ment.

PLAN VIEW

Themost basiclayoutinformationlocates road centerlines
and building corners relativeto the point of beginning. Each plan
element isthen located relative to the basic layout by dimension
lines, angles and distances.

The layout of stormwater control measures should be
conducted inthe same manner asall other plan elementsto ensure
that they areincorporated into the plan and not afterthoughts. The
layout plan should provide adequate space for each measure so
that it will be able to function properly and allow access for
operations and management.

A grading and drainage plan describes and illustratesthe
changeswhich must be madeto the contours of thesitein order to
accommodatethe elementsof thesite plan. Level areasand sloped
areas are created on the site by moving earth. These areas are
created from existing grades by raising elevation (filling) - or by
lowering elevations (cutting). These changes are shown on the
grading plan by relocating the existing topographic contours so
that they represent areas where the land will be cut and where it
will be filled. The grading plan is really a form of three dimen-
sional layout of the site plan.

Sincethegrading plan determinesthe changesto thegrade
of the site, thisplan above all otherswill relate most closely to the
stormwater runoff management of thedevel opment. Gradeswhich
are established for each plan element will determinethedirection,
volumeand vel ocity of thestormwater runoff being transported on
the site.

Any changesingradewhichareshownonthegrading plan
will result in adisturbance of the soil and any existing vegetation
withinthe areato be changed. So if vegetation or natural drainage
features are intended to remain intact, it is imperative that these
areas be clearly noted on the grading plan and that the appropriate
protection measures be installed in the field in order to prevent
unintentional disturbances by grading equipment.
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Agrading plan depictschangeswhich
will be made to the existing grade by

(Ilustration adapted from Landphair,
Landscape Architecture Construction)
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Sediment and Erosion
Control Plans

Sediment and erosion control measures are required for
most land disturbing activitiesin North Carolina. These measures
are described in the Erosion and Sediment Control Planning &
Design Manual as reviewed by the Land Quality section of
NCDENR. For very minor activities, themeasuresarerequired to
be installed on-site, but do not require an approved plan. All
significant land disturbing activities, such asthoseassociated with
a development which disturbs more than one acre, require that a
plan be prepared which shows the methods that will be used to
prevent and control erosion and sediment pollution.

The methods which are employed to control erosion con-
sist of stabilizing disturbed areas and preventing runoff velocities
from eroding the soil surface. Sediment control measuresare used
to prevent soil particles and other solids from entering surface
waters. Standard practicesand methodsof controlling erosionand
sediment on a construction site include:

Ny
g N
) = 2 ’) _\\\

L:Lé “:%ﬁ@:uu -

Sediment / silt fencing

Depressional inlet protection Fenced inlet protection

(Ilustrations adapted from NCDENR, Land Quality, Erosion and Sediment Control Planning & Design Manual)
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Sediment basins

Temporary diversion ditching

At
T m:i'um =l
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==

(Ilustrations adapted from NCDENR, Land Quality, Erosion and Sediment Control Planning & Design Manual)

There is much similarity
between the goals of a
sediment and erosioncon-
trol plan and those of a
stormwater runoff man-
agement plan.

There is much similarity between the goals of a sediment
and erosion control planand those of astormwater runoff manage-
ment plan. The purpose of both isto control runoff and pollutants
and to prevent degradation of surface waters. Erosion control
methods are similar to the prevention and source reduction aspect
of stormwater management. The control of sedimentissimilar to
the control of pollutantsin runoff and employs similar methods.

A well designed sediment and erosion control plan utilizes
existing grades and surface flow patterns to the greatest extent
possible. A stormwater management plan whichisclosely related
will be able to take advantage of the surface flow patterns and
control measures already in place on adevelopment site. Consid-
ering apermanant stormwater runoff management strategy during
the design and implementation of the temporary sediment and
erosion control plan will reduce grading costs and will alow an
existing functioning system to be upgraded instead of a duplica-
tion of effort in creating a new system. Also, using areas which
have already been disturbed will allow agreater amount of thesite
to beleft inits natural state.

Inorder to design asediment and erosion control plantobe
used as part of apermanent stormwater management plan, there
will need to be allowances made for the additional runoff which
will be generated by new impervious surfaces. Additiona space
should be provided in the plan to allow for more extensive
permanent controls and best management practices (BMP's) than
may be required for sediment and erosion control. Also, the
measures used in the sediment and erosion control plan should
protect and preserve the integrity of vegetated infiltration areas,
natural drainage systems and newly constructed surface convey-
ances which will be a part of the permanent system.
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Avrchitectural Plans

Directing the flow from
downspoutsinto vegetated
areasor grassed swalescan
greatly reduce the overall
runoff generated by thesite.

The architectural plans show the detail design of build-
ingsand other architectural elementsof thesiteplan. Thebuildings
and their associated exterior paved surfaces and parking account
for the majority of theimpervious surface found on atypical plan
for development. Since these areas are the source of the majority
of new runoff which is generated on a site, they offer the greatest
opportunity to reducethe quantity of runoff through design modi-
fications. Thedesign of buildingscan bemodifiedto generateless
runoff through a variety of means.

* Decrease the size of buildings and minimize rooftop sur-
faces through more efficient use of space.

* Design the building in amanner which requires|ess distur-
bance of land.

» Allow a greater amount of natural vegetation to remain
undisturbed so that infiltration rates will be greater.

« Direct the flow from downspouts into vegetated areas or
subterranean areas instead of into a stormwater collection
system. Thiscan greatly reducethe overall runoff generated
by the site.

« If thereisaneed for landscape irrigation, the runoff gener-
ated by building rooftops is generaly clean and can be
temporarily stored and re-used as a source of water.

Paved areas which surround buildings such as decks and
patios will generate runoff which can also be reduced by modifi-
cation of design or materials. Asin the design of interior spaces,
exterior areascan bedesigned to makemoreefficient use of space;
a smaller well-designed area might function aswell as alarger
poorly designed area. The materials which are selected for these
areascanreducetheamount of theareawhichisimpervious. Some
materials such as wood decking are more porous than others and
will allow a greater amount of rainfall to infiltrate.

North Carolina Sormwater Ste Planning Guidance Manual

Graphic of downspout flow into vegetation

63



Planting Plans / Landscape
Plans

Landscape techniques can
be used which will reduce
the quantity of runoff gen-
erated by the site and im-
proveits quality.

Also, the runoff from decks or patios can be directed into
landscaped or natural areas instead of into a stormwater system.
Thebest approach to directing runoff from these exterior surfaces
which do not tend to generate alot of pollutantsis by sheet flow.

Most types of development will have some form of land-
scape treatment. The drawings which are used to illustrate and
explain the landscape design consist of three components.

Landscape plans illustrate the arrangement of planted
areas, natural areas, exterior pavements, exterior landscape struc-
tures, lighting, irrigation and other landscapefeaturesontothesite
plan. The landscape construction details explain and illustrate
Information necessary to construct the elementsshown ontheplan
drawings. Landscape specificationsprovidedescriptionsand stan-
dards for the methods and materials which are to be used in the
construction.

Stormwater runoff management will be affected in at least
two ways by thelandscape design. First, theamount of areawhich
isleft undisturbed as natural areawill provide an opportunity for
infiltration and will have lower maintenance requirements than
areas which are intensively landscaped. Second, the landscape
techniques, plants and materials which are selected for use in
landscaped areas will have maintenance requirements which can
influence both the quality and quantity of stormwater runoff.

The use of indigenous grass or herb speciesintheremain-
ing lawn areawill require lessirrigation or chemical support for
survival. The challenge of this approach is to select a palette of
native plantswhichwill satisfy the need for quality runoff without
offending the suburban aesthetic of manicured neatness.

Most plants selected for urban or suburban landscapes are
selected becausethey are plentiful and inexpensive. Littleconsid-
eration is given to the adaptability or maintenance needs of the
plants. The use of resource efficient plantsin alandscape design
can greatly reduce the need for excessive amounts of fertilizers,
chemical pesticides, or irrigation which isneeded in order to keep
them vigorous.

L andscape planting plans are typically comprised of two
parts; first, the selection of plant speciesor surfacematerialsto be
used, and second, their location and placement within the site
design. If somethought isgiven to stormwater when the decisions
on the landscape plans are being designed, this portion of the site
plan can make a significant contribution to the overall quality of
runoff.
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A successful resource efficient
landscape design begins with
an understanding of the site
which isto be designed and the
resources to be protected.

Irrigation plans

The use of resource efficient landscape design techniques
will hel pto prevent urban non-point sourcepol lution. A successful
resource efficient landscape design begins with an understanding
of the site which is to be designed and the resources to be
protected.

» Work with the natural hydrology of the site instead of
atering it.

» Use buffer zones to protect surface waters.

e Limit impervious areawhere possible

» Manage runoff and pollution from impervious areas
close to the source

» Select resource efficient plants adapted to the area.

» Replacelargeareasof high maintenancelandscapewith
adapted or native plants

» Group plantsaccordingtosimilar growingandresource
requirements

» Match landscape plant groupings with appropriate ex-

isting site conditions.

Manage water use and irrigation efficiently

Use mulch where possible

Manage nutrients wisely

Increase mowing height of lawn areas

Use composting of lawn waste to recycle nutrients

Use natural and vegetative areas for stormwater man-

agement

» Use captured runoff for irrigation

Single family lots and some other types of development
are comprised primarily of lawn. While these areas are not
impervious, they can contribute significantly to the pollutant load
in stormwater runoff. Thetypical subdivision lawniscomprised
of non-native grass specieswhich require large amounts of fertil-
izer in order to grow lush and green. Additionally, thenon-native
speciesof grassin most lawns are subject to avariety of pestsand
diseases which are controlled with potentially toxic chemicals.
Many lawn areas are also irrigated which, if excessive, can
contribute to runoff volume by keeping soil pores saturated.

Runoff quality from single family lots and other similar
land uses can beimproved by reducing the amount of lawn area of
thelot and replacing it with mulched beds or natural areasaswell
as better management of fertilizer and chemicals.

[rrigation productsareavail ablewhichminimizetheamount
of water necessary for landscape plant growth by distributing it
more efficiently. These productsinclude drip irrigation methods
andlow flow heads. By reducing theamount of water which could
be potentially contributed to runoff from over-spray or excess,
these products help to reduce the overall impact of stormwater
originating from landscaped areas and surrounding pavements.
Oneirrigation product which has greatly improved the efficiency

North Carolina Sormwater Ste Planning Guidance Manual

65



66

Construction Details

Best Management Practices

of an irrigation system is the central computerized controller
whichisprogrammed to respond to soil moisturesensors, climatic
conditions, evapotranspiration rates, as well as to provide the
specific amount of water required for aparticular zone depending
upon the type of plants being grown and their specific water
demands. Themoreefficient use of water for irrigation meansthat
less water is wasted and the soil in landscaped areas is not
continually saturated. Theresultisthat any precipitationthat falls
is more likely to infiltrate the soil than leave the area as runoff.
Under ideal conditions, if the quality of runoff can be controlled
tothedegreethat it can becaptured and utilized asasourceof water
for irrigation, there would be even less runoff generated by asite.
Care must be taken to allow for the removal of sediment and
pollutantsfrom runoff beforeitiscollected and stored for suchuse.
Their removal will prevent possible damageto irrigation systems
and the accumulation of pollutantsin areas where they cannot be
periodically removed.

Runoff from areas which are relatively pollutant free can
be used to reduce the need to irrigate if it can be directed into
landscaped areasin acontrolled manner. Caremust betakeninthe
design of asystem such asthisto ensurethat alandscaped areawill
receive enough water that the plants flourish but not so much that
problems are caused by overwatering. This problem can be
overcomein part by selecting landscape plants which are adapted
to the amount of water which an areais expected to receive.

The construction details are the portion of the CD set
which provideexamplesand illustrationsof the detailed construc-
tion of plan components. Typically shown in the construction
detailsare explanations of how various components of the master
plan are to be constructed or implemented. These drawings also
provide the opportunity to show portions of the Master Plan at a
larger scale which allows more information to be shown.

Constructiondetailsof Best M anagement Practices(BMP)
whichwill beused asstormwater control measuresthroughout the
site plan should beincluded in the detail s section of the CD set to
ensure that they are constructed properly and that they will
function as intended when built.

There are awide variety of BMP'swhich can beincorpo-
rated into a plan. BMP's are also known as control measures, or
constructed devices which control runoff quantity and quality.
Where control measures or BM P'sbecomenecessary, asasupple-
ment to preventive and source reduction practices, the use of a
combination of smaller controls to capture or treat runoff should
bedesigned as integral partsof theoverall siteplan, not asseparate
elements. BMP's can be grouped into the following general
categories:
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Conveyance devices

General BMP Categories

» Conveyance devices
Curb Openings
Grassed Swales

* Storage devices
Wet Detention Ponds
Dry Detention Ponds
Extended Stormwater Wetlands
Pocket Wetlands
Bioretention areas

* Filtersand Traps
Filter Strips
Sand Filters
Oil and grease traps

« Infiltration devices
Infiltration trenches
Infiltration basins

Categoriesof control measuresarerelatedto size, position
in the landscape and function within the overall stormwater
system. There have been numerous studies conducted on the
effectiveness of various measures and the details of design and
use. As mentioned in Section 1, the Division of Water Quality
(DWQ) has prepared adocument entitled " Stormwater Best Man-
agement Practices’ November 1995, which describestheuse and
effectiveness of various types of measures and should be refer-
enced for a detailed background explanation.

Stormwater runoff isusually collected and transported by
aseries of catch basins, pipes and ditches. While these methods
arevery efficientinmovinglargequantitiesof runoff rapidly away
fromasite, they offer littlein theway of pollutant removal. Using
morenatural engineering methods, al so known ashbioengineering,
in order to collect and transport runoff offers the benefit of
improvements to runoff quality.
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Curb openings

In developments which have curbs, curb openings can
serve a purpose comparable to a catch basin. By providing an
outlet into adjacent vegetated areas, natural areas or swales an
opening in a curb will disperse collected flows and provide an
opportunity for treatment or infiltration. Curb openingsshould be
situated at low points along the roadway or if the road surfaceis
crowned, curb openings can be placed part of theway down aside
slope.

Where space allows, curb openings should be as wide as
possibleto keep velocities slow and shallow. A narrower opening
will tendto concentratetheflow and may causeerosion at thepoint
where runoff |eaves the pavement.

Openings in curbs can be included in the design of new
developments as well asin existing development situations. Be-
fore providing the opening, however, it is important to know
where the runoff will go once it passes through the curb. Areas
should be identified or designed as a part of the overall system
which will be able to accommodate storm flows without causing
damage to property or creating other problems. It is best if curb
openings can be used in conjunction with other natural engineer-
ing measuresinorder to provideameansof controlling the runoff
once it leaves the pavement.
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Anopeninginacurbwill dispersecollected (Hlustrations adapted from NCDENR,
flows and provide an opportunity for treat- Water Quality, Stormwater Management

ment or infiltration

Guidance Manual and BMP's)
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Grassed swale

(IMustrations adapted from NCDENR,
Water Quality, Sormwater Management
Guidance Manual and BMP's)

Theuse of grassed swalesinstead of pipesor lined ditches
will alow runoff to be slowed and filtered asit istransported. An
additional measure of control can be provided with check dams
placed acrossthewidth of grassed swales. The check damscan be
made of landscape timbers, rock or stabilized earth. The use of
waterbreakswill slow runoff, capturepollutantsand allow infiltra-
tion without impeding the extreme flows generated by large
storms.

Where it is possible, a more natural design of grassed
swales is preferable to a straight sided engineered design. A
curving swale of varying width will fit into the landscape more
naturally and will provide alonger path of runoff flow.

Although grassed swal escan be of many different designs,
a broader design will be most effective for pollutant removal.
Where space allows, a broader swale should be used to keep
velocitieslow and to prevent erosion from occurring. A narrower
cross section will encourage faster and deeper flow, is not as
effective for pollutant removal, and may result in erosion if
vegetation is not properly established and maintained. If a nar-
rower channel isused, check dams and taller grasses with deeper
root systems can help to control channel erosion.

S A grassed swale with check dams will carry
surfaceflow, slowtherate of runoff and provide
filtering of pollutants.
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Sorage devices

These devicesareintended
to withhold runoff for a pe-
riodoftimeandtoreleaseit
more slowly back into the
surface water system.

WEet detention pond

Storage devices include various retention and detention
structureswhich are similar in design and function. The design of
each measure will usually include a berm or embankment at the
lower end to capture runoff, a storage basin behind the berm and
some means of controlling the outflow of runoff. Additional
features might be included in the design which are related to the
function of the device such as forebays or low flow channels.

Some common storage devices include: wet detention
ponds (wet ponds), dry detention ponds, extended stormwater
wetlands, pocket wetlands and bioretention areas. These devices
areintended to withhold runoff for a period of time and to release
it slowly back into the surface water system. During the timethat
runoff isbeing held - also known asresidencetime- pollutantsand
sediments are given opportunity to settle out or to be filtered by
vegetation.

A wet pond or wet detention pond isthe most common of
the storage devices and is usually the type of BMP which is
recommended or required because of itseffectivenessasacontrol
measure for both runoff quality and runoff quantity. A wet pond
is designed to have a permanent pool of water between rainfall
events (permanent water quality pool).

In addition to the permanent pool thereisroom for tempo-
rary storageof stormflowswhichareheldfor atimethen released.
The mechanism used for controlling the rate at which stormwater
is released may be in the form of a weir, standpipe or other
overflow device. There are many designs for water control de-
vices, al of which serve the same basic purpose.

Another component of most wet ponds is a forebay. A
forebay isasmall basinlocated upstream of themain storagebasin
which collects sediments before they enter the larger basin. The
forebay is designed to be accessible so that it can periodically be
cleaned out. The use of aforebay in the design of awet pond can
greatly improve the water quality of the main basin. This is
especialy helpful for ponds which are intended to be used for
purposes such as amenity, recreation or wildlife habitat.

Awet detention pond can provide some of the
most effici ent pol | Utan_t removal', Espec al |y if (IMustrations adapted from NCDENR,
a forebay isincluded in the des gn. Water Quality, Stormwater Management

Guidance Manual and BMP's)
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Dry detention pond A dry detention pond - or dry pond - isvery similar toawet
pond except that it does not have a permanent pool of water. The
dry pond isabasin which accepts and detains storm runoff so that
it can be released slowly. The pond then remains dry between
storms. Theeffectivenessof adry pondin pollutant removal isnot
asgreat asthat of awet pond. However, sincethereisno permanent
pool to maintain, construction and maintenance costs may be
significantly less.

Dry pondshavebeen used for many yearsto control runoff
quantity from peak flows. More recently, amodified design of a
dry pond, the extended dry detention basin, has been used as a
water quality BMP. The extended dry detention basin provides a
longer detention time for smaller storms than anormal dry pond
and allowsagreater amount of sediment and pollutant to settleout.

A dry pond hascertain advantagesover awet pond. Itisnot
as limited by terrain or soils since there is no permanent pool to
maintain. A dry pond can be of amost any size and can beworked
into a site plan as part of the open space. If adry pond is large
enough it can provide valuable wildlife habitat which benefits
fromthe concentration of water. Thebottom of ashallow dry pond
basin can be planted in wildflowers. Since there is no permanent
pool of water, there is less chance of the area becoming an
attractive nuisance to children.

There are also disadvantages to using adry pond. Unless
they are well designed and maintained properly, an accumulation
of sediment andtrash canmaketheseareasvery unattractive. Al so,
depending on the source of runoff, many people may find odors
from dry pond areas objectionable.

Dry ponds are most effective for pollutant removal when
they are used in combination with other measures such asgrassed

swales.
STORMWATER
INLET OUTLET RISER
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A dry detention pond can pro-
vide pollutant removal as well
asreducethe quantity of runoff

which leaves a site. (Illustrations adapted from NCDENR,
Water Quality, Sormwater Management

Guidance Manual and BMP's)
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Extended Sormwater
Wetlands

Pocket wetlands

INFLOW

FOREBAY

Stormwater wetlands are very similar in design to wet
ponds and dry ponds. They occur between the two in terms of
permanent wetness of the basin area. While a wet pond has a
permanent pool, and a dry pond is designed to be dry between
storms, astormwater wetland isintended to remain wet enough to
encourage the growth of wetland plant species within the basin.
Thewetland plantingsoffer the benefit of slowingflow, providing
nutrient uptake from runoff and capturing sediments. Small pools
of water called micropools are provided within the basin for
settling and slowing water vel ocities; the depths of these poolsare
typically less than three feet.

As in the design of a wet pond, a forebay is included
upstream of an extended stormwater wetland in order to provide
early sediment removal.

Pocket wetlands are similar in design to extended
stormwater wetlands, but on asmaller scale. Pocket wetlands are
intended to serve smaller sitesor portions of drainage basins. The
features of a pocket wetland are the same as those of a larger
stormwater wetland except that the micropools do not need to be
aslargeand aforebay isnot usually arequirement duetothemuch
smaller contributing drainage area.

--» OUTFLOW

WE ,

EMBANKMENT ©

Artificial stormwater wetlands can remove pollut-
ants, provide animal habitat and provide land-

(Illustrations adapted from NCDENR, Water scape value.
Quality, Sormwater Management Guidance

Manual and BMP's)
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Bioretention areas

Bioretention areas have characteristics in common with
other storage devices in that they provide a temporary storage

volume and a means of treating and slowly releasing runoff;

however, they differ in the mechanism which is used to treat the

runoff once it is captured. Water exits the bioretention area by

infiltration into the ground or by evapotranspiration through the

plants.

These areas utilize a combination of a grass filter strip,

ponding area, sand bed, planting soil, organic layer, and plant
material to re-create the filtering and absorption found in a more
natural forest-type setting. This is accomplished by directing
runoff into adepressional planted areawhich providestemporary

storage, infiltration, plant uptake and evapotranspiration.

Each component of the bioretention areaservesafunction

in the overal

BIORETENTION AREA

effectiveness of the areafor pollutant removal.

SHEET FLOW >

Bioretention areas utilize a combination of a
grassfilter strip, ponding area, sand bed, plant-
ingsoil, organiclayer, and plant material tore-
create the filtering and absorption found in a
mor e natural forest-type setting.
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(Iustrations adapted from NCDENR, Water Quality,
Sormwater Management Guidance Manual and BMP's)
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Filtersand Traps The category of constructed BMP'swhich aredesigned to
mechanically trap or filter sedimentsand particul ate material from
runoff includesfilter strips, sandfilters, and oil/greasetraps. Each
of these measuresisincorporated "in-line" as part of astormwater
management system which means that stormwater isintended to
pass through these devices. Each device is designed to capture
runoff and to remove suspended material from therunoff beforeit
is released back into the system.

Filter Strips (Vegetated) Filter strips are bands of vegetation through which
stormwater runoff can be routed in order to reduce pollutants and
slow velocity. These devices are level areas situated between
upstream devel opment and surfacewaterswhichhavebeen planted
or left natural in close-growing grasses or dense woody plants.
Runoff from the development isdirected into afilter strip, spread
out and strained through the vegetation thereby removing sedi-
ments and pol lutants.

A level spreader along the upstream side of afilter strip
will help to reduce velocity of runoff as it enters the strip by
spreading the runoff into athin layer before it enters the vegeta-
tion. Thiswill aid in pollutant removal and will help to prevent
channelizationwithinthefilter strip. A level spreader canbeinthe
form of a stone filled trench. The level spreader will slow the
runoff and spread it out before it entersthe vegetative filter strip.

Filter strips are not as effective at pollutant removal as
some of the more structural types of controls, such aswet ponds,
and function best when used in combination with other BMP'sin
areas which have lower density development. If not well main-
tained, the vegetated filter strips can become channelized or the
vegetation may become thin and pollutant removal capability
diminished.
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A vegetated filter strip provides a buffer between

development and surface waters. The vegetation (INustrations adapted from NCDENR, Water
traps and filters pollutants while slowing flow Quiality, Stormwater Management Guidance
velocity. Manual and BMP's)
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Sand Filters

A sandfilter isbasically designed asabox filled with sand.
Runoff which isdirected into one side of the deviceisfiltered as
it passes through sand before being rel eased. The box isdesigned
in such a way that runoff from an impervious area - such as a
parking lot - is directed by sheet flow into a grate. The grate is
situated over an empty chamber (sedimentation chamber) which
receives the runoff and allows a settling of heavy sediments and
debris. The runoff fills the sediment chamber and overflowsinto
another chamber which is filled with sand. Since the openings
between sand particlesarevery small, finer sediment particlesare
trapped as the runoff passesthrough. Once the runoff has passed
through the sand filled chamber, it isrel eased from the deviceand
back into the stormwater system.

One advantage of a sand filter is that it can be easily
cleaned out so that accumulated sediments and debris are not
allowed to be re-suspended, preventing them from entering sur-
face waters. Another advantage is that these filters require rela-
tively littleroom and can beincorporated into paved areasor other
areas where space is limited. A mgjor disadvantage is that sand
filters require regular maintenance in order to remain effective.
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A sand filter consists of chambers
which allow sediment to settle and
pollutant bearing particles to be

removed from runoff.

(INustrations adapted from NCDENR,
Water Quality, Sormwater Management
Guidance Manual and BMP's)
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Infiltration Devices

Thesourcesof runoffwhich
are best suited to infiltra-
tion devices are those
whicharerelativelyfreeof
pollutants such as runoff
from rooftops and side-
walks.

I nfiltration basins

(IMustrations adapted from NCDENR,
Water Quality, Stormwater Management
Guidance Manual and BMP's)

Infiltration of stormwater returns rainfall directly to the
soil without allowing it to become runoff. This prevents the
stormwater from entering surface water systems and retainsit on
the site. In order to allow sufficient time for the soil to absorb the
runoff, an infiltration device is designed to capture and hold
runoff, releasing it back into the ground.

Three designs of infiltration devicesal perform the same
function but differ significantly in size and shape. Large infiltra-
tion areas are called infiltration basins; smaller elongated basins
are known as infiltration trenches; and smaller compact devices
arecalled dry wells. Thisvariety in design allowsfor usein many
different situationsthroughout asite plan depending uponthesize
of the areato be served and the source of the runoff.

The source of runoff is an important consideration when
deciding to use any type of infiltration device. They can easily
become clogged with debris or sediment and cease to function if
these materials are present in the runoff which enters them. The
sources of runoff which are best suited to infiltration devices are
those which are relatively free of pollutants such as runoff from
rooftops and sidewalks.

Infiltration basins are similar in design to a dry pond
except that they do not have an outlet into a surface water. These
basinsareonly useful if they can be sited in permeabl e soilswhich
will alow al of the runoff entering the basin to be absorbed
following a storm. These basins are well suited for use in large
open areas and can be of nearly any shape. If well drained, these
areas can serve other purposes during dry weather.

$¢¢¢¢¢¢¢¢¢¢¢

INFILTRATION

Infiltration basins aresimilar indesigntoadry
pond except that they do not have an outlet into
a surface water.
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Infiltration trenches

An infiltration trench can be
a useful control measurein
confined urban settings

(Iustrations adapted from NCDENR,
Water Quality, Sormwater Management
Guidance Manual and BMP's)

Infiltrationtrenches aremuch smaller and moreelongated
than basins and are usually used to capture the runoff from
buildings and from parking lots. An infiltration trench can be
situated along the side of aparking lot to receive sheet flow or in
open areas along buildings to receive flow from rooftops. The
advantage of an infiltration trench is its narrow size which can
easily be incorporated into a site plan without taking up much
space.

Infiltration trenches can be dug into the ground and filled
with crushed rock, or they may be trenches made of cast concrete
which provide volumefor runoff storage until it can be absorbed
by the soil through openingsin the trench wall.
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Dry wells

A dry well is located under-
ground and captures runoff so
that it can be released back to
thegroundwater. Thesmall size
of dry wells allows their usein
verysmall areasaroundthesite.

111&L“UIHM -
o

Dry wells are very small infiltration devices similar in
design to trenches, except that they are compact in size and not
elongated. Duetotheir small size, therunoff whichisdirectedinto
these devices should be from a cleaner source such as arooftop.
The small size of dry wells allows their use in very small areas
around the site. In order to function properly, aswith any infiltra-
tion device, they must be sited in areas with permeabl e soils and
must be well maintained.

»'H'“muumnml)tl\”““““‘” """

""‘uunlllfmmm ”“H““Hllnm

SRR XX XORITTIHAA,
AN 9’.\?,:' g

AP T i
2.0,0% ¢ L0,
.’A%"'"“ur:ﬁ

(Hllustrations adapted from NCDENR,
Water Quality, Sormwater Management
Guidance Manual and BMP's)

Althoughinfiltration devicesarevery efficient at pollutant
and sediment removal, the soil pores can quickly become clogged
with sediment. When this happens, the ability of the device to
capture and infiltrate runoff is diminished and its effectiveness
greatly reduced. The use of infiltration devices should be limited
to areaswhich do not generate runoff laden with large amounts of
sediment.

Thefollowing chart summarizesthe charcteristics of sev-
eral Best Management Practices.
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BMP

Bioretention
Areas

Grassed
Swales

Extended Dry
Detention
Basins

Vegetated
Filter Strips

Infiltration
Devices

BEST USES

Locate in areas upland from inlets or
in areas which will be excavated or
cut.

Usedincombinationwithother BMP's
where there are space limitations.
Useful in intensively developed ur-
ban areas.

Can beused on siteswhere hydrology
wouldnot support awet pond or where
soils do not alow infiltration.
Designed as an off-line treatment.

Used to convey stormwater in devel-
opments by replacing curbs and gut-
ters.

Used primarily in single family de-
velopments, at outletsof road culverts
and in highway medians.

Used to connect a series of BMP's.
A minimum of 100 feet of swale per
acre of drainage area is required al-
though shorter swales can be useful
between BMP's.

Longitudinal slope of swales should
be 2% to 4%. Check damsdlow use
of swalesin steeper areas.

Used to reduce peak discharges, con-
trol flooding and prevent downstream
channel scouring.

Best used in areaswhich have perme-
able soilsto alow infiltration.
Canbeusedfor small andlargedevel -
opments where space allows.
Existing dry detention basins can be
modified to improve removal of pol-
lutants.

Basins should be located out of sight
or be concealed with landscape.

Not well suited to high density devel-
opments.

Best used in combination with other
BMP's.

Situated between upstream develop-
ment and receiving waters.

Areato be used consists of relatively
level land.

Designed to spread stormwater run-
offintoathinsheet andfilter itthrough
avegetated area.

Used primarily in residential areas
where development density islow.
Used to further treat stormwater from
wet detention ponds.

Filter strips must be at least 50 feet
wide.

Used in areas which have permeable
soils, deep water table and deep bed-
rock.

Infiltration basins are used in aloca-
tion similar to dry detention basinsor
wet ponds between devel opment and
recelving waters.
Infiltrationtrenchesareusedtohandle
stormwater runoff from parking lots
and buildings.

Dry wells are used for receiving run-
off from roofs and other impervious
areas.

Used in areas where stormwater con-
tains little sediment.

ADVANTAGES

Plantedbioretentionareascanimprove
landscape value, provide shade and
windbreaks.

Increasestimeof concentrationof run-
off.

Provides infiltration and water stor-
age for uptake by vegetation.
Providesfirst flush treatment for con-
centrated pollutants.

Providessevera methodsof treatment
within asingle device.

Swales have relatively few failures
when properly designed, installed and
maintained.

Relatively low constructionandmain-
tenance cost.

Increases the infiltration, and pollut-
ant removal of a stormwater system.
Allows elimination of curbs.

Swales have a pleasing appearance.
Swales cost less than curbs, gutters
and underground pipes.

Well designed basinsdry out between
rainfall events.

Pollutants are removed by alowing
particul ates to settle out.

Basins can be planted in wildflowers
toimprove appearanceand public ac-
ceptance.

Usually not limited by terrain or soils,
however, function best when some
infiltration occurs.

Provides excellent streambank ero-
sionprotectionby slowingrel easerate
of runoff.

Helptoreducepeak stormwater flows.
Remove moderate amounts of pollut-
ants and sediments from runoff.
Visually mesh well with residential
areas.

Providefor open space and recreation
in developed areas.

Help to maintain riparian zonesaong
streams.

Reduces streambank erosion and pro-
vides wildlife habitat.

Often can fit into areas with limited
space.

Infiltration devices put more
stormwater into the soil and reduce
peak flows.

Reducesthefrequency of downstream
flooding.

Helpsto maintain shallow groundwa-
ter and dry weather flowsin streams.
Very effective removal of pollutants
when properly maintained.

DISADVANTAGES

Limited to drainage areas of lessthan 5
acres.

Rigorous maintenance schedule is re-
quired.

Potential for erosion created by sheet
flow.

Plants must be carefully selected to be
effective.

Encroachment of undesirable species
must be controlled.

Success of the device isdependent upon
proper design and installation.

Swales are unable to remove significant
amounts of soluble plant nutrients.
Excessivevelocitiesmay causethinning
of cover, erosion and reduced pollutant
removal.

Standing water may cause safety, odor
or mosquito problems.

Special maintenance of mowing and
cleanout may become expensive.

Usually considered unattractive by the
public.

Release of water is often too slow to
empty basin before next storm event.

If storm occurs before basin is empty,
pollutants may pass through untreated.
Maintenance Is essential and costly.
Basins are subject to clogging of inlets
and outlets.

Poor maintenance can result in debris,
insects and trash.

Pollutants can become re-suspended.
Device takes up alarge land area.
Poorly located basins can remove valu-
ablewildlifehabitat and degradestreams
and forests.

May be subject to channelization and
reduced pollutant removal capability.
Improper design or siting may lead to
early failure.

Must be used in combination with other
BMP's.

Regular maintenance is required.

Infiltrationdevicescanfail quickly when
the soil becomesclogged with sediment.
Failurecanresultinlittleor nostormwater
treatment.

Infiltration devicesrequireproper siting,
design, installation and maintenance for
long term effectiveness.

Effectiveness is limited by shallow
groundwater, bedrock, or poor soil
drainage.

Infiltration basins are more expensive
than simple dry detention basins.

(Source of information: Arnold, J.A. et al., 1993, Stormwater Management Guidance Manual,
and NCDENR-DWQ, November 1995, Stormwater Best Management Practices.)
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Wet Detention
Ponds

Stormwater
Wetlands

Sand Filters

Better suited to large developments.

L ocated downstream of devel opment.
Canbeusedinareaswithlow infiltra-
tion rates.

Require larger sites with some open
land with suitable topography.

Extended stormwater wetlands are
well suited to siteswith alargedrain-
age area.

Require use of alarger land areathan
other BMP's.

Not well suited to sites with large
amount of impervious area.

Pocket wetlands are suited to smaller
sites. Are to be used in combination
with other BMP's.

Used to treat stormwater from large
buildings, accessroadsand moderate
to large parking lots.
Useful in urban areas and on sites
with restricted space.

Very effective capacity for removal
of pollutants.

Ponds are aesthetically pleasing.
Provide wildlife habitat.

May provide recreation.

May meet or exceed capability for
removal of pollutants of awet pond.
Sheet flow across wetlands reduces
velocity and allows particlesto settle.
Efficient in removing sediments and
certain pollutants.

Increased biological uptake of nutri-
ents associated with wetland plants.
Costsfor anextended stormwater wet-
land are similar to a wet pond; costs
for pocket wetlands are lower.

Undergroundfiltersarepracticallyin-
visible.

Filters strain small particles out of
stormwater.

Maintenance s relatively simple.
Mosquito breeding is usualy not a
problem.

Highroutinemaintenancerequirements.
Strict design requirements.

Failure can be catastrophic.

Can contribute to thermal polllution.
May flood prime waterfowl habitat.
Odors, algae blooms or debris can occur
if pond is not properly maintained.

May contribute to thermal pollution.
Require regular sediment remova and
plant harvesting.

Subject to short circuiting.

Strict design requirements.

Extended stormwater wetlands require
more land than other BMP's.

If awatershed is too small, the wetland
may dry out and become a nuisance.
Standing water may breed mosquitos.
May havedifficulty finding asourcefor
wetland plant species. Cleanout access
must beprovidedfor all stormwater wet-
lands.

Debris can collect in wetlands, if not
maintained.

Above ground sand filters are often un-
attractive.

Sand filters are more expensive to con-
struct than infiltration trenches.

No stormwater detention is provided.
Sand filters have limited capability for
removal of pollutants.

Construction Specifications

The written descriptions of the materials and methods
whicharetobeusedintheconstruction areknown asconstruction
specifications or specs. The specifications areincluded as part of
the CD set to establish standards for quality of both materials and
workmanship. A typical set of specswill be divided into sections
which relateto variouscomponentsof thedesign such asclearing,
grading, drainage, paving, |andscaping andtherest of theelements
from the construction documents.

A section of the specifications should be devoted to the
stormwater management components of the site plan in order to
ensure that the materials and methods which are used during
construction will be of good quality and will be lesslikely to fail
after the project is built. It is extremely important to maintain
control over both the materialsand the methodswhich areusedin
the construction of stormwater management devices.

Items which are specified for use in stormwater compo-
nents typically include:

» Materials used for sediment/erosion control

» Soils characteristics for constructed devices

« Seeding and planting specifications

» Construction materials

» Geotechnical fabrics

« Pipes, inlets, culverts and other drainage structures
» Concrete, brick and block

* Maintenance measures

The drawings and specifications of the CD set are often
necessary to obtain permits and approvals from local, state and
federal agencies.
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Section Nine

Construction Methods

Sediment and erosion
control

It is important to control all
types of erosion which can be
asour ceof sediment onacon-
struction site.

Oncethe construction documentsfor asite plan have been
completed and the necessary permits and approvals are in hand,
the process of actually constructing the development can begin.
Since nearly every type of land use will require at least some
disturbance of the site from its natural state, there will be the
potential for changes in runoff quantity or quality. When asiteis
disturbed from its natural state, soil particles and other pollutants
are made available to runoff. It is especially important to control
runoff on construction sitesto prevent these materialsfrom being
transported to surface waters.

The use of approved sediment and erosion control meth-
ods on construction sites will prevent and control the major
sources of sedimentation during the construction phase. At a
minimum, the requirements of state or local sediment and erosion
control law must be met. The law in North Carolina requires
installation and maintenance of sufficient erosion control prac-
tices to retain sediment within the boundaries of the site. It also
requiresthat surfacesbenon-erosiveand stablewithin 30 working
daysor 120 calendar days after compl etion of the land disturbing
activity, whichever period is shorter. These time requirements
may be shorter whenworkingin certain portionsof thestatewhich
have special water quality requirements.
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(Ilustration adapted from Michigan Soil
Erosion & Sedimentation Control Guide-
book)
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Pollutant control

Scheduling of construction
activities.

Tree preservation
and protection

In additionto sediment, aconstruction site may have other
sources of pollution which should be identified and properly
managed to protect water quality. Storageareasfor machinery and
materials which are exposed to rainfall or runoff can be a source
of pollutant if the runoff from these areas is not captured and
treated before entering surface waters. Equipment wash-down or
service areas can also beaproblem if they areimproperly sited or
mismanaged. The best method of controlling the pollution from
areas such asthisisto prevent the exposure of pollutantsto runoff
and to control runoff quality as close to the source of pollutant as
possible.

A construction schedul e should coordinate the timing and
sequence of construction activities in order to minimize erosion
and sedimentation. Factors which should be considered include
weather, growing season, and minimizing theamount of areato be
disturbed at one time. The sequence of construction activities on
atypical development project include:

* construction access

* sediment traps and barriers

* runoff control

* runoff conveyance system

* land clearing and grading

* surface stabilization

* building construction

* landscape and final stabilization

The preservation of treesand other existing vegetation on
asiterequiresforethought and planninginorder to ensurethat they
are not damaged or destroyed by construction activities. Direct
contact by equipment isthe most obvious problem, but damageis
also caused by root zone stress from filling, excavating, or com-
pacting soil within the dripline. The storage of equipment, ve-
hicles, and material sunder treescan al so cause damageand should
be discouraged.

Treesto besaved should be clearly markedinthefield and
the appropriate protection measuresinstalled so that no construc-
tion activity takes place within the dripline.
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Minimize the extent and
duration of exposure.

Protect areas to be disturbed
from stormwater runoff.

Sabilize disturbed areas.

Keep runoff velocities low.

Inspect and maintain
control measures.

The amount of time which sediment or other potential
pollutant is exposed to rainfall or runoff increases the possibility
that it could be carried to surface waters. Exposure can belimited
by scheduling construction activitiesso that largedisturbed areas
of soil are not exposed at one time, stabilize disturbed areas as
quickly aspossible, and by using and storing material sinamanner
which minimizes exposure to rainfall and runoff.

Runoff should be diverted around or away from areas
which are to be disturbed or graded before clearing or grading
begin. Dikes, diversions, and waterways are used to intercept
runoff and transport it away from cut and fill slopes or other
disturbed aress.

Areaswhich are cleared, graded, or compacted are much
more susceptible to the effects of erosion than undisturbed areas.
Once areas have been disturbed, they should be stabilized as
quickly as possible. Plans and schedules should show the use of
temporary or permanent vegetation, mulches, channel stabiliza-
tion and other measureswhich will correspond with construction.

Increases in runoff velocities and volume due to clearing
and grading will increase both the erosive energy of the runoff and
itsability to carry agreater sediment load. M easureswhich can be
used to reduce runoff velocities during construction include de-
creasing the length or steepness of slopes, conveying stormwater
away from steep slopes and disturbed areas, and mulching or
vegetating of exposed areasimmediately after construction.

Once measures have been installed to control runoff on a
construction site, they must beregularly inspected and maintained
to ensure that they continue to perform well. If not properly
maintained, some measures may cause more damage than they
prevent. For example, a large sediment basin failure may be
hazardousto both peopleand property aswel | asthedamageit may
causeto downstream waters. It isessential to inspect all measures
to determine that they are working properly and to correct prob-
lems as soon as they develop.
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Keep equipment in good
working order.

Housekeeping/dust control.

Plan for and minimize
stream crossings

A source of pollutant or sediment on a construction site
may result from improperly maintained equipment. For example,
construction equipment which leaksfluidsor allowspart of aload
of soil tospill out candeposit materialsinareasof theconstruction
site exposing them to runoff. Regular inspections and repair of
equipment assoon asaproblemisnotedisnecessary to ensurethat
leaks and spills do not occur.

Maintaining control over dust, debris, stored materials,
and litter on a construction site will reduce the amount of pollut-
ants which are exposed to runoff. Reducing the presence of these
materials on asite will result in cleaner stormwater which enters
surface waters.

Stream crossings can be among the most damaging of
construction activties where water quality is concerned. Even a
minor stream channel can carry a tremendous amount of flow
during storm events. Since stream crossingsarethe point at which
construction activity will come into direct contact with surface
waters, thereislittlemarginfor error. Even aminor disturbancein
the integrity of a natural stream channel can become an erosion
problem when subjected to the forces of flowing water.

Wherever streams must be crossed, the crossing should be
located at a narrow point in the stream which avoids impact to
sidestream wetlands. The crossing should be as near to perpen-
dicular to the stream as possible. All slopes and exposed soil
should bestabilized in order to prevent washout. Crossingsshould
be designed to maintain normal flow in the stream as well as to
accommodate storm flows,

Sediment and pollution control measures which are in
place before and during construction will provide protection to
surface waters until the development is completed. In many
instances, a well designed system of prevention and control
measures can become a permanent part of the site plan. If asite
plan closely follows the natural topography and natural drainage
patterns are incorporated into the plan, then stormwater manage-
ment controls used during construction will be more readily
converted to permanent measures as construction is completed.
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Section Ten

Operation and Maintenance

Operation and maintenance
of the entire site.

Operation and maintenance
of stormwater system.

Once adevelopment has been built and itsfacilities occu-
pied, asuccessful operation and maintenance programwill ensure
that the devel opment remainsin good condition for along period
of time. An effective operation and maintenance program can
ensurethat the ongoing activitiesare donein amanner which does
not generate excessive pollutants or runoff. The program should
provide for the maintenance of the site as a whole and should
include specific operation and maintenance procedures for the
stormwater system components.

The daily activities within a development may be the
source of many common pollutants. The proper operation and
maintenance of the site as a whole can reduce the amount of
pollutants on the site. Maintenance measures which will reduce
the amount of pollutant at its source include:

* Street and parking lot cleaning

* Litter and debris control

» Maintain and repair soil surface cover

» Maintain and repair pavements

* Minimize the use of chemicals and fertilizers

» Maintain buffers and setbacks

* Store materials and pollutants away from runoff

All components of astormwater management system will
reguire periodic maintenancein order to keep them functioning as
designed. Thefailure to provide proper maintenance reduces the
system’s pollutant removal efficiency and hydraulic capacity.
Lack of maintenance, especially to vegetative systems requiring
harvesting or revegetating, can increase the pollutant load of
runoff discharges. Even the most well designed system will
require periodic maintenance such as:

» Removal of trash and debris from inlet structures

» Dredging of basins which collect sediments

* Clean-out of filters and traps

* Inspection of devicesfor erosion or wear

* Replacement of worn or damaged structures

* Control of plants or animals which can cause
damage to structural integrety of devices.
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Integrated Pest Management

If devel opment occurs upstream of the siteit may become
necessary to periodically evaluate and upgrade control measures
in order to accommodate increased storm flows.

The use of Integrated Pest Management methods for the
effective control of lawn and garden pestswill help to reduce the
overall amount of chemical substances available to runoff. An
Integrated Pest Management Program (IPM) is one in which
horticultural pestsareidentified asspecifically aspossibleand are
targeted with precise applications of chemical or biological pesti-
cidesin only the amount necessary to effectively control the pest.
AnIPM program will emphasize the need to use plantswhich are
indigenous or adapted to an area so that the need for chemical pest
control isreduced. Also, the proper environmental siting of plants
in the landscape according to their needs, tolerances, or prefer-
ences will greatly reduce environmental stresson the plants and
they will asaresult be less subject to pests or diseases.

The basis of an IPM program is an understanding of the
biology of the pest. Every pest will haveaperiod of timeduringits
life cycle in which it is most susceptible to an application of a
pesticide. Applying controls at times other than this will often
requiretheuseof stronger chemicals, greater amounts, or may not
be effective at all.

Any reduction in the amount of chemical applied to the
landscape will ultimately reduce the amount of that chemical
which is available to become a pollutant in stormwater runoff.

Thekey to effective maintenanceisto assign responsibili-
ties to an established agency or organization, such as a local
government or homeowners association, and to regularly inspect
the system to determine maintenance needs. An even better tactic
isto design a system that is simple, natural, and as maintenance
free aspossible.
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Section Eleven

Soecial Concerns
and Problem Areas

North Carolinahasawide variety of conditionswhich are
encountered across the width of the state. The development
situation varies greatly from the mountains to the coast. Each
portion of the state has characteristics which present unique
opportunities and difficulties when designing a stormwater man-
agement system.

PIEDMONT UFPER

MOUNTAINS ]

)

)

SANDHILLS TIDEWATER

Rl

Major physiographic regions of North Carolina
are the Coastal, Piedmont and Mountain regions.
Each region has characteristics of topography, MIDDLE / LOWER
soils, vegetation, and drainage which require

special consideration during the design of a COASTAL FLAIN
stormwater runoff management system.

Coastal Considerations Inmost partsof coastal areas, thelandisrelatively flat, the
soilsare sandy, rainfall can be quite heavy at times, and thereisa
close proximity to ecologically sensitive resources. While less
common, some coastal areas have rolling topography, very shal-
low groundwater, or dense subsoils with confining layers of clay
or hardpan. Conditionssuch asthese present difficultiesaswell as
opportunitiesto the devel opment of asuccessful stormwater plan.

Therelatively flat topography foundin many coastal areas
presents a problem to normally engineered drainage solutions
which demand a change in grade in order to keep stormwater
moving toward pipes, ditches, and other conduits. If anintegrated
approach is taken to prevent runoff from being generated and
infiltrate where possible, this becomes less of a problem. In an
integrated approach, the quantity of stormwater being producedis
lessened and the distance over which it must flow is decreased.
This is accomplished by minimizing impervious area and by
incorporating measuresthoughout the siteto accommodate runof f
closer to its source.
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Coastal areaswhich have steeper slopespresent aproblem
to controlling sediment and erosion. Typically, steeper slopesin
coastal areas are the result of relic dune ridges, escarpments, or
river deposits. Inmany instances, the soilsare sandy or loamy and
duetotheir depth will provide an opportunity for infiltrationif the
velocity of runoff can be kept in check. The key to preventing
excessive runoff from being generated on a site with this type of
character, istokeep theamount of runoff beingaccumul ated at any
onetimeto aminimum by slowing down velocities and directing
it toward areas where it can be absorbed. The reliance on many
small measures used throughout the site will serve this purpose
better than a single large control measure.

Many areas of the coast considered to be the most devel-
opable will have relatively sandy soils. Areas which have deeper
sandy soils present agreater opportunity to infiltrate runoff close
to its source. Although their ability to drain quickly providesthe
solution to one problem, their lack of filtering capability presents
another. Before runoff is allowed to be infiltrated in areas with
sandy soils, it should berouted through vegetated areasin order to
aidin pollutant removal. These areasinclude grassed waterways,
filter strips, or other such measures.
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Land in the coastal region is typically comprised of gentle
to flat topography with sandy soils which are in close
proximity to sensitive coastal waters and wetlands.
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The coastal region of North Carolina occupies the
eastern portion of the state and is comprised of
several zones which have resulted from historical
changes to the location of the shoreline.

SANDHILLS
MIDDLE

TIDEWATER
LOWER

COASTAL PLAIN

Coastal soilswhichhaveconfininglayerssuchashardpans
or denseclay subsoil will typically befoundinareaswhich present
other problemsaswell. Thistype of coastal soil isusually found
in areas which have a shallow fluctuating water table, relatively
flat topography, or in areas which were previously much wetter
and havebeendrained over theyears. Themost successful method
for usein areaswhich provide little opportunity for infiltration of
runoff is the use of preventive measures to the greatest extent
possible. Thisapproachwill reduceboth quantity of runoff andthe
amount of pollutant present in that which isgenerated. The use of
additional BMP's, smaller control measures and conveyances
integrated throughout the site will enhance the preventive efforts
by significantly improving runoff quality.

One of the most important considerations during site
planning for asitelocated within coastal areasisthe protection of
environmentally sensitive wetlands, estuaries, groundwater, and
surface waters. A project located within one of the twenty coastal
counties must meet certain minimum stormwater requirements
whicharedesignedto hel p prevent degradation of theseresources.
Theserequirementsare part of the State Stormwater M anagement
Program. See Appendix 3for alist of the 20 counties, amap with
the counties highlighted, and contact information for the respon-
sible DWQ Regional Offices. A well designed site plan which
includes an integrated approach to management of stormwater
runoff could be expected to surpass the minimum required levels
of resource protection and to provide additional benefit without
additional cost or effort than standard approaches, and potentially
realize a cost savings.
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Piedmont Considerations

The piedmont portions of the state represent an average of
the conditions found in North Carolina. In most areas of the
piedmont, theland isgently to steeply rolling. Thetopography in
most areasis not so steep that it would prevent devel opment from
occurring, but steep enough that high runoff velocities can be
generated over relatively short distances. Like the mountains and
coast, the characteristics of the land in the piedmont presents
specia concernsand considerationstotheplanningfor stormwater
runoff management.

Many of the soilsfound in the piedmont have ahigh clay
content. The amount of clay in the soil varies greatly depending
upon other influencing factors, and will influence the measures
taken in the preparation of an effective stormwater management
plan. Some of the soilswith alesser amount of clay areloamy and
well drained, while others have such ahigh clay content that they
are not well drained and may even have a perched seasonal water
table. Thedegree of internal drainage capability of the soil types
found on a site will dictate where the best opportunities for
infiltration occur.

Land in the piedmont region is typically comprised of
gently rolling topography with clay soilswhich arein
close proximity to streams, lakes and rivers. Many of the
largest urbanizing areas of North Carolina are located in
the Piedmont region.
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|

The piedmont region of North Carolina occupies
the central portion of the state. The geology of the
piedmont reflects a transition between the moun-
tains and the coast.

Some of North Carolina’ s most heavily urbanized areas
occur in the piedmont. Due to their urban character and topo-
graphic position these areas can generate large amounts of runoff.
Urban runoff istypically higher in pollutant content than that from
relatively undeveloped land. Every effort which can be made to
improve runoff quality in the developing areas of the piedmont
will have a positive effect on the quality of water found in
downstream rivers.

Since many devel oping areas of the piedmont are closeto
urban areas, devel opment sitesoften fall within watershedswhich
serveaswater supply or recreational waters. Sincetheseareasare
sensitive to degradation from pollution, additional stormwater
requirementsareoften necessary inorder to control runoff quality.
Inorder to satisfy themorerigorousrequirementsplaced on higher
density development, an integrated approach can help to maxi-
mize the use of valuable land while maintaining an acceptable
quality of stormwater runoff.
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Mountain Considerations Devel opment sitesinthemountainousareasof thestateare
of two conditions; steep mountain sideslopes or comparatively
level river valley bottoms, ridgetops, and floodplains. Each of
these conditions presents achallenge to the design of an effective
stormwater runoff management plan.

In many portions of the mountains, especially on steeper
slopes, not only isthe soil subject to tremendous erosion potential,
but due to the natural erosion process over the years, the soil that
remains is typicaly underlain by shalow bedrock. The steep
slopes combined with shallow soil providerelatively little oppor-
tunity for infiltration. This requires that a stormwater manage-
ment plan emphasize the prevention of runoff through the reduc-
tion of use of impervious surfaces where possible and keeping
drainage basins as small as possible. Incorporating a variety of
surfacemeasuresthroughout thedesignwill slow runoff vel ocities
and keep peak accumulations from occuring.

Land in the mountain region is typically comprised of
gently to steeply rolling topography with clay , loamy, or
rocky soils. Much of the most developable land in the
mountains isin close proximity to trout streams, and other
high quality waters which are very sensitive to degrada-
tion. Due to the steeper slopes, very careful attention must
be paid to all land disturbances in the mountain region.
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MOUNTAINS

The mountain region of North Carolina occupies
the western portion of the state. The geology of
the mountainsis the result of both upheaval and
erosion. Many of the major river basins originate
in the mountain regions.

Since the majority of developable land in mountain areas
occursinflatter portionsof thelandscapetopography found along
rivers and broad valley bottoms and on some broader ridgetops,
these areas are subject to pressure to be devel oped at ahigher than
normal density. This development pattern compounds the prob-
lemof controlling runoff for tworeasons. Typically theseareasare
subject to peak flows from not only the runoff which is being
generated locally, but also to that which is generated at higher
elevations. Increased densitiesof land useresultsinvery littleland
arealeft for absorption or infiltration. For thesereasons, it ismost
important to be as effective as possible in controlling the amount
of runoff being generated by implementing measures in upper
reachesof each basin and throughout the designwhichwill reduce
overall runoff quantity and increase runoff quality to the greatest
extent possibleinstead of relying heavily upon downstream con-
trol measures.

Two situations which require special care regarding
stormwater in the mountain areas are work near trout waters and
the potential for flooding of sites located near waterways. Care
must be taken when developing near trout waters to control
discharges which would negatively affect trout habitat. Trout
species are senditive to thermal pollution as well as chemical or
physical pollution. Thermal pollution can result from stormwater
contacting heated pavements or other impervious surfaces before
it enters the receiving water. Chemicals and sediments found in
urban runoff can degrade trout water quality and habitat.

Overbank flooding occurs along many mountain streams
and rivers on a regular basis due to the very short time of
concentration associated with the steepness of the land. As up-
stream development continues to increase, the additional flows
contributed to watercourses compound the flooding problem
along streamsin downstream areas. This should be kept in mind
when designing a stormwater management system in order to
prevent its failure or destruction by future flood events.
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Soecial Problem Areas

Certaintypesof devel opment or land use present aparticu-
lar challenge to implementing an integrated stormwater runoff
management system. Among the most difficult are the expansive
strip retail centers and distribution areas which consist of large
unbroken building footprintsand vast amountsof surfaceparking.
Sincethistype of development ismostly imperviousarea, thereis
oftenlittleopportunity for infiltration. When stormwater manage-
ment is required for a development of this type, it is usually
provided intheform of asinglelarge control measure, typically a
wet pond, which is intended to capture and treat the runoff
generated by afairly large contributing basin. Runoff is directed
to catch basins and inlets and piped directly into the wet pond.
Often the velocities of the runoff entering the wet pond are very
highand asaresult can carry quitealargepollutant load. If failure
or short circuiting occursin asystem such asthisthe environmen-
tal result could be severe, especially if thecontrol structure hasnot
been properly maintained.

The failure of a single large control measure poses
a threat to downstream areas including wetlands

and surface waters.
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Atypical shopping center park-
ing lot collects flow into catch
basins and pipes, then routes
the flow to a single large con-
trol measure.

Where space allows, a more
natural method of creating
smaller sub-basins and direct-
ing flow to grassed swales and
smaller control measures may
reduce cost andimprove pollut-
ant removal from paved areas.

If possible, a more efficient and potentially more cost
effective approach would be to design the sitein amanner which
could reducethe amount of runoff being generated, dividethesite
into smaller more easily controllable basins, and provide veg-
etated collection or conveyance devices. Buildings can also be
designed in amanner which will temporarily detain runoff gener-
ated by rooftops so that it can be released more slowly once the
storm has passed. These methods will help to reduce the quantity
and velocity of runoff and will help to reduce the pollutant load
which would be transported.

Thetypical commercial development consists of about 90
percent parking area and vehicular circulation. If there is any
means of reducing the often under-utilized area dedi cated to short
term vehicle storage and travelways, the result would be not only
aesthetically rewarding, but would significantly reduce the runoff
generated by the site. Methods such as shared overflow parking
lots, centralized parking emphasizing pedestrian circulation, and
multiple use of paved surfaces could be used to acheive this.
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Runoff generated by a shopping center parking lot could
be controlled using a series of measures which work together to
manage runoff velocity and capture pollutants. Landscaped areas
around the perimeter of the parking lot could contain a grassy
swale aong the curb line to collect and carry surface flow. Curb
cuts would allow runoff to flow off the parking lot into the swale.
Runoff would then be routed toward a storm sewer inlet whichis
raised about 6 inches above grade, then to awet detention basin,
bioretention area or other control measure. Curb cuts and raised
storm sewer inlets could also be used in depressed |landscape
islands. An underground cistern could be used, in areas where it
would be feasible, for temporary storage of runoff following a
series of control measures. Stored water could then be released
slowly or re-used for purposessuchasirrigation. Theunderground
cistern would be out of sight and would not take up valuable
surface land area. Care must be taken when using ameasure such
as a cistern, that sediments not be alowed to enter the storage
devicefor in ashort amount of time, accumulated material could
render the storage device useless. It is very important to provide
first flush control measures through which runoff is directed
beforeit is routed into the device.
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Use of a series of smaller integrated control measures will
allow efficient use of space and provide a back-up in the event
of failure of an individual component. Smaller measures are
especially useful in urbanizing areas where land values are
highest.
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Other land useswhichare apotential sourcesof stormwater
management problems are very dense urban settings which have
traditionally collected runoff from buildings and streets into the
nearest catch basin and directed the untreated flow into the nearest
stream. While it may be extremely difficult or impossible to
retrofit existing urban areas to improve runoff characteristics,
there may be opportunities to provide measures on new infill
developments or re-development which will prevent any new
runoff being contributed. Likewise, there may be opportunities
downstream of existing urban areas which could be modified to
provide some measure of control for the quality of stream flow.
Methods which could be incorporated to help improve water
quality include dividing stream flows and routing them through
vegetated areas, providing pools which will allow sediments to
settle, and most importantly, providing maintenance for any new
downstream control measures. These methodswould be expected
to be expensive and difficult to incorporate in many areas, how-
ever, any effort which can berealistically employed that will help
to improve overall water quality will result in benefitsto all who
enjoy our water resources.

Pavements contribute to impervious area and
pollutant load in urbanizing areas, especially
those which are aging or abandoned.
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Themethodsdescribed could beappliedinareaswhichare
already partially developed and contribute the runoff they gener-
ate into existing municipal stormwater systems as a means of
reducing the burden on these systems and contributing to overall
improvements in water quality within the watershed. Municipal
separate stormwater system (M $4) outfall stowaterwaysare point
sourcedischargesand are permitted through the NPDES program.
Eventhough the dischargesfrom theselocationsareflowing from
a single controlled point, a portion of the discharge was likely
collected from awide areaand began aswhat would otherwise be
considered non-point sources before being collected into the
system. The use of effective site design and land use planning
which considersthe quality of surface runoff being generated and
collected can reduce the pollutant load being carried and either
treated or discharged by these systems.

Preventive measures in densely developed areas which
will improve the quality of runoff from pavements and other
surfaces include the proper storage of potential pollutant materi-
als, awell managed street and parking lot cleaning program, and
careful monitoring of |and usagein areascontributingto stormwater
collection systems.
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Section Twelve

Cost Effectiveness

Stormwater mangement i s subject to project economicsas
much as every other plan component. In order to ensure that a
stormwater designisbuilt asintended, it must bedesignedto beas
efficient and cost effectiveaspossible; even onthemost expensive
of developments. The design of a system which is different than
thestandard solution of curbinlets, catch basinsand pipespresents
achallenge. Over time, theuse of enclosed piped systemshasbeen
an accepted solution to control localized flooding in many urban-
izing areas. Since the use of this type of enclosed system iswell
understood and can be cost effectively engineered, it has been
encouraged, and in many areas required.

Likeits enclosed counterpart, awell designed, integrated
stormwater system which utilizes the natural drainage patterns
will providethebasicfunction of carrying stormwater. Inaddition
to carrying runoff, the more natural integrated systemwill benefit
water quality by providing for agreater degree of infiltration and
filtering. When comparing the cost effectiveness of such asystem
withthat of asimilar piped systemitisimportant tolook at not only
the immediate costs, but also the costs associated with long term
operation, maintenance, and benefit of each.

Sincethe success of anintegrated system relieson the use
of prevention, source reduction practices and control measuresto
support oneanother, theamount of runoff and pollutantswhichare
generated on asite using thistype of system would be expected to
be reduced. Since the quantity of runoff is less, the sizes of
structures would not need to be as large or as plentiful.
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Appendix 2

Addresses & Phone Numbers

Central Office (Raleigh)

NCDENR

Division of Water Quality

Water Quality Section
512 N. Salisbury Street
P.O. Box 29535

Raleigh, NC 27626-0535

Phone (919) 733-5083
Fax  (919) 733-9919

Regional Offices

Asheville

Interchange Building
59 Woodfin Place
Asheville, NC 28801
Phone (828) 251-6208
Fax (828) 251-6452

Fayetteville
WachoviaBuilding
Suite 714

Fayetteville, NC 28301
Phone (910) 486-1541
Fax  (910) 486-0707

M oor esville

919 North Main Street
Mooresville, NC 28115
Phone (704) 663-1699
Fax  (704) 663-6040

Raleigh

3800 Barrett Drive
Raleigh, NC 27609
Phone (919) 571-4700
Fax  (919) 571-4718
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Washington

934 Washington Sg. Mall
Washington, NC 27889
Phone (252) 946-6481
Fax (252) 975-3716

Wilmington

129 Cardinal Drive Extension
Wilmington, NC 28405
Phone (910) 395-3900

Fax  (910) 350-2004

Winston-Salem

585 Waughtown Street
Winston-Salem, NC 27106
Phone (336) 771-4600
Fax  (336) 896-7005



Appendix 3

Sate Sormwater Management Program

The State Stor mwater M anagement Program

The program currently covers the 20 coastal counties of North
Carolina. Forinformation contact theappropriate Regional Office

Washington R. O.
934 Washington Sg. Mall
Washington, NC 27889
Phone (252) 946-6481
Fax (252) 975-3716

Beaufort
Bertie
Camden
Chowan
Craven
Currituck
Dare
Gates
Hyde
Hertford
Pamlico
Pasquotank
Perguimans
Tyrrell
Washington

Wilmington R. O.
129 Cardinal Drive Extension
Wilmington, NC 28405
Phone (910) 395-3900
Fax (910) 350-2004

Brunswick
Carteret
New Hanover
Ondlow
Pender
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