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Introduction

Municipal landscape codes supplement zoning ordinances and building codes all of which are used to build
a community.

Zoning of land divides up the community into differéamd usedntensities, uses and characied prwide

guidelines for use of the zoned lot. Most cities are zoned to ensure economic value, orderliness and to
reduce conflict between diverse use of land. Building codes are used to help design structures. These codes
followed by architects and engineenssare that construction meet specific structural requirements for
framing, electrical, plumbing, glazing and roofing. Building codes directly influence public safety.
Landscape codes are written by communities to ensure proper site planning. Essiigatiignning in

regard to land clearing; tree protection; landscape planting; parking lot design; grading; and drainage.
Storm water management, drainage and control of urban nonpoint pollutants are concerns being addressed
in community landscape codeg@ss the country today.

This document provides information that can be used to coaftmunitylandscape codes containing-on
site storm water managemenagulations

There manydesign standards ntained within this document which have been definedssistdesigners

to confront theproblem of urban runoff andonpointpollution. Appendix 1for instance sets forth several
storm water design principles that have been incorporated into the model code which is included as
Appendix 5. Information is also mvided concerning as common landscape design standards generally
found in most community landscape coddsor people new to the code writing world you will find a
complete list of technical definitions ippendix 2of this document which describe the liacal terms

used in this document as well as technical terms used in the Model Code iBe#. purpose of this
information is to assist those that draft or amend community landscape todiifess ways of inserting

storm water best management practices their site design regulationdppendix 6which is attached,
presents some specimen code language for the landscaping of storm water facilities. Information such as
this can would help a city adapt their existing landscape code to a storm watectparsigtandards and
design methodology is providetthroughout this document to ensure that urban sites caprdpeerly
landscapedor storm water managementAppendix 4 as an example sets forth a list of wonderful
Louisiana wetland plants that can bedisn the design of storm watBMPs. Technicainformationsuch

as this has been writteto assistcommunities in addressing @ite storm water managemeahd
community landscape design as a tool to managanrunoff.

Urbanrunoff is a problem thiacan be addressed in a community landscape €mtbes can address runoff

that contairs nonpoint pollutants emanating fromirban development, residential gardens and parking

areas There are specific sources (point sources) of pollution in urban aredisebatcan be found and

treated. It is not so easy to find or treat mo@pointsources of pollution. These pollutants come from cars,

pets, garden chemicals, improperly disposed of waste and highly mobile and movable sources that are hard
to find or tra&ck down. The most commamonpointpollutants include sediments, solid waste, and nutrients

such as nitrogen, potassium and phosphorous. Chemicals such as pesticides, herbicides, heavy metals, oils
and grease also are present in urban areas. These pellgtntarried about by urbamnoff and

eventually end up in coastal waters of Louisiana or fresh water supplies used by people.

The document explagin a technical manndrow to manage storm water on urban building sites where
permeable areas are limi, large amounts of land are covered with buildings, paving and parking lots.
Urban land tends to increasoff, especiallyrunoff that carriessediments, chemical compounds, bacteria
and viruses that are harmful to animals and mankind alike in higtenotmations. These pollutants float
around in storm water and settle into the environment. Cthese urban pollutants will find their way into
fresh water supplies, underground aquifensl coastal waters that providesuisiana seafood that carries
sone of the pollutants right back to mankind.

Storm water best management practices are being utilized in urban landscapes on small to medium sized
building lots to intercept tkiflow of pollutants. Some refer to storm water management as a method of
suwstainable design. And that is correctAppendix 3 sets forth several sustainle landscape design
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practices that should be included in the crafting of any community landscape Redéders will see that

storm water management, both water quality imprceenand water conservation, are major methods of
sustaining water quality. On-site storm management design allows the site to captungrescribed
percentage of sediments, pollutants and solid waste where they originate. Once captured, they can be
cleared up, destroyed or legally disposed. This document discusses some of the technical aspects of
designing these oesite storm water facilities.

Perhaps more importantlyhis documentllustrates how to designBMPs so theycan be inserted within a
communty landscape code The technical information contained within will help designers and public
officials better understand that building lots candasigned using practical storm water practices and
planting methods to capture, infiltrate and reduce theusnof runoff, sedimentation and downstream
pollutantmovement The textand many illustrations that folloprovides essential informatioto explain
how site design motivated bg community landscape code can be used to eageuthe utilization of
BMPs to manage storm water where it falls. Design details, drawspgcifications and especially the
professional case studies presentedyipendix 7 illustrate that the design of storm watKPs can be
effective and inexpensiv&xamples and technicakthilsthatare providedn the case study drawings can
help each communitya calibrate design standards ftbeir community landscape code in a way that will
work best for their community.

Controlling Storm Water Flow

Design for water quality begins thi understanding how to control storm water flovhere are several
methods of controlling storm water floused by designerdAll require site design that will slow and
control the movement and disposal of storm water. Slowimpff of storm waterdiffuses the flow,
infiltrates water into the ground adetainswaterallowing and increased amounttohe for water to filter,
percolate, evaporate or be used by plant materiakssigning storm water facilities is key to controlling
storm water flow. Thdollowing design parameters are useadaotrol storm wateand design site facilities
that clearof its water borne pollutants prior tioentering drains that lead fresh water bodies.

Diffuse flowmeansunoffis conveyed in very shallow teoncentratedlow at velocities that do not cause
erosion. Keeping the flow in small amounts through ground shaping allows the site to absorb more water.
Flow diffusers are used in areas of topographic change to transform flowing water in grassed swales into
shallow $eet flow into planted buffers, grass filter strips or riparian buffer. Flow diffusers prevent gully
erosion. Diffused flow through a forested buffer or a grass filter strip achieves a significant removal of
suspended solids.

Infiltration flow allows stom water to enter the top surface of the soil or undergr@Mé facilities

allowing water from the surface tonter subsurface flow. This subsurface flow will further slow the
disposl of water and allowsoils to clean the water by removing certain sulzstanNaturally occurring
infiltration into sandy loamy top soils or directed infiltration into sand filters or French drains can remove a
large percentage of surface runoff, sediments and certain chemicals that are picked up from parking lots, or
site serice areas that are then fixed to the site and removedrfompointflow.

Detention flowis created through site design that allows the temporary storage and slow release of storm
waterrunoff. Slow release occuryer a designed period of hows daysso that the facility returns to its

dry condition before surfacing materials such as turf grass, meadow grass or other vegetative ground cover
will perish. During detention, the storm water also has time to evaporate and infiltrate further reducing the
amaunt of off siterunoff and increasing the percentage of the design storm captured on site.

The key design strategy for diffusing, infiltrating and detaining water is reducing slope, increasing surface
roughness and increasing the time of concentratidves& three methods of water control are used to
managerunoff volume, peak discharge and water quality performance into and through a s&MPof

on each development sitdBut there are two other methods that are used to reduce the amount of storm
wate being allowed to leave the developm site. One method retainster, the second reuses the water.
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Water retentioninvolves capturing a designed volume for both temporary storage and an amount that
creates a permanent pool of water. This facilityemftalled a wet pond, has two volumes of water to
manage through design. The temporary pool of water is released over a period of hours or days to a water
volume that creates a permanent water line at a designed elevation. The second pool of watetrstays o
project site as a wet pond. This pond must have a depth sufficient enough to allow fish and permanent
plantings of wetland plants. Wet ponds not only serve the function of storm water management but can be
designed to be a significant aestheticdeaof any designed landscape through the introduction of wetland
plants, wildlife, fishes and shape. Retention facilities must be designed with critical elevations to release
the temporary pool while maintairgrthe permanent pool at eleviato allow living things to prosper.

Water reuses not only a storm water management method but a water coneatuaitas well. Reuse of

water involves capturing storm water flows and using it for-potable purposes such as turf grass
irrigation, watering yads plants, growing food or cleaning. If captured from roof water this storm flow can
even be used for toilet flushing. Since roofs generally occupy from thirty (30) to sixty (60) percent of any
development site capturing water here can go along way taneeting the capture rate percentage called
for in the local orsite storm water management ordinance.

Riprap erosion protectioris an important part of sustainable drainage design that protects erodible soils
following new construction.

Vegetationprotection is the best tool used to protect the integrity of the edges of water bodies from the
energy of moving water. Maturegetation along the edgesgifeams, lakes, water bodies or sustainable
drainage facilities such as bioswales, detentions, retentamd riparian buffers make the best erosion
preventontools available. However, following new construction the roots of plants have not yet formed the
underground web that holds the soils in place. To allow vegetatiake root, it is important to didize

high energy erodible places such as inflows, water ramps, outflows and bank edges witiprstpnEhis
armoring will protect the integrity of new construction until vegetation takes dRirap used on
sustainable drainage projects such as thékbde composed of various sized pieces of crushed limestone
varying in size from 30 to 80 in diameter.

Filtration mediaalso is used to control the flow of storm water. One of the methods used to control storm
water flow is to allow it to percolat@tio the ground. Porous sandy soils do this easily. Silty, clay soil does
not. In situations in which water will not percolate faster than % per hour it is helpful to improve soil
infiltration rates by amending the soil with a blended mixture of importddtisat is more sandy and
porous. Existing impermeable are extracted and replaced with a filtration meilieatioR media are
columns of soil in twelve (12) inch lifts composed a surface growing medium composed of sand, sandy
loam topsoil and organic rttar over a porous base consisting of sand, fine aggregates, medium aggregates,
and course aggregate. This improved soil mix is used to replace excavated slowly impermeable clays and
silty clays for the purpose of increasing ground percolation and itibitra

Evaporationis one of the best tools to use to control the disposal of storm water as part of the technology
associated with storm water flow. In the hot South evaporation can be an important method of controlling
storm water. Spreading water ovet concrete changes water from a liquid to a gas (a green house gas
called water vapor) and is a flow control technology that can be used in the design of sustainable drainage
systems. For instance, the irrigation system adapted to dispose of storncavafrod concrete parking

lots on hot summer afternoons to evaporate water as a method of on site disposal.

Vegetation desigis key to any ossite sustainable drainage program. Vegetation sucks up water through its
root system and stores much of thiater within cells of the plant and or converts the water to cellulose or
releases it as a gas. This process is called evapotranspiration and a large tree will pass hundreds of gallons
of water a day from the ground to the sky. All plants transpire watan smportant factor in sustainable
drainage design is to use vegetation as one of the disposal points irsi@ storm water system. Most
common storm wateBMPs can be designed with well selected and planted landscape plEmsmaterial

can be used todesigndrainage facilitiesuchas detentions, retentions, rain gardens, rain groves, protected
forest remnants and presed wetlands.
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Storm Water Flow Characterizatioimvolves determining all factors associated with its flow from rain
clouds to pints of disposal. There are many factors involved for which some of the more common include
rainfall source, nitensity, frequency, amourftow rate and surface character. Any design work associated
with storm water management requires calculationsmesgtis, and principles that are used to determine
flow characteristics. The prime way to deseriorm water flow iso determine the amount ddinfall, the
actualdrainage area that is producitige water volume anaihat flow rate (time of concentratipthat the

water seeks the drainage basin outfall point. In addition, to design any facilities, one must have a design
storm to work with and design a water conveyance system that will not flood during times of intense
rainfall events that exceed the dgsstorm. Finally, it is important to be able to document which part of the
rainfall event gets managed -gite from that which leaves the site and enters a centralizedvicigy
drainage system.

Performance Standards

For any storm water design methodpjao be enacted into local storm water design codes there must be
methods to measure performance. These standards are generally enacted to meet local storm water
conditions as well as the economic and political climate of the community. Common meinieagore the
performance of an esite storm water management procedure can include a. site analysis, b. storm water,
flow characterization, c. TSS control, d. Volume control, e. Capture RaRynoff rate, g.Nonpoint

pollutant abatement and h. Landtdirbance limitation.

Site Analysidor storm water management requires the use of a topographic map. This drawing must be
prepared by a registered land surveyor in which all critical site information must be accurately located. All
high points, low poits, site infalls and outfalls must be identified. Critical topographic spot elevations

must be found for existing features and along each property line. Slopes must be plotted with topographic
lines at a one foot contour interval and slopes to stedpueloped must be noted. Important site features

such as drainage ways, wetlands, and unique or regulated habitats must be defined. Trees, tree groves and
other important site featusenentioned in the landscape code must be identified by species, dnaglitioh

for all trees over six (6) inch caliper at four and one half feet above grade. Finally surface conditions
according to standamdinoff coefficient amounts must be noted.

A pre-application discussion with the city storm water Engineer is encoutagéetermine the limits of
storm water site analysis and to define all storm water design criteria. Several elements of the site analysis
includebut are not limited to the following are helpful.

. Land usedensity, impervious surface area, and totehaf the development site;

. Location, topography, esite and offsite drainage conditions;

. Upstream and/or downstream volumes, discharges and velocities;

. Backwater impacts, effects on existing upstream and/or downstream drainage conveyaies facili

. Ability of natural drainage channel to convey additional volume, discharges and velocities;

. Adjacent public storm water conveyance devises, sizes, volumes and storm water disposal sites;

. Potential mitigation measures; and

. Delineation of prennial and intermittent streams, jurisdictional wetlands, water table elevation, soil
types, and regulatory FEMA Special Flood Hazard Areas.

O~NO TP, WN P

This site analysis and the conversation becomes the basis of the design of the site plan, grading plan and
drainage plan. Elevations and slopes can be used to predict how the existing storm water train operates and
the amount of storm water that flows onto and off from the site. The drawing and its elevations, slopes and
surface conditions can be used to calculateff both during predevelopment, and after development. This
volume in gallons or cubic feet per second (cfs) becomes the mathematical base for all storm water design
calculations.

TSS Contral Storm water treatment methods and or facilities must bgmito achieve a standard for
the capture and elimination of total suspended solids, TSSis listed as a conventional pollutant in the
U.S. Clean Water Acand includes such elements as solids in water that can be trapped by a filter of a
designatedize. TSS can include a wide variety of material, such as silt, decaying plant and animal matter,
industrial wastes, and sewage all of which impair water quality. A removal rate of 85% is recommended to
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apply to the volume of post developmentoffresut i ng from the design stormbés on
Storm wateBMPs can capture various amounts of TSS including:

1. DryPonds 47%
2. Wet Ponds 80%
3. Sand Filters, French Drains 95%
4. Vegetative Filter Strips 86%
5. Planted Storm Water Buffers 86%
6. Bioswales 81%
7. Wetlands 76%
8. Preserved Forest Floor 95%

Volume Contral Most community drainage ordinances require that storm watesff from developed

sites not exceed the amount from the-geseloped site for a design storm of a specifiedueacy or
duration. This may be a storm of a two (2) year frequency for a tvieaty(24) hour storm event. But a
community landscape code adapted tesid@ storm water management can set a higher standard by
requiring a specific capture rate (CR) thall Wwold a specified percentage of all rainwater falling on the
development site for a specified rainstorm. This water can be captured in various storm water BM Ps

including;
1. Parking Lot detentions 20%
2. Rooftop Recycling 40%
3. Rain Gardens or Rain Greyg 20%
4. French Drains and Sand Filters 15%
5. Wet Ponds 45%
6. Preserved Wetland 75%

Capture RateThe capture rate is the amountrainfall thatshall be retained and infiltrated, evaporated or
transpired through plant material from each storm. Waiter quality criterion can be achieved with the use

of storm wateBMPs. If rainfall from a roof and parking lot from a one (1) inch design storm isucaght

and retained on site, thesixty (60) percent of a one (1) or two (2) year design storm camajmeirred. At

the very minimum, each development site must retain a minimum of thirty (30) percent of the design storm
and remove it from the storm wateritt@ prevent the movement afonpointpollutants todownstream
locations.

Rurpff Rate Obviously,if the minimum capture rate is thirty (30) percethienthe runoff rate is seventy
(70) percent. This amount afunoff should be filtered in storm watd8MPs such as grass channels,
bioswales, storm water diffusers, grassed filter strips and riparid@rdyiior to its release at the site-out
fall to the storm water train. The pasvelopment storm water runoff rate leaving the site shall not exceed
the pre-development (existing conditions) storm water runoff rate leaving the site for the lgeal 24

hour storm event.

Normpoint Pollutant Abatement Other chemicals, bacteria, compounds and even viruses are contained
within storm waterunoff. The EPA has defined over one (1) hundred components of urban waste that can
have detrimental affects on midnd if collected in large concentrations or are allowed to enter potable
water of the food chain. Each development site in urban areas shall be required to interrupt the flow of
these pollutants. Each community should set standards for the captuetesmiddn of the following;

TSS

Phosphorus

Nitrogen

Nitrate and Nitrate Nitrogen

Copper

Zinc

ogkrwnE

These elements can be removed in significant amounts with the use of the Dry Ponds, Wet Ponds, French
Drains, Dry Wells, Sand Filters, RipariBuffers, Microdetentions, Bioswales and Constructed Wetlands

8 I Model Storm Water Based Landscape Gede-8 §---------- Louisiana Department of Environmental Quality
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Land DisturbanceMinimization Limiting the disturbance of land is one of the best methods of managing
storm water orthe development site. If a site can be developed using low impact devethbpatnategies
that preserve trees, wetlands, grassy meadows and native ,habditat n nat ur eds system
management can provide benefits to the community. A community landscape code should require as a
minimum that the following critical landape features not be destroyed in the development of property;

1. Wetlands

2. Unigue habitats of mixed and layered forest

3. Steam side edges

In addition, a community landscape code based upon storm water management should require that a
minimum of twenty20) percent of the site not be disturbed through clearing, grubbing, regarding, cut or fill

and that this land be set aside as property line buffers, street side buffers and connected site open spaces
that can be used for the introduction of vegetatiorthasorm wateBMPs such as landscape storm water
buffers, riparian buffers, bioswales, rain gardens, and rain groves or the preservation of existing tree canopy
coverage.

|
PLANT MATERIAL TO CONSIST OF MAINLY WETLAND SPECIES. SELECTIONS MAY INCLUDE:
BALD CYPRESS, SWAMP RED MAPLE, VARIOUS HYDROPHYLLIC SHRUBS, GROUNDCOVERS
AND FL VERS. IRISES, WILDFLOWERS WELL ADAPTED TO
MOIST CONDITIONS SHOULD BE CONSIDERED FOR VEGETATING DETENTION AND RETENTION
AREAS.
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Fiéure 1.Typical Storm Water Facilit)Site Plan

Common Ste Plan Elements

The site planseen inFig. 1 showsspecific information about proposedandscapealesign.It will show all
existing structures locatesh a development sitprovided in the site survey. If the site plan is for new
construction then d proposed structures, utilities and landscaping is shown in a generalized way
appropriate to the scale of the drawing. The common elements of the site plan includdipalp
building and all ancillary structures including service buildingsarging areas driveways walkways;
building terraces (courtyards, patios, gallerida)ilding entries building service ares and pecialized
planting areaggardensgame courts and othsite open spacés

Landscaping elements of the site plan are creatednformance with the local landscape code.

But perhaps more importantly for this discussion, the site plan must show key items that are related to other
drawings that are to be prepared when using the site plan as a base drawing. In the case padee drai
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plan, it is important for the site plan to show all drainage control features including catch basins, manholes,
location of underground pipe, head walls and all storm water best management prBéfiesstiiat will

be used to slow, detain, retaingah, disconnect and infiltrate tipeescribedcapture ate of storm water

falling onthe site.

These elements, or some combination of tham usually found on every site plan. Each element has one
or more special uses that must be accounted for inlés@n. Each element must be properly sized and
built of specific building materials to accommodate the intended use. Therefore it iootmtabel all of

the above on thsite plan to identify their exterigcation and relationship to othsite uses.

The Site Grading and Drainage Plan

The site grading plan shows relative vertical relationships between site features while the site drainage plan
shows how water is collected, infiltrate@hnwveyed, treated and disposékhe drainage plan will also show

all site construction needed to conduct storm water flows including, swales, ditches, sheet flow areas,
curbs, catch basins, man holes, parking lot detentions, pipe, headwall and public conveyance facilities. The
latter may include ditches, outfall canadsid storm water drains.

The drainage plan consists of two drawings. One is the drainage plan showing the location of curbs, gutters,
catch basins, manholes, underground pipe, headwalls, and stormBMfsr The companion drawing
contains details, seotis and calculations showing elevations and specifications as to how the underground
system is to be constructed aBMPs are to be installed.

Together the grading and drainage plan is designed to capture and massitgeaocertain percentage of

the defgn storm in order to traponpointpollutants originating on your site. This is referred to as the
capture rate (CR) and may vary from 15% of storm water to as high as 60%. The capture rate will be found
in the community drainage code.

The siteisusal | 'y gr aded t gite graédmd prircipleésd iatsi aneanlt i @ned bel ow.

lines must correctly labeled and drawn properly. All buildings must be handicapped accessible with a ramp
that does not exceed ADA Snishafioa eavatien (F&FE) as8vil a¢ finislh 1 2 6 )
grades FG at all building corners and outside of any attached terraces, patios, walkway connections and the
like connected to the building. Building roof areas musintdwaunderground catch basins or stowater

irrigation cisterns. This allows roof water to be recgdteo turf grass areas and into landscape beds.

es

Parking surfaces muOsOtd )b ei fgrcaodnecdr ead % ( o8/ @ads@pyhlail ft , ofor p al

paving or unit masonry products used ibfiltrate rainwater into the subgrade. Parking surfaces must
dranto bioswales and then into parking lot miatetentions where it is allowed to infiltrate, evaporate or

be used by landscape plants. The slope of the bioswale shall not exceed 1% iagdgtatktentions shall

not be deeper than 240 in depth. Spot el evations
at top and bottom of all steps, ramps, curbs, walls and any other abrupt vertical elevation changes.

Walkway grades shal ot exceed 5% (16/ 2006) , -ongratgused fohstofage n ot
shall not exceed 3% (16/336) .

Use vertical curbs only as necessary to direct storm water flow, use slotted curbs for pass through drainage
into bioswales, parking lot conea planters, parking lot detentions. The grading plan shall show all swales
including swale high point (SHP), swale low points (SLP), swale slope arrows, and swale center line.

For the design of the site drainage plan it is importarshtov all high poits (HP), low points (LP) and

outfall elevations of the site. These outfalls will generally be drainage ditches, underground storm water
drainage pipe systems or natural streams. However many communities no longer allow site drainage to go
directly into naural streams without pretreatmenttiwvistorm wateBMPs. Therefore I runoff must be

filtered with the use of aninimum widthtwenty (20) foot wide stream bank bufferior to being disposed

of into streams. Some communities still allow rainwater te fdf site into street catch basins as long as
flows do not flood streets.
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An adequate numbef slope arrows and rain arrows must be shown on the drainage plan to allow the
contractor to understand the grading concept and to properly locate all draleagmts. This drawing

must show and size all catch basins (CB) and underground pipe used to convey storm water to sustainable
drainage facilities or legally disposable public ditches, storm water drains. No drainage should be disposed
of in fresh wateor public water supplies.

The design slope for all lawns and landschpe d s s hal | b awn aréas ¢r méwalileOstbpes L
shallnote x ceed 33% (16/ 36) ower33% shallde nhturalizetl plamtings.Aawns skdll o p e
be graded at 1%.dwns shall not comprise more than 30% of the development site open space to minimize
the use of irrigation watema lawn maintenance chemical&radesshould be designefdr positive runoff

to onsite storm water facilities after filtering and cleaninghwstorm waterBMPs. The design should

dispose of remnant water in natural wetlanifise grading plan should be designed to allow no more than

sixty (60) percentof site rainfall torunoff of the site. Forty(40) percent must be detained and disposed of

on site by disconnection, infiltration, percolation, evaporation and etvapspiration. Use appropriate

Storm Water Best Management Practid@®P) to manage storm wateCapturerunoff from the building

rooftop for use inrrigation and direct all parkg lotrunoff to a nearby parking lot detention, bioswale, rain
garden, vegetative swales, or planted storm water buffers.

As a general design rule of thumivhen rainfalls on a constructed developmersite the following
estimatedwater dissipatiomates prevail under normal conditions. The percent given will vary by season,
temperature, time of day, slope, distance to disposal and coefficientadf.

a. Evaporates before hitting the ground. 2%
b. Infiltrates into the ground. 10%
c. Evaporates on thground. 3%
d. Trapped, stored transpid by vegetation on the ground. 5%
e. Detained on the ground. 5%
f.  Flows off of the site 75%

Therefore a capture rate (CR) of 40% is difficult to accomplish. On most development sitesnfall on
rooftops and parking lots amount to 60% of the storm water. If this \elirecan be captured, retained
and recycled as irrigation or nguotable water for building functions a large amoofstorm waterunoff
can be captured and reused as a resoBtem waterBMPs designed into an esite storm water
management system can very easily reducerwiteff by forty percent in volume by retaining just fifteen
(15) percent of the water thadw runs off through street curbs, underground pipe ondjiehes.

Storm water calculations are generally required by public agencies. Often these calculations are shown
directly on the drawings. Calculations should be prepared to provide essemtiafdraformatntoshow

the adequacy or accuracy of the plan. The total site area (TSA) must be determined to cainfdite
volumes for various storm events. From this amount, the total permeablePAjedatd in which water

will not infiltrate, can be subtracted to determine the total site open space (OS). It is within the site open
space that all plantings and storm wa&&tPs will be found. The relationship between TSA and TIA is the
open space ratio or the site permeability ratio. A site regua minimum open space ratio of at least
twenty (20) percent to effectively use surface storm wBlkPs. But designers can easily achieve a higher

ratio by using porous paving and maintaining a minimum of ten (10) percent of the native habitat protectio
areas (HPA) such as tree groves, fence rows, wetlands and steep slopes existing on the site. Low impact
development site development strategies can help make this happemermeability ratio of site is
TIA+HPA/TSA (total impervious areplus habitat ptection arealivided by total site area). This will be

the area of the site that may be used for storm water infiltration.

Site area calculations can be compared to total site rainfall or a designated design storm. The design storm
will be determined ¥ the local department of public works but for purposes of this discussion, this can be
assumed to be the first flush (onehhof a ten year design storm ®# inches in twentjour hours. This

volume is used to calculate the flow of water across tieeasid the time it takes to concentrate at the site
outfall. These calculations can be done with the use of storm water flow formulas sachmeadified

Rational FormulaQ = cia. This formula allowsvater quantityrunoff coefficient, site area, and émisity of

the storm to be evaluated.
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Calculations and or specifications must be provided to shovdiaibage basins. The area of each must be
calculatel to determine the amount of water flowing to each catch basin and from there to points of
disposal. Weer collected in each stiasin shall be calculated to show volume collected in each drainage
basin in cubic yards or gallonBinally other information is provided on the drainage plans. This includes
information about catch basingdergrouncpipe andsurface area storm watBMPs.

It is general practice to show location and specifications and number for each catch basin or inlet within
each drainage basin. Specifications for each catch basin include CB number; size and type; rim elevations,
bottom ofcatch basis (BOCB) elevation; and pipe inverts. In addition it is usual practice to show drainage
pipe data including size, length and slope. Include information from drainage engineer in regard to flow
time in minutes, Discharge in CFS, and Velocity 81dl from standard Pipe Sizing Charts.

The drainage plan should contain a schedule of the storm Bistes. This schedule should show name,

size and type of the minor storm water facility. Show on the schedule the total treatment volume in cubic
feet and gallons for each individu@MP and total capture volume for entire drainage system. This must
equal the required capture rate or 15% to 60% of the design storm as mentioned above.

Storm Water Details

Detailsare used to build all of the site featsirghown on the site plan or the drainage plan. Typical site
details include details for pavement, curb, gutter, drainage structures, walls, fences and details for lighting,
planting and irrigation. For the purposes of this discussion storm B&tEs arealso shown in detail

views. These details will show the size and depth and cross section of each minor storm water facility.
Provided on each detail will be dimensions, labels and specificattpesial design information is often
included for some ofhie technical aspects of water management. These might include design details for
inlets, overflows, monitoring wells, enclosure berriiaw diffusers trash racks, riser outletand energy
dissipaters Details are often drawn as section, elevation or ptawhich building materials are shown,
connections, joints and fastenargprovided along with generalized specifications, sizes or dimensions.

Together, the site plan, the grading plan, the drainage plan and storm water details must be drawh as part

the package of drawings needed for permit review and for the contractor who will build the site. When

combined with the planting plan, irrigation plan and other details the entire construction contract package is
preparedo gooutto bidto experiencedontractors.

General Design Guidelnesfor Post Construction Storm Water ManagementFacilities

Purpose There are sever&MPs that can be used on each developmentf@iteustainable storm water
design. Thes8MPs are selected to meet the objectivefittering, infiltration, evaporationtranspiration

or reuse Although theremay be a specific purpose for the design of Bi@P being designed, the over
riding purpose ion-site storm water management amdter quality improvement. The speci8viPs to

be used should be the one most capable of meeting the performance aritlerségn metrictisted below

as well as the nature of the site in which the facility is to be designed. Vartpography, solar access,

soil type, infiltration rate and @osure all play a part in the design of a successful storm water treatment
facility.

Designing storm water facilities is a very important part of site deSigaditional storm water esignas

has been practiced in the country for over a hundred gefiests, conveys and disposegahfall. Water

is collected in catch basins, conveyed through underground pipe and disposed of in underground storm
water drainage pipe, open ditches, or fresh water streams. This approach usually conveys sediments,
pollutarts and sbd waste to fresh water bodies or expensive treatment facilities. The green approach to
storm water design is to see storm water as a resource that should be conserved and managed. Green storm
water desigriilters, collects, detains, cleans, slly conveys and tglly disposestormwater

These several distinct steps that@ken in managing osite storm water that conserves, reuses, infiltrates
and detains a prescribed percentage of the water on the site in which ifffaidsteduces # volume of
down slope flow ofunoff, (the storm water train) by a meaningful percentage, reduces flash flooding and
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captures any water borne pollutants where they originad®. easy to remember diagram of this-gite
stormdesign process;is

Filter A Collect A Detain A Clean A Slowly ConveyA Dispose

Site design for this process can consist of many factors all of which must be carefully considédrere
are fifteen (15)esign factors to be considered in the design gpfaarsite storm water treatment facility

Some combinatioof the following desigmmetricsare usedy the designeof any particulaBMP selected

for its applicatbnto the curent drainageproblem to be solved. These design factiokolve physical
characteristics that must be designed to size the facility to do its work of managing storm water. The
characteristic that the designer must deal wéth best beinderstood in glance affable 1as well asand

in the discussion that follows

FACTOR

PURPOSE

Siting

Drainage Area
Grading

Design Storm
WaterDepth & Volume
Size (LXxWxD)
Capture Rate

In Flow

Flow Through

Filtering

Pretreatment
Cleaning

Disposal

Outflow

Overflow

Soil Filtration Media
Construction Materials
Vegetation Cover

Solar, Wind Access

Locaion of facility selected by site analysis
Determine volume of water

Determine slope to move watand general form
Intensity, duration or volume of water

Amount of water to be managed

Area of the site devoted to storm water

% of design storm treated on site

Point inflow and its construction

A process which treats the storm

Vegetation filter to clean watef suspended solids
Removal of sepended solids aprimary basin
Infiltration, evaporationtranspiration, reuse
Release into approved public drains

Amount of treated water flawg through the system

Excess design storm that leaves the facility untreated

Soil flow rates existing or designed for the facility
Selected to manage flow or detention of water
Planted materials designed to treat storm water

Climate conditions affecting treatment of water

Table 1 FactorsUsed in the Design of Gsite Storm WateFacilities BMPS)

These factorare all used to control fundamental physideh®ents of the landscape design in regard to the
design of storm water management facilities as seéfigin2 They include site adaptatio(SA), storm
water flow (SF), totabuspended solid abatement (TSS), volume control (V), capture rater(@ippint
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pollution ab&ement (NPA),runoff rate (RO) vegetation filtering (VF) and land disturbance limitation
(LD). Each factorcan be thought of as a storm water design metricntingtit be considered in the design
of aBMP.

Figure 2 shows in diagrammatic form a typicalsite storm water management facilapd its physical
features. Plant materials as noted play a significant role in water cleaning

Siting One of the mostmportantconsiderations when designingstorm waterBMP is to site it on the
development site where it can Ifienctional as well as an amepito the siteand its surrounding.
Sustainable drainage facilities should not be something so umitibgreand isually disruptivethat it

should be hidden or screened out of sight. The storm water facilities should be looked at as a natural
occurring landscape feature that can fit in well with a site designed for residential, commercial, industrial or
recreationaland use BMPs can be located in any site open space or within designated landscape zones
prescribedby local landscape codé&torm

water facilities can be sited near buildings,

parking lots, roadways and within street

yard or side yard buffers. Some desgs

feature these facilities by siting them as

open space feates that many people

accept as naturally occurring ponds,

wetlands, forest floors, streams and

meadows, terraces or savannahs. Perhaps

one of the greatest skills landscape

architects bring tothe design of storm

water facilities is to make them blend

togetherin a natural appearing harmoiry

which nature complements building and

building construction complements nature.

Always site storm water facilities at the

lower elevations of building s and at a

location near the sife storm water oufall.

Street yard planting areas, side and rear

buffers make ideal locations to construct

minor storm water facilities. Parking lot

retentions and bioswales can all be associated Figure 2. GeneralizeBtorm Water Facility

with the vehicular use area. French drains, dry wells and irrigation cistegnisest sited near buildings
where they have immediateass to rooftogunoff. Rain gardens and rain groves are best sited within
open spaces and open lawn aredige planning the location of the facilityamimportant aspect of design

Gradingand General FormSite grading is of course veimportant inorderfor storm wateffacilities to

function properly. Tie site must be shaped with elevations and land forms that will attinm water to

flow from the high points to specific site efatlls. Site grading must createstorm water train that will
trangort water within sheets or concentrated flows in which all water falling on the site is captured and
managed on its course from the clouds to the sitefatiutThis requires sculpting land forms setting
gradients, positioning elevation pointsdacoverirg the surface of the ground with turf grass, woody
vegetation and or paving. Each of these materials are graded with slopes that vary from one (1) percent to
three (3) percent. Grading at steeper slopes will move water too fast to allow for infiltradicaracause

scour, erosion and sedimentation. The storm water designer must be an expert grader of sites and land
forms in order to manage the flow of water across and though a developmenTkéegorm given to the

design of the facility is one of th@ore important considerations of the design. Firstfée must be
designed to matcthe work that is to be done by the storm water facility. Second, how does that form fit
into the general site conditions on the properyf?designed storm water fadiles need to visually blend

with the site.lt is really importanthat vegetation type storm water facilitiee designed witta form to

appear like a natural feature time landscape and nottygpical storm watefacility merely constructed in

place withconcrete, steel, brick and mortar.
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