- P
|
f

o
‘x ; Project Designer

gnivémy

rKe
" | =

' %

e .
e 1



44

...in many cases the first flush of

stormwaterinanurbanareamay
have a level of contamination
much higher than normally

present in sewage...

raigy Carpteel and Mchas! Ogden,
At i ! n the Systsfnabie Landscaoe

impervious surfaces
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What n‘ urban
stormwater
mfrastructure
enhanced"
“ecological
fu nctioning
to SEerve as

rather th an-ark.&

environ mentaj e

liability?



s the largéat:
*sector in the.
United Statese

. “The Biology of Lawns®,
Discover iy 2004




“ o :'!"'..I.' %

By replacing the stream

=4

pie T

-~ .urban stream sync rome

Ll

i

A







water contamination

[ —






hard engineering soft engineering

Some believe that ecologically-
based stormwater management
is unattainable in dense urban
areas, but consider the following. ..
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hard engineering soft enl

enng 2, 0
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biological

. polluted ot x\l !’:-:ul uted runoff

pollutants

bacteria

petroleum -based products
sadimant

heavy metal

artdizer




hard engineering . soft engineering
...just transfers pollution ...metabolizes pollutants
to another site on site—parks, not pipes!
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comenticnal management: *pipe-and-pond” infrastruciure low impact management: watershed approach
chain, direct, dapatch slow, spresd, sask



integrating hard engineering

flew condrol

detention

ralention

slow

flow controk The requlation of
stormwater nunoff flow rates

detertion: The temporary
starage of stormwater ronoff
in underground vaults, ponds,
or depressed aress o allow for
metered diecharge thal rechace
pe=alke Flow rates

retentian: The storage of
starmwater runoff o site to aiow
h‘éﬁ:lrr-en:aﬁm of suspended
solids

...and soft en

gineerin%

toward a LID approac

{iliration

Infiltration

{rasiment

fikration: The sequestration
of sedment from stormwater
runaff thraugh 3 porous meda
such as sand, 3 filbrous root
systern, or @ man-made filker

infiltration: The vertical
movement of stormwater
rurctf through sail, recharging
groundwater

3 soak

treatment; Processes that
utilize phnderemediation o
bact=na colonmes o mataboiize
cmterllminants in stomwater

[0 ot i



What is LID?

Low Impact Development (LID) is an
ecologically-btased stormwater management
approach favoring soft engineering o manage
rainfall on site through a vegetated treatment
network. The goal of LID is to sustain a
site’s pre-development hydrologic regime by
using techniques that infiltrate, filter, store,
and evaporate stormwater runoff close to
its source. Contrary to conventional “pipe-
and-pond" conveyance infrastructure that
channels runoff elsewhere through pipes,
catchment basins, and curbs and gutters,
LID remediates polluted runoff through a
network of distributed treatment landscapes.

N
media and processes of LID

Stormwater infrastructure can
be planned to deliver valuable

ecological benefits to botanize
the city...




before construchon after conatruction

duning construchon
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amend soils
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== Imtegrated Pesl Managament: Furple Maring and bats can eat
amywhere fram 200 to 300 mosguitoss an hour, Cther predators such
~ a5 dragonflies and fisk ediminate larvae i water
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yaar 1: initial planfng and sail
shed, system is salf-sustaining

amendnent if necessary, rool
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ar2: roct sys 5 estab-
ished, addtional vegstation
infroduced, miremal habitat
created
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establishment stage » increasing resiliency » maturation stage



Redundancy
Too aawiicd sy sbernibe fallune | Le., flooding) facilly iedundancy
iz imiportant in LID dasign, While some facilifies may wark

i
b

Fre el =y

Applying LID: Water and Site

Designing for LID reguees an  undamslanding  of
hydrodogy, the science of water oocurmence, distrbiution
anel movement on a given sité or area, The initial phase of
LID design must charactesize the site's natural lwdrology,
connaciivity up and down stream, locaton within the
catchment area, and on-sile flow paths

Urderstanding the amount of precipitation thal typically
ocours inan area s impottant lor site planning and
slormwater  design.  Praciplalion occurs In differont
durations, amounts, and mtensites, classified as storm
avants, & stom event B mfemed to in terms of a year,
such as 10-pear storm event. This terminalogy can be
misleading, as a 10-year avant does not indcate that it
will occur once every 10 years, but rather that there is
a1in 10, or 10 perceni chance of that storm occuming
in any given year, In other words, while thers s only a
ane percent chance of a 100-year stoom event happening
evary year, i doas not mean thal a 100-year slorm avent

can't happen hwice in the same year

LID Design: Redundancy, Resiliency, Distribution
[l-planred wrban developmeant results in the loss and
fragmentation of ecological habitats, as well as the ralated
Inss of ecological bindversity, Design principles can be
Introduced fo increase the level of ecological sewvices
in urban inhastructure, Thase principles of redundancy,
diversily amd dislibutlon replicate ecological processes
optimiring the landscape’s canying capacity and resiliency
in urban infrastructure. Utilizing ecological enginesnng,
these principes treat stommwater thiough a network of

landscapes that slow, spread, and scals runoff

S

well in isolation for first flush amd small storm events,
a distributed circult of facillties creates redundancy by
connecting  facilites In mulliple routes, The alternate
initas i a nebaork redoce the elfects of gaps, increasing
performance and kevels of sarvice, For larger storm events
(up to 100-year} and sites with poor sodls, conventional
(hard} and ecological {soft) engineering may be combine:d
Io ereate a hybrid system conmected through surface
[zcilities and urderground comeyance

Resiliency

To maximize ecological berefils, LID design should
meoiporate multipls LID facilibes (see “What are the LID
Facilities® pp. 142-187) with different levels of service
Using @ diverse amay of LID facilfies that slow, spread,
and soak stormwater assures full treafment capacity and
nxsiliency in fhe system. Fackes that simply control Tow
and store stormwater shoukd accompany more b
facilifies that fitter, infiltrate, and freat stormwater,

To oplimize resiliency, ecosysterns must be able to adapt
fo melabole allemtions o thelr environmesnl induced
by external or intemal machanisms. Biokgical diversity
increases resiiency, enabling LID tacilities to withstand
shocks and rebulld dself when necessary. To obfain
optimal resilience i is preferble o mmic natual systems
that include fueey edges thal enrich tha system and avoid
hard engineered designs characterzed by ectangular
baging and rigid channels.

Distribution

Distribution, or a dispersed spatial amangemen! of LID
facilifies, optimzes the full camying capacily of a site
and avoids pitfalls associated with concentration, Water
guality and quantity lunctioning ane cumalalive o Thal
even vary small facilities will provide benefits to the overal
aystem. Lsually, several small fac#ties will provide greater
treatment, habitat, and avoidance of sensitive areas than
ane lage facility.



~ How can we
implement LID?

LIC coneepte are gcalahle fo varous sized projscts and
bnd-use types, Diiding wiban development info s
consttisent - components —buildng, properly. street and
opet space—lustrates stakeholder action opporturities
within sach component. The gaoal i= not jUsl to midimize
ropact, but to°deveiop regenerative and productive urban
Endecapes that continuslly rensw ecasysiem funclioning

building

design the
buildng a5 a
nelenergy
procucer that
recheEges
groundwatsr
and rervests
rairwater

propery

subsiitule
an ecciogi-
cally-based
stermseater
treatment
gywshern for
an othansise
checor tlve
lardscaps

strest

design the
sireet as 2
garden fo
achieve fratlic
calming and
stormwater
managenment

opan spaca

comprehen-
shely plan
OpEn Space
55 3 green
rietevork

that delkvers
vital ecolo-
ol seraceg at
the ecale ot 3
watiershed






How can we
A transform the
£ roof?

How can we
transform the
walls?

How can we
transform the
ground?




i | ...oneinch
OOf Mate rI al S Euildng of rainfall on a 1 000 sq.lare—font roof yie Ir:l about 623 gallons of water.

?"

wood shingle vegelated roof
Le il : ] a day ] £ a1 S5

¥ safe harvesting potential
Harvesting ramwater from
these surfaces s safe for uge
on edble landscapes because
thay do nol poge contaminatin
righs, bulwill reguire filtration
and disnfection for potabde
[dninking) water uses,



Wall Facilities

—

aliminating
autlers

disconnecting/replacing/diminating gutters

If you have & guiter system and it's cornected with pipes to
the streat stomn drain, dzoonned it and keep stormweatsr an
site. If gutters are removed, be sure that the dip edge drects
muncH ta LID fadiites thal slow and spread stormwater runaft

Compared to rain feaders, rain chaing have better attenuation
capacity for one to twe-year storm events, howsver, during
10 to 100-year storm events oround based fadities wil be
needed to attenuate beyond the capadty of raln chaing: THs
[fustrates the impofance of redurdancy where each faclity
weorks in tandem to support the other, Mo facility is [eff isolated

)

building Cistern water quality in some cases is better or equal to well water quality.

ranwater harvesling

Connecting a cstem or tank o an edsting quiter system i the eamiest
solition for harvesting stamiwater, However, osterns mist be protected
fram sunloht o prevent dgse growth and sereaned openings are neaded
to-prevent mosquitc lavae propagation. Flesidentid cstems typicaly store
amywhers from 100 to 2500 gaflons {se "How to Harvest Ranwater™
oo, DE-5T ) Metd o oreen roofs are best suited for ranwaer harvesting.
Ary averfiow should be dverted to & on-site LID facity. Reinwater
Harvestingpp. 158-153

vegetated saeens and walls

“egetated walls and screers are ewxpensive LD facilifes
Howeaver, they offer collateral bensfits such &= higher air quaity,
rediced heat island effedt, bulding insuation and enemgy
efficiency, assthetic appeal, and filtration of root stormwater
runoff that can be conveyed or harvested. Vegetated Wal pp.
1GE-T62



For convenfiona reofs, splash blodks and rods swales can
fransition vertical starmwatar flow in tandam with LID faakties
to aid in horizontal network: distibution; Rod: swales show and
comvey stormwater runctf, ading like a dry creel bed that
recelwes and disinbutes concentrated nnaff. ‘Where stesp
grades are 3 concen, the rack swale may need to be lined with
gectedile fo prevent urdercutting. For larger roof aress, wide
rock swaes and flow confrol devces, liks level spreaders, will
bie needed, Fiow Control Oevices pp, 145-1449

buildng

baow-grade storage

Cennecting below-grade storage devices foan existing guiter systerm
facitates out of sight rainwater hanvesting. Like on-grade rainwater
harvesting syetems, stormwater must be protectad from sunlicht o
predent algae mrowth and screened openings are needed to prevent
mosguit lavas propagation (ses "How loHavest Ranwater pp. 5E-
571 Metal or green rocfs are best suited for rainwater harvestng

Any overflow should be diverted fo an on=site LID fagility, Aanwater
Hawesting pp. 158-155

enhanced wban ecologies

By implementing a biodverse freatment tran across the
proparty, starmwater can be filtered, infitrated, and treated
to improve water quality. These faclities can be desioned as
hahitat for local pallinators and seed distribotors, such as bees,
butterflies, and migratery birds. LI landscapes are highty
productive and sef-organizing, and providie greater aesthetic
value than tur lawrs at a fraction of the requred maintenance
=2 "What are the LID Facilties” pp. 142-143)






property N I,

How can
we increase
biodiversity?

How can we
introduce
productive
landscap es”

How can we How can

increase on-site : we minimize
infiltration? ' impervious
A surfaces?



From Industrial 10 g
LOW lm paCt LaWﬂS ;n:p:rb, “...thelawn is one of America's leading crops.”

“Hl information on thess two pages from Ted Steinbeng's Amencan Greenr The Ohscssie Cuest for the Porfoct Lawn

the industrial lawn tha low impast laem

a linear frain of inputs and wastestreams aregensrative, dosed loop system

the problem of [+ awn care productive lawn
over-feril n iverahy L care 5 age aized




Botanizing

Lot nd Lawn

reduce impervious surfaces

Since impendcus sufaces do net allow for infiltrafion of
stammwater, polluting substances that come infa contact with
hard surfaces are concentrated snd channelized duding a
stomn everit, thus compeunding polluted runott dystunclions
Feardeas surfaces increasze on-site runofl infiliration and present
fhe transfer of pdidicn problems to znofher site. Pendous
suraces shodd be used al the begirning of the treatment
network to slow and fitter sediment betore stormwater runcoff
reaches secondary LD facilities for treatment. Pendaus padng
iz appropriate for parking zones and occasionally used drives,
bt ghould be aveided in high traffic areas

T

enhance lawns and lots with LID r eatment facilities

Fain garders are an ecdlent way to increase on-site infillraton witten
edsting lawns, They take advantage of low lvrg areas as naturd
colection pants for runoff and tolerate periods: of extreme weliness
and drought. In addtion to aesthetic benefits, ran gardens faclitate
biorermediation —the nemaoval and brealdown of polluends through
plart processes, For parking lots, fresislands can be ransfomed mio
stormwater freafrment fadiities by cutting o remosing cors and sirkdng
Eskarwcts Bo recebee stammsater runatt from impendous sufanses,

urban lawn could produce several hundred pounds of food a year

“The average

N .

remove high maintenance vegetation in favor of xeriscape
The ndustralized lawn’s e opde costs for imgation, tuf seed,
chesmical fertiizer, herbéodes, fud and eouipment, aid waste
marsgement of lawn dippings, are substantial, while their shalow
roat systerns proside little infilration o ecological sendces, On
ther other hand, xediscape lawns have significard econommic and
emdrormental benefits, such as increased biodiversity, food
production, on-site rfilraiion, and low mantenance. A muti-
species miv of native grasses & alreacdy adapted to an area’s
dirnate and able to exsl a5 a stable plant community. Mative grass
lzwrs provice the same sppearance as non-native monooutures,
and crly require mowing every thres to flve weels




Property owners can implement varying degrees of Ko ke
LiD on their fols, g
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=22 One-third of all
LOt DeSIQ ﬂ pn:pu:urt:.- residential water use in the US is currenﬂ!.r used for r::"ldscaplng.

filtration

e
BTy e Yins ™ P P o
Use pariows pavng for wals Lima rain gardens 1o treat the Replace industial lwan with
and dives, Pendous Fanng pp first fhushof any stom event xeri3caps lawn o Teat and
172173 and infitrate ruroff fram one to infitrate rundff from one to
toctorinds, and profecting existing vegetation ten-ye ar storm events. fan tweriyfive year storm events.
Gargerr pp. 1 TE-ITH Consuft local rurseres o o

landtscape design professional for
optimal seed mec and plants
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Block Design

neorporafe shared conservation areas Io LID

neighborhood fabrics by conneciing propery fo
casements

<__TT - i
i ey

LIT easement

! l midblock easement
e
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Filter -rbu'mmi.-r throwgh the uss
of pendous pawng on dT-wawaﬁys.

Prervious Flasngpp, 172-173

:. 11 e
Locats bullni'lg: ey frorm
critical aress and create a senes
of rain gardens for attenuation
and filtration of storester
runofl frorm one to den-year
slorm events. Ran Gardon pp
178=173
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Flant and maktain vegetaion

in ﬂ'-aggyaﬂa.n coarike. This s
agacialy impatant in upsteam
developments. Fiparan Bfer
ppe 180181




Block Design

Utilize a green afley In lleu of cormventional afleys
to combine the funclions of sccess, parking, and
stormwater management

i Tl

w ST e

buildatie area :
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bulkdable area j
3 wsapenseuidepuminienianadl) | o
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RL green alley block LF

habilat

Lz Hush cirbs o allowe water
{0 b d=tinbuted awerty over
traatmant faclites. Flow Confral
Dlewicess ppe. 1 48-142

© Mlitratien

Hed s im ous surfsces fo
filtter and atfanuate stormisatss
from the stest. Fensous Pawng
pp 172173

irifiration

. .-ﬂ"‘l.:..-

.
/ ¥ rain -;a.'\d-eqs arvd bicmeamies
In the sasamant for reatmeant
dunng one 1o fen-year storm
] Theaes faciities rust bs
connsched to secondary facilities
& hande 10 te Bl -year stom
eeants, Soawale pp. 182-183

treat ment




Block Design

Employ LID easements sfong the stresf o ereste 3
connective fabric for stormwater management.

erogign 7}
conital ..

"":I-I-;._

s

Use cirb cuts 1o alow water 1o

ol JEIW, - e N
Create LI sasemants with
1o atbenuats Stomrmaater from destribuste evenly into the swale. becmwabes to Teat and convey
e sirest. Fendows Faag pp Fiow Corrol Dances pp: 148~ weiler to larger LD Tacides
1Fe-173 14% Bieawale pp. 182-183

Raduc'a-rnmioua surfaces
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An impervious surface
waill generate MD to six times more runoff than a natural surface.

15 percent void space » 90 percent void space
When considenng perdous Gravel and vegetated gystems
penancy, kesgrin mandd that the b larger vokd spaces, thus
voide of some systems recuine allowing Tor greater imhiltration
frecuient vacluming capacly, However, these

systerns wil require accascoal
mioweare] ared sediment removal
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Pixelated Parking

Reduce impervious surfoces by pixelaling the
parking surface with LID paving and landscapes

propet

S =y
.

Sl &

Remiowe cunles andl sink lee

ot i parkoneg S5s 10 TRCEne

a1 fher stormwater from one

i ten-year slorm evenls oo

1 enlers irealnenl et

Biopagepp, 18316

O
For 10 1o 25-year slarm evinls.
use pnderground shorage it sola
are potily dramed o land e s
Truiled. Lndesmound Deferdion
pe. TE2- 153 and Wl Vil pp

- | ("

oak
Ll per st pifses, |6 £oFtaeet
Biasacales i @ D e
or @ reberficr pond, wiech retan
and infiltrale: ninof duning 28
to B0-year sloim l-nfs
Refendon Fond pp. 140167






Parking Gardens

Reconfigure comventional parking fot models fo
senve the hydrology of the sile, where eais sif in
their own treatment basins

Tl
syt S
e ta

Eonsh'ud rain gardens in cenber

parking modules to treat
hrst ﬂ.lah arvd infittrate rmost
cortarnated runcff duing one
1o tan -pear storm evenis.
Ran Gadenpp. 178-179

I'_m'r..'\:!.I wu'lu' through owersized

perforated pipes from ran

gardens to freatment faclities

dun:%ﬂ} to Sd-war storm
Oversyaed Fpes

P 1 46147

Sy A

Llss resdudl spaces &s large
treatment meadows fat
elirninate runcff contaminants
Az infiftration occurs. infitation
E.;w.l.up;:-. 1BA- 185
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How can we
employ curb
alternatives?

How can we
transtorm the
street right-of-

way?

How can we
integrate LID
landscapes”?



Components of
o act Stres

curb altematives

Conventional urban streets employ curbs fo channel stormwater
runoff to catch basins where untreated water is. dspaiched to
another location, LID curb dtematives evenly redstribute nunof
o adjacent tredment faciliies, retaining as much stormwater
on site s possible. This is achieved by cuttihg curbs or
eliminating them aliogether. Curb choice depends on land usa
and stormwater voum e o be managed, Curbs can be used as
a safety feature In high traffic areas to separate pedestrians
from vehicles.

.5
[ ]

strest

sofl infrastructure

The flow rde of stormwater runoH should be reduced before it
enters the freaiment netwaork, Streets can accompish this through
pervious paving system's that attenuate and filter water for sediment
removal. At the sireet edge, LID fadlities such as curb exdensions,
which house new ran gardens in reclamed strest space, reduce
flowy rates by treating and infillrating stormwater runoff,

[}
LD curh
axtensions

Pervicus
parking

T

¢

plants, nol pipes

LIC replaces pipe-an d-pond systems with facultative planting —
of a community of watland pants—1o melabokze palutants in
stormwater mnoff. Instead of transporing pollted stormwater
slsewhers, LID planting attenuates and treats water on site,
allowing for retention and infitration. Other bensfits: include
mitigation of the heat sland effect, cost savings for treatment,
and preservation of waler quality.



flush curb paving strip with sediment double flush curb with
f T rmizes unifom trench h

sadiment tre

from point source flow > to distributed sheet flow



Designing for

Due to compaction

Urban Trees

and poor planning the average lifespan of an urban tree is 13 years.
Streets should be designed fo sccommodste S puraion .

tree root growth—ithe most crilical faclor in
implementing free ned sireets.

=chmate
. regulstion

I

QO planter size: For confinucus
plariters, allow sk feet mirimum

O

utilities: Locate undesground it b
uliities away rom ot m%‘.;r streets, For free wellg,
E_L!:II:EH}S. Tru‘rd'lz can = the minimum area should be &
LA T s

ar treechless technologies goils: Avcid compaction of soils
ta pc?mutc rm_-dcsh-mm-:ﬂf during construchon, ldeal sok
instalation and inspection for. the planting area are sandy
ubihty infrastructure, lcam for cha o

structural soiks if loc under
strests or sidewalls

irai

| no compaction zone
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shared siraals
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» o arterial streets

from local streets



Skinny Streets X

Create narrower sireels fo reduce runoff loading

and substifute pervious pavimg for impervious
siirfaces to encowrage stormwater infiliration.

o X

Cut curbe to sllow for shorrmeater
how it curl eertersions or

ather LD faclites. Fay Cordral
Dlevioes pe. 148-149

H..-.‘
el
!.-‘

LY
Spraad ™

Construct free bas fiters along
the right-af-way to fitker and
atienuate stormwater no

during one 1o fwo-year starm
B .Cr;g;‘mcri_nawdm:d
o rain 5 L5h el
ppe bnﬁndu lar gﬁb. Tresm
O Filker pp. 175477

e F e

temg

I B, e o nle
Uz ol saterrsions o retrofit
eisting parking lanes with ran
gardens. This reduces Impervious
surface area, and sncournges
infitration durng 0 10 25-year
sHorm events. A Gandon pp
178-179
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Shared Streets &

Design local streets as landscapes that balance the
social needs of pedestrians, transit, snd slormwwater

management.

Fn=tead afcmhﬁg channalzad
Hlesay, remones cutha to alows sheet
fleesy, wdich reduces the velocity
of runcfl. Flow Cartred Daviass
. 1a8-149

'l-u..h._“:ll
[ -"‘-::hy

Use pervious paning, filter strips
and mn gardm: the shared
street’s adge to create areas for
riirg and recreaton that can
e ﬁinﬁlu&t& m':_-t.;'_“&"'.
year storm events. 5 g
pe 162-163

Sk
Uk constnuctad wetiands

o infiltrate and traat runaf

durng ‘¥ {o S0-year storm
events and croate opporunities
o combing sinjr;w!ar )
Tan ) sirian
ety ol i
Wetiard ppo_ 1EB5-16T
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perforated s to mana
aﬁarmwaﬁsrm.lpsmf durirg &
farge storm events, especialy
tor pooedy-drained zaik
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% rking parking
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Eco-Boulevards .

Creafe streets with green medians that afso dellver
water frealment sevvices.

A

P

{backein angied
ipa"riﬂg on local

Srosts

3 — T =
1 I X .. i | "‘--..:"":\-1 i -l Ly - v
Uss free micends or chied imiplement curk cuds o other htqﬂia bio=meadas in boulesards
darivs in medans to atteniate curteng stratagpes 1 allowwatsr to traat stomrsatsr runoff befors
and detain nunoff, dlowing to flowe Into medan LD faclides. It entars conventional
ghorrmeater & chanos to mififrats oy Alernaties pp. G507 during 10 1o 50-ye ar storm
thiring one to ten-war storm ewnls. Siomwale pp, 182183

evenls, Fiow Contrel Dinvices
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Parkways

Improve the stroel righl -of-way akin fo o greomwvay
landscape

08k v

Design wiitralion Yaclfies along

¥ e e ey that sl age

zafey separale oy de lanes cifroor evercane arel alematnee

from leder automobile et moces -of fransportation,

Filftes SUND (. 162163 mearging Stormeacales unct! For
25 to S0-year storm events

Inifraficn Faan pp, 184-188
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: How can we
e transtorm

How can R N,
we develop K‘*\‘m -
to ensure - S Y
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transfarm
greenw ays”?



Conservation
Development .

Preserve native vegelation, sensitve ecologcal
habilat, and open space by using consenalion
aovolopmaent technigues

=i SpaEce

conservalon

= snemad davetopment

25 houses and 4 commercial buildings on 5 acres
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Treatment Parks ..

Infroduce  slormwater management ss snother
ecological service defivered by urban parks

T -
o~ Bl '
fa Sy o ] R
| 1i"pr :!nps at Hm-:w:gegf Llse r:un 5 & finles L..hu- merulam ba=in= and
parks to filter and atteru ate stips and larger congtructed weatlands o treat and
stormmaaier runaff from teatrmtfmlﬂeﬁtocapm;e Infiltrate urban stormiveater unoff
Imgeendows aurfaces dunng one fitter, and infiltrate stommete d.m%ﬂtﬂ S0-ymar storm
toten -year storm events, Fiter nnoff from 10 to 25-year Consiucted Watland
Stnppp, 162163 storm events. RainGadonpp s 1EE-187

173179



~ Water
Harvesting Parks

Recycle stormmwater runoff as lerigation for high
maimtenance parks, such as comnminily gerdens
and sports fields.

Open spece

g A
o i 4

-:-I:-.lll."" B b V

== I;inn\qh-sbtnp‘i‘l,ru anid
Iﬁlharsmmﬁ-r mm£ from
rgandous surfaces dunng one
1o ten -ypear storm evenis.
Bioswale pp. 1824183

After Sltering, store water from
10 to 25-ymar storm e vanis
In &n undanground clatem for
ﬁhre?@ﬁﬁum!. Rt aler
Havesting pp. 1 68168

' L
Soak . e
P framted rainwater throsgh
mul-rrfgmim syatern B m‘nrrﬁnrty
ardens o sparts fields during
pericada,
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Greenways ==.

Connect open spaces fo create an urban greemvay
natursl resowrce, and

that mainiains nutrient,
habitst flows through the cify
cu Huralsrnehmarn
—_ i
refugia’hag fat
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1
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= wi =i
Ve o e
W Soread WY ToaK
U=e vegetaied nparian butfers Msirdain rehural snvasty n
to fiter and afenuats urban sireams= 1o create sromion and
stormeater runadt before reach- deposition zones that regulate
My SeEve stream cormdors. strearn flowe ard sadmentaton,
Rypaniar Bueffer pp. 180151

Wil v cortiel devices
sipch as curhs and level spreaders
to :l-ﬁwﬂ'-a Thowe of varter before
reaching the grearmasy. Flow
CMCJHDEM:CEB pp. 148-145
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What are the LID
famlttles

s LD facilties based an

it faciifies with vand
hworks will prowd

freatment ar

flow control detention

from mechanical

retention filtration

infitratian freafmen

LID facilities menu

¥ to biological

increasing level of volume reduction —



T Hewe contdl

utilee where p'u:nr;-g e rot be eveided,

wrder impenvicus surfaces like dr s 1
ani gdm
appdeable ampwhere within LD netv.v::-k O
e oversized
occasicn trash and sediment remaval g

QOversized Pipes

Owersized pipes are subsurface pipe systems sized larger than
required to reduce peak low rates

While cversized pipes are more costly, they diminate |larger pressure drops and % i _ppﬁ?e ]
high velocities assocated wath undersized, or even comectly sized pipes duning VEISIZEU AP i
farger storm events. Lower velocties reduce outlet ercsion and scouring. Larger
woldme pipe allow water 1o be detaned, without creating problematic backwater

effects, The location of oversized pipes can vary within the LID nebwaork,

A= with amy pipe infrastructure, oversized pipes require frash and sediment
removal annualy.

Fefetences:
inmesota Lichan Small Sies BE Manual



flaw contrd

dowristream fram concentrated
shormwaler runcf 9
from small residential spplication to
larger commercial site
agement regime flow contral
trash and sediment removal as -.ieuﬁesm
i

Flow Control Devices

Flow control devices, such as flow splitters, ane used to reduce peak
discharge, attenuating concentrated stormwater flows

These devces are placed in areas of concentrated shest flow, chanrel flow,
ar pipe fiow to atteruate storwater unaff prioc 1o it enferng & stenrwater
management system. Flow contrd devices slow concentrated surface runcfi
and pipe dischargs. thus allowing large debris and sedimarts to drop out of
suspenzion, These devices are intended to improve the function of other LIC
tadlities and prevent scouring from excessive flow energy. Damaging runolf, peak
Thowe rates, and sediment loads thal owérwhelm stormwater management systems,

ara reduced as a result of using flow contral dewvices

Thess fadlties requirs regulsr maragement ard inspection to remove excess
sediment, trash, and debris

sechion

plan

5311‘ ar:tl.lsmng flow contral
deice noedher & manhale o
catch basin for restrcin
redistribeting sie |LHGH?E mest
the pre-development rate

lewel spreaders and rock, swales
cormvert concentratad runcdf,
typicaly from stormwster ppe
autlets, into sheet flow

typicaly constructed from treated
lumbser, with spaces betwesn
mach timber to provide slow

sage of stormwater through

NG, NETow openings

shest -:Mb:- typically b shieet
ncgcs oweser, they can be cut
and shaped to 2l for water
passage into a LIC fadlity Curb
Abematies pp. 96-9T

sl dams constructed across
aditch or swae 1o slow and
ternporanily hold waler during
larger stoem seents

irees planted on mounds within
. bicswsale, or ditch can

act &= natural check dams,

attenuating stosmwater fow

splash béocks and riprap absorb
ihe energy from concentrated
runaff causad by ran leaders ard
Pipes

Dﬂm.'m?mi Doy Shatmges—An fegrated Design Agproach
Low fmpact Develgorned Mareal for Michigan
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inspecton and m:.fma'd dumml dotention

Underground Detention

LInderground detention systems detain stommwater nuncff prior fo its
entrance into & comveyance system,

Undergrourd storage systerns store and slowly release nunoft inte the LID
rietwork. Some systems can infittrate sterrwater if the soil bereath s permeasbla,
Undergrourd storage is employed in places where avalable suface @ea for on-

grade starage & limitad,

Undergrourd storage reduces peak flow rate thraugh metered discharge and has
potential for irfittration. frmproved water guaity is achieved by sedimentation, o the
setting of suspended solids. Though at first costly, urderground detertion systens

are easy to aoosss and mantain,

Rn‘h‘mcus

U.rta'l
Mirrescta

Marval for Mictigan

ook ow (rpad

Small Sitex SF Manesl



aetimie level of service

detention
and runoff, upstream from off-site
stormeatsr managem enl systems

walershed runofi ér?es-u 5
of 10 ares and greater
el
reqular trash sl inteemittent e
sediment remaoval, pollutants =baritinh
arcumulats n sois and may requine pand

snendments and dean out

Detention Pond

Dietention ponds, or dry ponds, are stormwater basins designed o
intercept stormwater runoff for temporany impoundment and gradual
refease to a conveyance system or a receiving waterbody,

Dretenticn ponds are designed to completely evacuate water from stormn events,
ugeally within 24 hours, They pimarily provde nunaff valume control reducing
peak flows that cause downstream scouring ard loss of aguatic habitat, As a
genera e, defention ponds should be implemernted for drainage areas greater
than 10 acres. On smaller sites it may be difficdt o provde contrel since outlet
diameter specifications nesded to contral small storm svents are small and thus
prone te clogging, Also, treatment costs per acre are reducsd when implemented

at larger scales,

Re-sispension of setled matend is a large concem in these systerns, requining
periodic sedirment, debris, and pollutant remaval, Datention ponds de rot provde
infiltration and are thersfore beast used within a network that provides bidogics

freatrnent

Fleferences:

Low Impad Daw
Mirresata Lidhan

e B



reterntion

beginning of treaiment ‘.rah.- direct
at the sounce of run

from a skl 50-gallon raln barrsl T

fod @ residential ?p_;?ur.aﬂm to larger
29,000 galon commerdal scae
cislerns

rarwwater

sezsond debriz remu:x-a] sﬁmge fank hervesting

irapection

Rainwater Harvesting

Rainwater hanesting involves collection, storage, and reuse of
runcott from noofs

Fanwater harvesting reduces unoft wolume and peal: flows. Cistemns, bladder
fanks, and precast ferrecement seplic tanks are genarally larger than ran barals
and slim tanks, and are used for domestic water supoly, rather fhan irigation
for landescaping. Most rairwater harvesting devices are modulated and can be
connected to provdde increased storage, Consider that in areas with rainfall mare
than 25 inches annualy, a 1,000 square foot reot Wil groduce a minimum of
12,000 gallons of rainwater per year, To capiure this water for irfigation during the
peak months approdmately 10 ran barels o one S00-gaflon cistern are needed

Mirtenance needs are maderate compared to other LID technologies, howeer,
water must be used penccically between rainevents o maxmize storage capacty,
rardmize- runcf, and avald odors. Gutter screens prevent the acourmulation of
debriz in runeff. Fitration and purification equipment must be incorporated when
Lsing stommwater ninaff for patable dses

sealed lid to s
keep irsects out (=3

cancrele pad—-f

Referancis;
Low fmpact Devalgomend Mancal fo Mich)

['rlﬂica'i:y a Elgallan barrel
at can be ulilized sl sach
dowrispout of @ bulding

a dim tank provides smalker
storage fadities that can be
distributed around the building

moet common means of by
rainwater storage and hypical
usedin sbove grade spplications

cement septic tank used instead
for ranwater hanesting and
can be installed below grade or
abave the ground

biadclers donct require structure
and can be placed in ary
kocation; thus are an atfordable
g aftracties alternative o other
fixed tank systemz

Low frpact Developme Tecimcsl Guidmes Mareal for Puget Sourd

Lirtted Sates Departmert of Housimg ard Unan Develogrmend
Mirresota Urbar Smal Sées S0E Maru

M e ."nmrs‘.h?g'mmd:r com



" retention treatm ent

d:mn*;trm of catchment
and runoff, usually constructed
at the lowest poirt of the site

can be used for residential, commercial,
and indusing sites, with wabtsrshed numoff

arems no smaller than 10 acres 8

depending on regional predpitation

i&spected s?n:ann-ue.d*;% «‘.Dnljlr'r;fi:'.at —

anagys is funchoning propery and 1o ¢

remove sadment, acoumulated trash, and 'clg'.?ém
ks

Retention Pond

& metention pond, also known as a wel pool or wet pond, s a
constructed storrwater pond that refains a permanent pocl of water,
with minor bickogical treatment

Wed perids refmicwe poliutants throagh biokepeal uplake processes and sedimentation
The amount of podutarts that &e removed from stormwater runoff is propartionate
ta the length of time nunaff remiains in the pond, as well as the relation of nunoff to
ratenticn pand volume Snce retention ponds must maintain a pemanent pool, they
canret be constrscted in areas with insuffident preciptation or highly perrmesble
solz, urless thesal s compacted of averdain with day, Generally, large canfributivg
watershads are required ta mantain permarnsan pool lewek

Cire advartage of a retenfion pond & the presence of aguatic habitat when propery
planted and mantained, The use of a pond aerdor & necessary to avold stagnatan
and prevent agae growth that can lead to eulrophication, or an snaerobic
ervironment & heathy serchic environment is a necsessany condition for aquatic
life and Intecrated Pest Managermend (IPW). Reguler maintenance inspectons are
rieaded to ensure proper drainage, aenbic furctioreing and aeration, and vegetatve

health, Trash, debris, and sediment will need o ba removed peradically

e
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Feferances:
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filtration

upstrean of m.ajr; brecatr ent a;-,-srah.s 9
from & small slope at strestsice
tothe sz of a large fiskd 4t
frach and seciment i iy

remicnal, sncl mawdng

Filter Strip

& filter strip is & grassy slope located parallel to animpenious surface
such as & parking lob, driveway, or roadway,

Filter stripg use vegetation to slow runeff, allowing suspended sediment and
debris loads to drep out of runeft flow, This prevents dogoing of stermwater
dranage systems o recening waterbodies, Stormwater rurolf should baunifarrmly
distributed stong the fop of the enfire filter stip using & flow contrdl facility such
a5 a lewel spreades Other treatment tacilities, such a5 a swale, should be used for
chanralized flowes. The drainage area should not exceed 150 linear feet to ensure
praper fenclioning of the fiter stip. The lateral slope of the filter sirp should be
are to two percent. A seres of stepped level spreaders could compensate tor

slighily steeper stopes,

Fitter =irip areas cannct be used for construction matenal starage or activties
that coud distrb the greund suface. Reqular inspection and maintenance are
required to prevent dogging by sedment and or debris. Filter strips shoud be

kocated in sunny aress to dry out between ran svents,

dranage srea i :
clope, 1 of leggrmammand
permesbie 50 s
@id i mino
infltraticn, bt are width, 200 min. - TO0 mizc

nal necessay

Hﬂlom-nrgs
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" filtrationtrestm ent

‘ue;inr-u'-g of hei;m&'.
chrectly within the runcff source

— 13
fram small residential apolications 1o
large industris buildings s

Ispsction of te Rk fremLrans, s
as well &5 rouline tation inspection and ! rook e
martenance of the dainage flow paths

Vegetated Roof

Venetated roofs, or green roofs, are garden ecologies installed atop
buildings, from small to large buildings.

Intended to be dosed loop systemns, vegetated roofs gollect rairwater atits source,
slow its release, and reduce its volume through evapotranspiration from plants
Vegetated roofs alzo regulate bulding temperature through addifional therma
imsulation, reducing heating and coofing loads, \egelated roofs are sspecialy
effective in confrolling inftenss, short-duration storms, and hiave been shown to
reduce curnilative arnual runott by S50 percent in termperate dimates, Vegetated

roafs ae desirable in flood-prone dimates with reguiar flash stomn events,

Megetaled roofs can be built on flat roofs or doped roofs, howeser flat raofs are
eesier toinstall Roofs with steep slopes usudly require the addition of cross-
baftens to secure drainage layers and to control sal erosian,

venatation; sucodents, herbe,
grasses— preferably focal spe-
des,

sol, 2'-8" slorane anrsa with hi
mineral to organic materizl r

drainage system

oot barner
rek sfruchice
ol b non -potabie

SOUrCes

Reterences:
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Ttratiandinfiltration treatm et
a u|:ﬁ1ream~:#hfﬁra'rmr-nt s-fa'ns

o [ cvide: -sedment temenal and fo
reduce mnotf volume

as small &5 a single parking 41a.ll a 14
as lange as an entire lot or street
varuim-based sedment removal Lok
from pm-lng, a5 Systems may nesd periics

o b mevwied and may need to be

irigated fio rmaintain veoetaicn il

Pervious FPaving

Fenaous, or permeable, paving allows water to vertically flow through
hard surtaces. As substitutes for impenvious paving, they support both
pedestrian and vehicuwlar traffic,

A penious pening system indiedes a subsuface base made of course aggregate
for stormwater storage. In some designs, pendous pavement is supported by
urdesground layess of soll, gravel and sand to incresse storage and mesdmize
infiltration rates, Pendous pavng resoves sediment and ciher pollutarts. It acls
ta reduce and distribute stormmwater volurme, encouraging groundwater infiliration,
There are multiple fypes of pervious paving, nduding modulated precast pavers,
pedred in place systemns, porous asphall, porous concrete, and gravel, Reduciion
of the urban heat island effect s pozsble when using high-albede, lightly colored

systems,

Large scale vacuumns must be wsed to dean out oravel, paver, and porous
systems. Grass systems may need cocastonal menwing and imgation] see "Surface
Materizs” pp. TE-75),

mmmmm PErioUs pavers
aggyegale bedding
g graded base
ii varies by
desion application))

optiona reinforcing
for hessy traffic loa g—’d

.—..-.-.-....\:gu Faded sub-base
et
3 deziogn spplicafion |

wHilter fabric

s riEl e 500
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Irifittrad icon treatm e

dowmstream of Titrabion
componerils bul upsiresam of
magor [resatrreenl facdihes

from & amall stegto a-sand fied
withy @ masEmum calchm et

i Ftriatlen

ansed removal o rash and irenct

Fakir toomaindan perrneanibty

INnfiltration Trench

Infiltration trenches are laminated systems with fabric-lined
excavations atop, fabric-lined detention to increase infiltration.

es-ae parbcularly useful for sies with | draine
it gracuslly parcolates through an engineersd trench with amended
over a penod of doys. Infitmbon trenches fillsr particulates as stormwater runoff
ricwas thraugh the madia, Thess facibies promols algas growth that senes as
pollutant digesters = the raximum catchmeant area for irfiltration trenches
¢ hwio acres, it is necassary to incorporate othar LID facil o the stormmwaker

rianagerrsnt plan

niiltration renches require less maintenance i upstream pre-reatment facitiss
ilea filbar slrips are Lsed. Mo trees should be planted near miitmation trenches
These two actions reduce the potential {or clogging the trench. Annual inspection

v reccerimencec 10 remows large debns andfor trash

e o s s {EF 01 3
e cavaion

i TilbEr Babinc-bned
detention with crushed
gravsl backll, clean
uraformiy graded
apgregale bebwesn
T with 40% waid

crvert o

. z syzlem o
e IS EEE I Fave base | peorly
, T ool oratad chalmed sols

z or lefge
akerich e
indes ! __\stormn evenis
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) filraticn or miftration
{depands on which system is used)

upstream of major .‘.rcatm-:nﬁj.rst.l:rns.
and in place of sirset frees
[not in swales of afer fillsr devices)

o 16
& single free bos io &
large urban fres bos network
occasional remu:n.-s.ll uf ﬁE.I.Eh.:.EInd :'El;:inq »
of surfaes to mantain permeability; hﬁ,ﬁgﬁ

replacement of fee after seven vears

Tree Box Filter

& trea box filter or well consists of a container filled with amended
=ail and planted with a tres, underdain by crushed gravet media

= - e ik Ly, 237

amended sal, 12°-36"
{4* deeper than the

. ) bottom of the largest
Tree roet systemns treat and upfake stormwater nunctf captured from the strest into roat ball)
the bew fitter, An underdraln cardes treated runoff to ather a surace discharge filer tsbric

locaton or a larger retention gystermn for secandary trastmenit, The life of the tree
iz short as trees will nead fo be replaced every five fo ten years, The unit can aso
ke panted with hardy shrubs and herbacecis plants tferant of inundatiors

Tree b filers and wels can be incorporated into urban retrafits with the added
bensfite of water qualty improvement and reduction of the urban heat islznd
affact, As with other filtraticn devices, free box filters require accasional inspectian

------ wath biotiom
to remove farge debriz and/or trash

[tres b filter)

el ML i i
(tres well)
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fitraton nfitiaton featment

downistieam of fitration fax:ﬂm;'.
but upstrearn of primary trealment Taalties

17
SO0 2q L, to dlow for adeguate
Irigation befween small storm events nc
) W
eccaskna removal of trash and 2

pruning ol vegetalion gecen

[LJHI Garden

A rain garden is a planted depression designed fo infillrate stormmwater
runaff, but nol hald it

Arain garden is & type of reafment facility, commaenty known &s bioretention, The
primary pollitant remova mechanisms are filtrafion t:-'; nafive wegetation through
phytoremedation processes that clean water as it passes through the faclity. Rain
gardens cartain layers of onganic sendy sal, ard muich for vegetation. Low-
maintenance plants are recommended for rain gardens based on their suitability
to local climate, 5o, and moisture conditiors without the use of ferfiizers and
chemnicals, Fan gardens are best applied on a relatively smal scale, They work

wiedl along driveways and in low lving areas of a property

Riin gardens should be localed at lesst 10 teet away from buildings 1o prevent
water seepage into foundations or undemeath houses, causing mold and mildew
problems. Also, location away from large trees allows exposure fosunlight so that

rain gardens mey dry out between stom @vents,

4 o B deep bem —

T2 rein, distanee from foundatcn : ;
eyegetation; succubents,
hers, grasses

e flow

| system for

| Procely-
drained sails

o e A
! or large
undesckaln __|starm events
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| entter iy LT nestatid
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Bioswale

A bloswale is an open, gently sloped, vegetaied channel designed
for treatrnent and conveyance of storrmweater runcff,

Bicawales are a type of bioretention device in which the pimary pollutant removal
mechanisms are filtration by grass blades and ofther facultsive vegetation that
erhance sedmentation through adhesion of poliutars 1o the grass and thatch.
Bioswales combine treatment and conveyance functions, reduang develonment
costs by eliminating the nesd for seperate conveyence systems, Their main
function is to treat stormwater runolf, while the main function of rain gardens is to
infiftrate runcd. Bicswales are usudly located along roads, drives, o parking lots

whene the confributing acreane i= less than five acres,

Biozwaes require curb cuts, gutters o other devices that direct flow to them,
They may require an undendrain where sdl permeaiility is limited, as well as an
awerfiow grate for larger storm events,

‘;L-

e yegetation: sucodents,
hertrs, grasses

i midch layer, 2°-3° with
1:2 slope or less

: N - cnerflow grate

. O — . mwed 5':' m-\#
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% top sol,
20% compost
; overfiow
~filter falbric system for
e ~344" graved base |poordy-
..................... -perforated drained scils
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Linied Shies Ceparkren! of Housng snd Untar Devsicpmend
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retenton.fitratoninfitrafon.A=atment

end-of-lina ia.cil-t,'. upstream ot
overflow basns or mceiving waterbodies

from pochet weflands managi Eln:fl to 21
10 eores of watershed nunoff 1o shallow
marshes managing more than 25 aces of e
waterzhed runaff
Ty
te . 3 . 1t h d e
gyatem requires removal of trash an constets
sediment betwsen fwo and fen wears, and '?:.:h::.’h"d

samannually during first three years

Constructed Wetland

Constructed wetlands have a permanent pool of water designed to
treat polluted starmwater through microbial breakdewn of poliutants,
phytoremediation, retention, setfling, and adsomtion (surface

assimilation),

Considered lo be a comprehensive treatmeant system, constructed wetlards can
be re-established in historically drained wetkand areas or low areas of a site. Plants
and wetland geometry reduce stommeater velocity, allowing sediment fo settle
out. As with other infiltration systems, pre-trealment systerms upstream help fo
remove sedimant that may clog a wetland system, resulting in eutrophication or

an oxygen deprived system,

Constructed wetlands are land rich faciliies and differ from retention ponds in
their shallower depths and greater vegetation coverage. They reguire ralathely
large contribufing drainage areas to maintain a shallow permanent pool. Mnimum
contributing watershed runoff area should be at least 10 acres, althowgh pocket
wetlands may be appropriate for smaller sites if sufficient water flow & available.

ArEENTIENT TOIS e
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P land-water scolons
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Limirad Siatas Eﬁpﬂ.‘mm ar Housin, Lirhan E:'ﬂr‘allﬂﬂ. ant
Minnnesats Livkan Soiall Sites BMP Manual



“Qur space planning should take it
cue from the patlerns of nature ilsell —the water table, the
floodplains, the ridges, the woods, and above all, the streams.”

You can download and purchase the publication from our website

http://uacdc.uark.edu
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