INTRODUCTION

A set of chemical, biological, and engineering principlesunderlaysthe many stormwater treatment technologies.
Theseprinciplesderivefrom our knowledgeand experiencein: water and wastewater trestment engineering, chemica
engineering, aquatic chemistry, soil science, and biological science. Thisbook presentsthese principles, exploring
thelr relationship to design criteria, performance, and the causes of performancevariability of thevarioustreatment
technologies. Included are basi ¢ Szing procedures and design e ementsthat maximize performanceand reliability.

1.1 EVOLUTION OF TREATMENT SYSTEMS

Over the past 150 yearsthe evol ution of wastewater and water treatment systems, predecessors and sources of
experiencefor sormwater treatment, isincreas ng sophistication. Thissophisticationisareflection of theengineer’s
increasi ng understanding of thewater being treated and the underlying biological, chemica and engineering prin-
ciplesthat define how the different trestment processesfunction. The outcomeof thisunderstandingisengineered
systems capabl e of cost-effectively meeting increasingly stringent environmental requirements. With stormwater
trestment the engineer facesanincreasing number of choices, aternative design criteria, and expectationsof perfor-
mance. Understanding underlying principlesenhancesthe engineer’s ability to make cost-effective choicesand
designs. Today, choices (highlighted in Table 1.1) have expanded greatly since the dawn of stormwater treatment
over two decadesago. Furthermore, manufactured or pre-engineered systems now complement the public-domain
treatment systems, ahealthy sign that the market hasgrown sufficiently to interest the entrepreneur.

TABLE 1.1
Treatment technologies

Public-domain technologies

bioswale...wet swale...dry swale...filter strip...wet pond...wet vault...extended detention pond...
wet extended detention pond...extended detention wetland...shallow wetland...hummock wetland
...pocket wetland...subsurface flow wetland...combined flood control detention/wet basin...oil/grit
separator...oil/water separator... infiltration trench...infiltration basin... bioretention...bioinfiltration
swale... sand filter... amended sand filter... organic filter...alum precipitation...

Pre-engineered technologies

AquaFilter™... AquaLogic™...Aqual Swirl™...BaySaver™...CDS™...CDS Filter™...Downstream
Defender™.. DrainPac™...DualVortex"™ ...EcoStorm™...EcoSep™...FlowGuard™...Hydro-
Kleen™...StreamGuard™... Stormvault™. ..Stormceptor”. .. StormFilter ™. ..Storm Treat™...Ultra-
Urban Filter™...V2B1™.. VortFilter™ ... Vortechs™. .. VortSentry ™. ..
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1.2 TREATMENT TECHNOLOGIES

The focus of this book iswith passive treatment: no
pumps, mixers, or electrical systems. Provided below is
anintroduction to thesetechnol ogies. Other current pub-
lications provide design procedures,?7778377,620,1088,
1157,1173,1199,1913 and Compari sons Of performance_26,31,175,
988,990.1008.1250 ccasi onally mechanically complex tech-
nologies akinto wastewater treatment areused.™ The
treated water may berecycled for non-potable uses. For
these complex technol ogiesthe engineer isreferred to
texts on wastewater treatment . 7:66:114:256.747,1068

Vegetated swalesand strips

For thisbook, swalesare defined asbroad shallow veg-
etated channdls, typically covered by grass. Stormwater
entersthe upper end, passing through to the outl et &t the
lower end. With strips, water entersas sheet flow from
the pavement along thestrip edge. Infiltration variesfrom
littleto substantial, in which casethedeviceismore cor-
rectly consdered aninfiltration system. Althoughswales
and sripsaretypicdly referredto ashiofilters, itislikely
that the primary removal mechanismis sedimentation
rather thanfiltration.

Some systems called swales are more appropriately
grouped e sewhere: the* dry swale’ whichisessentialy
aninfiltration system; and the* wet swale”, whichises-
sentialy ashallow extended detention basin. Theseare
volume-based systems, sized to storeand treat the vol-
ume of adesign event. In this book, swales are flow
rate-based, sized totreat to aspecified peak flow rate.

Dry basins

Dry basinstemporarily storestormwater during and im-
mediately following each storm, and are dry between
storms. Water is contained by berms, an open excava-
tion, or by asub-surface vault. To enhance settling the
dischargerateiscontrolled: “ extended detention.” Settle-
able solids and attached pollutantsareremoved. Dis-
solved pollutant removal ismodest because of short resi-
dencetimeand minimal contact withthe soil. Variants
includeashalow wet pool (wet extended) or small (mi-
cro) poolsat theinlet and/or outlet.

Wet basins

Wet basins have apermanent pool during and between
storms. Likedry basins, water iscontained by berms; in
anopen excavation, or inavault. Suspended solidsand
attached pollutantsareremoved aswel | asdissolved pol-
lutantsby surfacewet basins. Assuminglittleor norooted
vegetation, removal of dissolved pollutantsiswith protista
(algaeand bacteria) and soil if earthen-lined.

Normally the dischargeisnot constrained. An extended
detention layer may be placed atop the wet pool. A
wet basin that includes an extended detention layer is
essentially the same asadry extended detention basin
that includes awet pool described previously. Where
flood control isrequired, both objectivesare commonly
met with one basin. Pre-engineered products such as
BaySaver, Stormceptor, and Stormvault arewet vaults.
Thelatter includes an extended detention layer atop the
wet pool by restricting the discharge.

Constructed wetlands

Wetlands are essentially shallow wet ponds. Shallow-
nessalowsrooted wetland plantsto flourish. Suspended
solidsand attached pol lutants settle. Plants, algae, bac-
teria, and the soil remove dissolved pollutants. There
aremany variantsasindicated in Table 1.1. Although
congtructed wetlandsmay use more areathan wet ponds,
they providethe additional benefits of aestheticsand
wildlifehabitat. Natural wetlandsarenot commonly used
totreat stormwater because of the concern for adverse
effects. StormTreat isapre-engineered wetland con-
sisting of of astandard module.

Vortex separators

A vortex separator can be viewed asawet vault “in-
the-round.” Stormweter enterstangentidly, imparting cir-
cular movement. Through circular movement, the de-
viceremoves settleabl e solids and attached pol lutants.
Vortex separators may achieve performancesmilar to
wet vaults, butinasmaller space. Severa manufactur-
ersexploit vortex separation. Pre-engineered products
includeCDS, V2B1, Downstream Defender, Vortechs,
Dud-Vortex, and AquaSwirl.



Oil/water separators

Anoil/water separator isawet vault that employsgrav-
ity separation but the pollutant movesupward. Themost
common configurationisawet vault with closdy spaced
plateswithinwhichtheoil codescesintolarger droplets
asitrises. Anundersized variant isthe oil/grit separator
whichisasmplevault with vertical baffles. Somepre-
engineered separators employ sorptivemedia, in some
caseswithout the coa escing plates.

Inert mediafilters

These arefiltersthat remove suspended solids and at-
tached pollutants. Theterm“inert” indicatesthemedia
doesnot remove dissolved pollutants, athough chemi-
cal precipitation may occur withinthefilter aswell as
biologicd activity. Theflatbed configurationiscommon:
alayer of themediasuch assand over underdrain pipes.
Water flowsdownward through the sand. Pretreatment
precedestheinert mediafilter, thereby extending the
maintenance cycleof thefilter. Pretreastment iscommonly
by an extended detention or wet basin. Other inert me-
diaareperlite, crushed recycled glass, and geofabrics.
Severd pre-engineered productsuseavertica cartridge
containing media. Stormwaeter flowsradidly intothecar-
tridgeto acenter well, exiting the cartridge. Examples
are the StormFilter and VortFilter.

Sorptivemediafilters

Thesefiltersremove dissolved pollutants. Suspended
solidswith attached pollutantsare al so removed. The
configurationsaretypically the sameasinert mediafil-
ters. Sorption mediainclude leaf compost, activated
carbon, pest, iron-amended resin, zeolite, surface-modi-
fied sand, and polypropylene. Pre-engineered products
noted aboveare availablewith sorptive media

Draininlet devices

A large number of pre-engineered productsare config-
ured to be placed directly into vertical or sdedrainin-
lets. Someinsertsareplaced at theentrance of thedrain
inlet. Othersare housed degper withintheinlet. Thelat-
ter configuration allowstheinlet sumpto serveitsfunc

tion of removing sediments. Many products use sorp-
tivemedia, generally to remove petroleum compounds.
These devices are considered sorptive mediafilters.
Example productsin Table 1.1 include UltraUrban,
HydroK leen, and StreamGuard.

Infiltration systems

Dischargeinto and through the soil isthe primary means
of treatment and disposal. Infiltration systemsare es-
sentidly granular sorptive mediafiltersinwhichthe soil
isthemediaand theunderdrain systemisthegroundwa:
ter aguifer. Therearemany configurationsincluding open
basins, sub-surface vaultsand rock filled trenches, and
variousformsof porous pavement. Bioretentionisan
infiltration system that i ncorporates vegetation such as
trees, shrubsand grass. Coarse soilsrequire pretreat-
ment to protect groundwater quality.

1.3 MANAGEMENT APPROACH TO
STORMWATER TREATMENT

Three decisions drive the selection and sizing of
stormwater treatment systems. how much water totreet,
which pollutantsto remove, and thedesired performance.

Volumegoal

Thefrequently stated volume goal is90 percent of the
stormwater generated over dl storms; that is, thetreat-
ment systemissized so asto effectively treat 90 percent
of the stormwater occurring over time. Thecommon ap-
proach isto specify astorm runoff depth. Thisdepth
defineseither thevolumeor flow rateto betreated, for
volume-based and rate-based systems, respectively.

Specified storm depths range from 0.5 to 1.2 inches
(1.25t0 2.5cms).”"117 The volume of avolume-based
systemistheproduct of the specified flow depth, drain-
age area, and runoff coefficient. To size arate-based
system, astorm distributionisassumed. Alternatively, a
sormintensity isdefined such as0.2 inches’hour, to cdl -
culatethe peak rate. A lesscommon approach isto use
asingledesign storm event.™* A specified hydrologic



