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FOREWORDThe 

Environmenta Protecton Agency was created because of ncreasing pubicand 
government concern about the dangers of poution to the heath andefare 

of 
the Amercan peope. Noxous air, fou water, and spoled andare tragic 

testimony 
to the deterioraton of our natura environment. Thecomplexity of that 

environment and the interpay between its componentsrequre concentrated 
and ntegrated attack on the probem.Research and deveopment 

is that necessary first step in probem soutionand invoves defining 
the problem measurng Its impact and searchingfor soutons. The Municpa 

Envronmenta Research Laboratory deveops newand improved technology and systems 
for the prevention, treatment, andmanagement of and soid and hazardous 

waste polutant dischargesfrom municipa and communty sources, for the 
preservaton and treatment ofpubic drinking water suppies and to minimize the 

adverse economic, socia,heath, and aesthetic effects of poution. This publication 
is one of theproducts of that research; a most vita communcations ink 

between theresearcher and the user communty.As the base of information 
continues to expand through 

continuing 

researchand deveopment, t becomes ncreasingy important to transfer 
thsknowedge through a concise compendium of urban practices. Thisreport 

presents the most recent deveopments in the state-of-the-art ofcompeted 
and ongoing storm and combined sewer management and abatementtechnoogies.Francis 

MayoDrectorMunicipa EnvironmentaResearch Laboratoryn 



ABSTRACTA 

continuaton and nation of the state-of-the-art of storm andcombned 
sewer overfow technoogy is presented. Essentia areas of progressof the research 

and deveopment program are keyed to the approachmethodoogy and user 
assistance toos avaabe, stormwater characteriation,and evauaton of contro measures. 

Resuts of the program are visibethrough current and ongong master 
panning efforts*Assessment of urban poution is 

referenced 
to the deveoping natonadata base, ocazed through seective monitoring 

and anaysis, andquantified as to potentia source and magnitude using 
techniques ranging fromsmpified desktop procedures to compex simuation modes. 

Stormwaterpoutants are characterzed by () source potenta, (2) 
dischargecharacteristics, (3) resdua products, and (4) receving water 

impacts.Contro and correctve measures are separated Into termed 
BestManagement 

Practces and structura aternatves. Best ManagementPractces focus 6n 
source 

abatement whereas structura aternates roughyparae conventona treatment 
practices of correcton. Structura aternatves may incude storage (voume 

senstve)and treatment (rate sensitve) optons and baances. Mutipurpose 
andIntegrated (dry-wet) faciites have been the most successfu with processsimpicity 

and operationa contro fexibiiy prime consderations.Best 
Management Practces have decided benefts over structura ower cost, earier 

resuts, and an improved and ceanerneighborhood env1ronent--bu ack 
quantfed 

actionimpact reatonships.For combned sewer overfow abatement, increasing 
degrees of structuracontro are necessary.Successfu program impementaton 

is iustrated for severa seected casehstories.This report was submtted 
in fufiment of Contract No. 68-03-228 by & Eddy, Inc., Western Regiona 

Offce, under the 

sponsorship 
of theU.S. Environmenta Protection Agency. Work covers the perod Juy 

975 
toJanuary 

977 work was competed as of June 977.V 
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SECTION 

1INTRODUCTIONThe 

quaity of the surface waters of the nation refects the aggregate effectof 
a discharges. As objective eves of and restorationrise and as broad 

strdes of impementation are achieved, theroe of the heretofore "esser" 
discharges 

becomes ncreasingy important.In response to an expoding environmenta 

consciousness on the part of itscitizens, the United States has set forth 
the foowing goas through PL 92500, the Federa Water Poution Contro Act Amendments 

of 972:. "To restore and maintain the chemica, physca and 

bioogicaintegrity of the ation's waters." [Section 0a2. "herever 
attanabe, an interm goa of water quaity whichprovides 

for the protection and propagation of fish, shelfish, andwidife 
and provides for recreation in and on the water beachieved by 

Juy , 983. [Section 0(aThese goas cannot be achieved wthout 
recognition and assessment of a1source oads 

and the formuation and implementation of mitigation programsdrawn from 
an 

equay broad base.URBAN MANAGEMENTUrban management programs address water 
poution initiated byranfa (or 

frozen precipitation) 
impacting 

on deveoped and deveopngareas. Polution is intensified as are 
scrubbed 

from the air;washed from the and, pavement, and buiding surfaces; 
scoured from thecoection network; and finay transported, and depositedwithin 

the receiving waters themseves.When stormwater and municipa are 
intentionay carried nthe same colector system, the spils (untreated discharges) 

are termedcombined sewer overfow. 

Significanty, 56% of the popuation in thenations cities with 00 000 or more 
inhabitants [] are served by suchcombned or partiay combined systems. 

hen stormwater and municipawastewaters are coected separatey, 
cross-connectons (ether drect orindirect) frequenty have been found resuting 

in 
simiary degradedoverflow quaities. Finay the separatey-coected or 

free-discharging aone can produce mass reeases of contaminants harmfu 
toreceiving waters and in vioation of objective critera. 



AssessmentSurface 

generated probems and appropriate mitigaton measures aredifficut 
to assess because:• The 

events 

are irreguar and unpredictabe• The impacts 

are ikey to be highy time and ocation variabe• Other discharges 

or conditons tend to mask actual resuts• Reatively itte 

usabe 
oca data are avaiabe and new data areextremey time consuming and 

costy to obtain• Mtigation measures are 
argey 

conceptua and effectiveness is 1definedThese difficuties and the 

unquestoned 

need for soutions have spawned overthe past decade a major research and 
deveopment effort both in the UnitedStates and in other nations around the 

word. The resut has evoved in thedevelopment and appcation of a new technoogy 
which emphasizes time andspatia effects and tota system consciousness. 

Soutions are found not onyin improved hardware and process operations, but 
even more so in thestressing of management practices that imit the 

spread of the probem andattack it at its source.Because the fow quantties 
are high, reaching one 

to 
two orders of magnitudegreater than dry-weather fows, controwhether through 

fow baancing,mutipe uses of facities, runoff retardation, or combinations 
thereofisthe focus of cost-effective panning.Panning ProcessPL 92-50 

contans 
compex and far reaching poution 

contro incentves 

andcommits the federa government to eminate poution of the natonswaterways. 
Because of ther Impacts on fundng and program gudance, threesections 
of the Act have major signifcance: Secton 303(e), the StateContinuing 

Panning 
Process; Section 208, Waste Treatment ManagementPanning; and 

Secton 
20, Faciities Panning.Ideay, the 303(e) pan estabshes the waste oads; the 

208 pan provdesthe regiona overview and 
designates 

the 20 area and the impementngagency; and the 20 pan deveops specific 
project that is the mostenvronmentay sound and cost effectve for 

achieving the stated waterquaity standards.With respect to combined sewer 
overfows and discharges, presentconstructon grant poicy is [2Projects 
invovng treatment 

and contro of combined sewer overfows andstormwater dscharges may be 
considered ony after the panning 

processhas 
cleary established their cost-effectiveness. Such projects must 

be 



considered on a case-by-case basis after a carefu revew of 
aaternative contro techniques has shown that, even after industriaeffuent 

imitations and a mnimum of secondary treatment for dry-weather 
muncipa fows are achieved, the seected aternative is neededto protect the 

beneficia se of the recevng waters. See 75-34In spite of the rigorous 

restrictions, 
a number of maor combined seweroverfow abatement projects are 

being funded today. Seected miestoneprojects are described in Section 

8 of this report.NeedsUrban management is, in 
itsef, 

a 

continuous process. Essenta toits success is a constant process of innovation, 
demonstration, assessment,impementation gudance, and actve program feedback. 

Eventua program costswi be n the $0 biions [3, 4, 5 Such a program must 

be founded onproven capabiities, comparable methodoogies and assessment 

criteria, anexpanding data base, and a contnuous effectve technoogy 
transfer.The diffcuties cannot be regarded ighty. Much has been accompished 

andcear benefits derived; however, the greatest caenge--te transition 
frompanning to reaization (with noteworthy exceptons)--s sti before us. ReportIn 

972, the United States Environmenta Protection Agency through itsStorm 

and Combined Sewer 
Section 

(Edison, authorized the preparation ofa comprehensve investigaton and 
assessment of promising, competed, andongoing urban stormwater projects, 

representative of the state-of-the-art inabatement theory and technoogy. The 
report, completed by & Eddy,Inc., in December 973, presented in textbook 

format a compendium of projectinformaton on management and technoogy 
aternatives within a framework ofproblem identification, evauation procedures, and 

program assessment andseection.In the process, over 40 projects, totaing 
over $90 miion, awarded underthe EPA Storm and Combined Sewer Technoogy 

Research, 

Deveopment 
andDemonstration Program were reviewed, as we as other nationa and 

ocamiestone programs. The report. URBAN STORMWATER MANAGEMENT AND 
TECHNOLOGY:An Assessment, -74-040, December 1974, is availabe through 

theNationa 
Technica Informaton Service, 5285 Port Roya Road, Springfied,Virginia 

225 [Order number: 240 687] and the Storm and CombinedSewer Secton, 
EPA, 

Edson, 0887.The objective of this project is to improve and acceerate 
the transfer of newtechnoogy the fied of urban stormwater management 

from 
the researcher tothe potentia 

user.Presente 
as an UPDATE AND USERS GUIDE, the report suppements the earierwork by 

directing attention to the latest deveopments in the field, throughexpanson 
of 

the data base, by 

the addition of example probems, and by 



reconstructon of key projects in for more usefu to potentia decisonmakers. 
The UPDATE is desgned to be used in conjuncton wth, and not as arepacement 
of, the earier report.Descriptions, 

methodoogies, and probem soutions presume a genera under¬standng on the 
part of the reader of urban probems and soutonaternatives, such as coud be 
gained from the earier ork or coparabefirsthand experience. In this manner, 

it is hoped that redundances arereduced and that new work and 
information are emphaszed. Seected tabuarinformation, particuary characterzation 

data, costs, and performancecrteria have been repeated where bock 
comparisons are considered beneficaand where sgnificant modifications have been 

made.FORMATThe report presentation is organized 
into 

five 

parts, each contanngiustrative probem sets where appicabe. A gossary 
of key terms socated in the appendix.The frst part Approach Methodoogy 

dentfes the major 
panning 

gudancedocuments and toos avaiabe; highghts their utiity in quantifyingprobems 
and setting up approaches; and demonstrates ther appicablity 

inprogram deveopment.The second part Data Base and Normaizaton, provides an 
update of fied dataand 

approaches used to normalize these data for and mpactanaysis.The third part 
Best Management Practices for StormwaterContro, summarizes recent progress 

in 

egisatie, 
source, and contros and attempts to assess their reative 

cost-effectiveness.The fourth part Unit Processes, provdes a simiar update on appied 
unitprocesses with emphasis on performance characteristics, 

fexbity,operationa 
consideratons, and potentia cost effectiveness.The fifth 

part 
System Appications, emphasizes the tota systes approach andilustrates 

through case history exampes their deveopment from 
concept 

toimpementaton and, if operationa, to assessment.ReferencesThe source materia 
covered incudes that which was reeased, pubished, orobtained through 

direct contact over the period from January 974 

throughSeptember 

976. Both United States and seected foregn iterature arencuded. A compete 
bbiography appended to the report.Over 360 references were revewed 

covering 
ongoing, new, and compete projectsin the field of stormwater 

management. Considering the 33 month search span,this represents 

an average document generation of better than 0 per monthwhich is indcative of 
the intense activityand rapid obsoescence--of thetechnoogy and data base. 

Each reference reviewed was cataoged into one or 



more of seven broad categores and multipe as isted inTabe . A breakdown, 
iustratng the distrbution of source materiaacross these categories, 

is shown in Figure .TABLE . REFERENCE AND 

RETRIEVALCatgoretaed descrption Storge/treatent 

processes2 Poutant chracteraton3 

athematca modes4 

Management 

plannng5. Case studes6. 

Msceaneous artces7. 

Proect 
Inne 

storageOffne 

storaeSwr 

concentrators/reguatorsScremn9/cro£trannSedmentatonDissoved 

air fotatonStabizaon basnDsinfectonBiologca 
treatmentChemca 

treatmentCharacterzaton 

vauesSudge/sodsBologca/mcroboogcaChemc 
conttuents 

contamnantsSedmentHeavy 
metasanagementCostsStorage 

and 
treatmenCoect 

on/transportRecevng 
aterSedment 

controTreatent controSystem 
controEconomcsComparson 

of aternatvesSource 

controSampn/data 
Sewer 

separatonProbem 

characterzatonSystems 
anayssPiot 

pantsFu-scae pantench-scae 
testsFu-scae 

systemsAbstracts and 
bbographesSemnar 
papersCost Informaton nformaton 
proectsLegsatonProress reportsDATA 
BANKSince 97, 
the University of Florida has been engaed, under contract[6], 

in the aggregation 
of urban 

rainfa data colected byothers. 
These data are 

intended 
primariy for use in urban 

modecaibration and verification, but aso 
may usefuy 

serve to 
characterzeurban 

runoff 
on a 

nationwide basis. 



PRCESSESPROJECTS 
DFACLITIESTOTAL 

REFERECES1017CASE 
STUIES28 

POLLUTANTANAGEENT 

STUDIES4ATHEATICAL 

ODELIG3EB21270ISCELLAEOUSARTICLES5 

1CFgure . 
Source reference distribution.Locations 

for 
which 

data have 
currenty 

been assembed 
and 

paced 

on 

magnetictape 

are isted n the Appendix. Rainfa, 

and 
quaity data areavaiabe for 7 ocations whie 2 additiona ocations have ony 

data at present. Data are provided on a storm event basis: no ong-term 
(continuous) records are presenty incuded. Receiving water data areaso not 
incuded.EPA encourages active use and expansion of this Data Bank. A magnetc 

tapecontaining the data wi I be maied at cost to those who request it 
through and James 

P. Department of Environmenta EngineeringSciences University of Forida 
Forida 326.In addition 

it is known that there are many data sources aready 
in 

existencepus potentia feedback from many of the neary 200 EPA Section 208 
Waste Management Studies that may be sutabe for incusion 

in 
the Data Bank.As sources are deveoped periodic addenda in the form of summary 

reports andtape updates w be issued. 



SECTION 

2CONCLUSIONSIn 

the 3 years since the competion and pubcation of the 
initiacomprehensive 

assessment of urban management and technoogy [],much has been 
pubished on data and methodoogy; many panning studies havebeen initiated; 

severa 
demonstration projects have been competed orsignificanty advanced; 

and, most importanty, a number of major projects havereached the threshod of 
fina design and impementation.In terms of potentia 

investment, 
a samping of the atter projects is bothstaggerng and reassring.• 

Chicago, Ilinois $.8 bilon 

program to contro combined seweroverfows, partiay under construction 
with S662 miion worth ofwork to go under contract this year [2• 

San Francsco, Caifornia - $.5 biion program 

to contro combinedsewer overfows and upgrade exstng treatment with 
over $70miion in constructon, advertised or awarded and 

projected 
totasystem operation by 985 [3• Boston, Massachusetts - $0.8 

bilion program of treatment 

upgrading and combned sewer overfow contro andtreatment to be 
fuy impemented by 2000 [4• Rochester, New York - $0.4 blion 

program to control combined seweroverflows, 

expected 
to go under design this year [2]The figures are staggering 

because 
these four metropoitan areas comprise ony5% of 

the 

natons popuation served by combined sewers. Reassurance comesfrom the fact 
that these cities, on the cutting edge in stormwater management,have the 

confidence in today's new technology to move beyond the frustratingyears of study 
into beneficia and broad scae impementation. The impetus ofdesign and 

constructon 
works on this vast scae wl greatly acceerate ourbase of knowedge and 

impementation capabiities.Concusions with respect to the present eve of urban 
stormwater managementtechnoogy foow in the 

sequences 

as addressed in the body of the report. 



APPROACH METHODOLOGYThe 

basic approach concept may be viewed as a four step process:() 
quantifyng the need, (2) seective fied monitoring, (3) cost-effectiveness 

assessment and (4) impact simuations.• Toos 

for analysis range from reativey simpe desktop procedures tohghly compex 
dgita computer simuations. Of the avaiabe gudes,the guide [5] 

promises the greatest utity for the user.• Modes are avaabe in four 

appication categories as shown in Tabe 2.There are consderabe variations in 
mode compexity and utiity withineach leveTABLE 2. LEVELS OF MANAGEMENT 

MODELSAnaysseveIMode 
typeDesktopModecomplextyLow 



• In the final anayss, however, there is no substitute for experencedprofessiona 
engineerng evauation. The "east common denominationsoution" 

does not exist whether it be aimed towards design stormseection, 
impact anaysis, cost assessment, or pubic acceptabiityevauaton.STORMWATER 

CHARACTERISTICSCharacteristcs 

of particuar interest to the designer-manager are:() sources of 
polutants, (2) dscharge "end of the pipe" oadings, (3) pro¬cess residuas, and 

receiving water impacts. A ogca fifth category,beneficia reuse, is an 
emerging 

research need.• Major poutant sources and 

the related data base activitiesare shown in Figure 2.SOURCES OF POLLUTATATA 
ACTIVITY1 STREET 

2 MOTOR VEHICLES3 ATMOSPHERIC FALLOUT4. VEGETATION5. 

LAND SURFACE6 

LITTER7. SPILLS8 

ANTI-SKID AM CHEICALS9. 
CONSTRUCTION 
SITES10. 

COLLECTION 

NETORK1. 

CHARACTERZATION OF 
STREETDUST AND 

DIRT LITTERACCUMULATIONS2 





TABLE 3. COMPARISON OF TYPICAL VALUES FOR 
DISCHARGES Total 
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• Residua sudges from tratent processes are ikey to behigh in (voatie 
soids content abut haf that n rawprimary sludge), by conventiona 
processes, but so great nvoume as to provide major treatment and 

disposa probems. Furthercharacterization and design experience are 
significant research needs.• Receiving water impact evauations to date 

must 

rey on modesimuations due to the and variabiity of events 
and themasking effects of other discharges.BEST MANAGEMENT PRACTICES and 

ow structuray intensive aternatives, 

termed bestmanagement 

practices ffer considerabe promise as the frst ine ofaction to contro 
urban poution. By treating the probem at tssource, or through appropriate 

legisation curtaiing its opportunity todeveop, mutipe benefits can be 
derived. These ncude ower cost, earierresuts, erosion/food contro benefits, 

and an improved and ceaner neighborhood environment.• Probem prevention 
goas 

center about containment of a or part of therunoff and poutants near the 
source. Panning 

eements 
incude:. Utiization of and detention ponds2 Utiization of pervious 

areas for recharge3. Avoidance of steep sopes for deveopment4. 
of 

maximum and area in a natural undisturbed 
state5. 

Prohibiting deveopment on flood pains6. 

Utiization of porous pavements where 
appicabe7. 

Utization of natura drainage features• Construction contros 
such 

as minimizing the area and duration 

ofexposure, 
protecting the soi with much and vegetative 

cover,increasing infitration rates, and 

constructon of teporary storagebasins or protective dikes to imit 
storm 

runoff can significantyreduce receving water impacts caused 
by erosion.• Corrective maintenance and operation practices incude:. 

Contro of itter, debris, and agricutura chemicas2. Regular street 
repair and sweeping3. Improved roadway and 

materias 
storage practices2 



4. Proper use and mantenance of both and drainagecoection 
sstes5. retenton or 

detention of • Program success is dependent on 
egisation 

or ordinances, to force orencourage with the intended BMP, and 
concerted effort tomonitor compiance and educate not ony those who wi 
bear theresponsibity of reguation, but the pubic as we.• The 

greatest difficuty faced by BMP is that the 
action-impactreationships 

are amost totaly It is cear that storage, for 
exampe, can be closey reated to reduced downstreamconduit requirements; 

but the net water quaity benefits are far lessdefined. Simiary, 
cleaner streets and neighborhoods and enforcedegisation Mi eradcate gross 

poution sources, but to what imitshoud they be appied and who wi 
bear the cost? The fina answers ofcost effectiveness have not been 

found short of tria impementation.UNIT PROCESSESThe aternatives, or 
preferaby suppements to BMP, invove combinations ofstorage and high-rate 

unit processes 

and/or conjunctive use with existingtreatment faciites. Storage is considered 
a necessary contro aternative because of thehigh voume and variabiity 

associated with 
storm 

and combined seweroverfows. Storage faciites are frequenty used to 
attenuate peakfows, thereby reducing the size of faciities required 
for furthertreatment. Storage, however, wth the resuting sedimentation 

thatoccurs due to ncreased detention times, can aso be considered 
atreatment process, as shown in Figure 5.• Inine storage, the use 
of the unused voume in nterceptors and trunksewers to store 

runoff, is a particuary attractive option 

forcontroling urban runoff. Typicay, this alternative ncudesinstaation of 
effective reguators, eve sensors, tide gates, raingage networks, 

sewage and receiving water quaity montors, overfowdetectors, 
and and then appies computerzed coectonsystem contro. System 

effectiveness may be highy sensitive to thedegree and maintenance of the 
contro system as shown in Fgure 6.• Physica treatment aternatives 

are primariy appied for soids removafrom and are of particuar 
importance 

to storm andcombined sewer overfow treatment for remova of 

andsuspended soids and floatable materia. Physica treatment systemshave 
demonstrated capabity to hande high and varabe infuentconcentrations 

and and operate independenty of othertreatment facilities, 

with the exception of treatment and disposa ofthe sudge/soids 
residuas. 

The principa disadvantage reates tothose periods of time when 
equipment sits ide during perods of dryweather when impemented 
on a dua-use bass as either or3 





effuent poshing of conventiona treatment pant fows, reduced captainvestments 
may be reaized. Representative process efficiencies and costsare shown 

in Tabe 4.TABLE 4. 

COMPARISON OF PHYSICAL TREATMENT SYSTEMSPhysca unt 



up to 300 (6.8 The swir fow principe has aso been success¬fuly demonstrated 
as a grit separaton device and as a primary (treatment)separator 

(effectiveness 
presenty imted to reativey smal diameter,5.5 [8 ft] units) [0 

Investigations are proceeding on itspotentia use as a portabe 
erosion/construction ste treatment device [120 10 200 00 400 00 BOO 700 BO BOO 



High rate oxidizing agents, agent storage and handng, and 
highintensity mixing are major design consideratons.In 

practce, operation and maintenance costs for faciitesmay show a marked 
economy of scae as shown in Figure 8. Theiustration 

represents 
a cost to voume normaization of nnedemonstration storage 

faciities.D.0250.0200.0190.0100.03STORAE 

BFgure 

8. 



SECTION 

3RECOMMENDATIONSThe 

doar nvestent n federaly funded research and deveopment (R&D)projects 
for management is dwarfed by the existing and potentaconstruction costs 

generated off this data base. For exampe, Chicagospotentia investent of 

$662 miion in this. the first, year of itsconstruction program is 
more than 0 times the tota federa share n astorm and combined sewer R&D 

projects over the past teve years since programnception. If the requred technoogy 
base is to keep pace with or leadactivties on such scae, much greater 

emphasis must be given to the R&Deffort with particular attention to the 
foowing.IMPACTS AND BENEFITS• Ties between 

receiving 
water quaity 

and 

stormwater discharges must beceary deineated in a wide variety of 
circumstances. This wi requrecontinuous monitoring of the seected discharge 

fows and the affectedreceivng water bodies to observe tempora and spata 
impacts.• Quantification of the impairment of beneficia uses 

and water quaityobjectves by such discharges shoud be a major crterion 
of thesestudies.• As an aternative to direct discharge, benefcia 

reusethe 

acceptanceof urban as a potenta water resourceshould be sngled out as 
aprime R&D area. hat are the potentias? What are the hazards? hymight 
runoff be preferred over other sources? How can reiabiity bebut into 

designs to serve what specific uses? What is the costoutook? For 
exampe, can highway drainage be onded and reused forlandscape 

rrigation?• Renovated river systems, such as the San Antonio River n San 
Antonio.Texas, and 

the 

South River in Denver, Coorado (Fgure 9), shoudbe fuy researched and 
touted as cear evidence of documented benefitsto be derived fro improved 

stormwater management. These benefitsincude increased property vaues, 
aeviation of heath and sanitatonhazards, increased recreationa 

faciities and inear parks, food and enhanced community pride and [• Fnaly, 
the potenta beneficia reuses of the sudge by-prodcts ofstormwater 
treatment shoud be systematicay evauated. Is t suitabefor 

drect 
If washed, wi it prove to be suitabe8 



foundation and grading material? Fine aggregate substitute? 
Covermatera for refuse 



Specifc interests concern odor generation, soids settement and and 
waste stabiizaton.• The feasibiity 

of 
and storing in combined sstemsand subsequent reuse for syste fushing 

shoud be nvestigated anddemonstrated on a prototype scae,• The 
dua-use appication experience of new 

physica and, 1f appcabe,bioogca treatment prototype systems shoud be 
researchedin depth and pubished in a singe subject document.• The roe of 

wetlands in the natura treatment of urban runoff 
and 

in thesef-purifcation of streams shoud receive increased attention 
andinformation nation. Augmentation through apped and treatmenttechnoogy 

shoud be investgated.DATA MANAGEMENT AND OF INFORMATION• Centraied 
storage and retrieva systems for 

stormwaterquantity/quaity and impact data. either 

regionay or nationay, arerecommended as an adjunct to the 
essentia free and rapid fow ofpriceess data between the researcher and 

the user.• Information shoud be ogged as quicky as possbe ad 
tagged with anidentfier based on the degree of and 

verification ofentries accompished. A1 data not screened and verified within 
aspecfied tme of posting, say 6 months, shoud be dropped from 

thesystem.• A funded prototype demonstration projects shoud have 
mandatory, reporting requirement to the system on monthy orbmonthy 

basis.• 

hen of significant program interest, funding for continuous montoringand 
reporting beyond the norma project duration shoud be provided.• 

Access to 

the 
data bank system shoud be open to anyone at nominacharge. Semiannua 

istings and updates of ogged materia shoud bepubished.• Because of the 

continuing proiferation of pubications in the fied andthe tendency 
towards rapid data universa assessments suchas presented in this 

voume and 
its 

predecessor should give way torestricted subject area documents, thus 
permitting ore in-depthanaysis.20 



SECTION 

4APPROACH 
METHODOLOGYThe 

and compex nature of management assessmentsmakes systematic approaches 
essenta. Benefits to be derived from westructured and documented 

procedures incude the identification of oca datastrengths and weaknesses, of 
findings, and progressiveadaptation to new technoogy and data sources. 

The information presented nthis section provides the framework for the user 
to structure soution-orented approaches and demonstrates their appicabiity 

through iustrativeprobem soving. Subsequent report sections provide data, 
managementpractice, unit process, and experience updates to be 

utiized in turning theapproaches into practice.INTRODUCTIONTwo items have primary 
significance in framing 

approaches: 

() the basicconcept and (2) the leve of anaysis required.The Basic 
ConceptThe basic approach may be viewed as 

consisting 

of four major 

steps.Step 1 An effective approach methodoogy must be buit on a 

quantifiedneed. Thus, ogica first cut approach wil intermix () known 
drainagearea characteristics and hydrology, (2) reasonabe ranges of and 

source potentia, (3) background and direct dscharge (pointsource) oadings, 
and (4) prevailing water quaty conditons versusobjectives The purpose 

is to predetermine how much of what probemassociated with what event 
frequency coud be attributed to urban dynamics.Step 2. Seective 

fied 
montoring, guded by such anayses, shoud beconcentrated in critca stream 
reaches 

and representative catchments. Thissecond eve investigation is 
necessary 

to substantiate the ocaappcabiity of assumed "best fit" data and to 
refine estimates.Step 3. With the probem quantified and substantiay 

isoated, a cost-effectiveness assessment of abatement aternatves 

has an improved keihoodof success. In this assessment, unit processes 
and improved managementpractices, singy or in combinatons, are appied to the 
probem, costsestabished, and performance (benefits) quantfied.2 



Step 4. Fnay, repeat simuatons of the receivng waters, oaded underpost pan 
conditions, may be performed to yied a measure of the improvementspotentiay 

attainabe,Leve of 

AnaysisThe 
program 

for 

urban management for water quality benefits is anew and deveoping art. 
However, pressures fr rapid, balanced contro andrestoration of receiving 

water quaity have forced the program to centerstage aongside the reativey 
mature programs of municipa and industria treatment with severa decades of 

eperence behind them,Fortunatey, this condition has spawned severa 

toos and methodooges foridentifying and attackng stormwater probems, ranging 
from simpe desktopprocedures and to extremey compex computer simuations 

with to3 minute rea tme iteration cyces and with provisons for backwater,surcharging, 
oopng, etc. Unfortunatey, however, the core data on 

whichquantitative 
assessments are buit today are strikingy simiar, marking themore 

compex approaches with a stigma of potentia overki.Just as federa/state 
basin programs progress from waste oad aocation(Section 303(e) 

[ through probem identification and assessment (Section208) to faciities 
panning, design, construction, and operation(Section 20), so shoud the 

user be guided in his seection of toos andeve of anayss Desktop 
procedures may be entry adequate for asteoad aocations on the majority of 

streams that have minma historicalquaity records. Simpified models add 
the benefits of tota systemperspectie and time variabiity for advanced 

pannng for probemidentfication and assessment. Finay, detaied modes 
provde theconsistency and precision for fina design evauations and 

post constructionassessments. Each leve of anaysis and the appicabe 
toos wi beaddressed n the body of this secton.CHARACTERIZATION OF THE NATIONAL 

PROBLEMUnder contract to the a joint effort of the American Pubic 
WorksAssociation and the University 

of Forida has recenty produced 
aationwide 

Assessment of Combined Sewer Overfows, Urban StormwaterDischarges, 
and Urban [2 The methodoogy used, theassumptions made and probems 

encountered are of interest and potentiayappcable on both regional and 
anayses. Seected concusionsfrom that study foow:• Dry-weather fows 

represent 30 to 50% of the tota fromurban areas [the baance being wet-weather 
flows• Wet-weather organc oads from combned sewered areas are approxi¬matey 

four tmes higher 
than 

those from separate sewered areas.• Loading rates [poutant 
reeases to receiving waters] foruntreated dry-weather 

fow are higher than for wet-weather fow.However, if 90 secondary 
treatment is assumed for dry-weather BOD22 



generation, wet-weather oads are seen to be signifcant portionof 
the tota oadings from urban areas.• A 

generaed method for evauating the optima mix of storage andtreatent 
for et-weather poution oad reduction ndcated that aprimary type 

facity is preferabe up to BOD removas of about0%. A secondary faciity 
preferabe for higher evels ofcontro• The "first fush" 

assumpton, 

i.e., the assumed poutant rate, has a sgnfcant mpact on the 
assessment. Contro costsare about one-third less if a first fush is 

assumed.• Incrementa costs for wet-weather contro 

increase 
signifcantywith hgher contro obectives. This is due to 

thedsproportionatey arger contro unts needed to capture 
the essfrequent arger storms.• Sgnificant savings might be reaized 

[30 to 70 by 

ntegratingwet-weather 
quantity contro [storage] and dry-weather quaitycontro 

[joint use of "excess" treatment capacity• Approxmatey 39% 

of the combined sewer probem and 0% of theother 

wet-weather 
fows shoud be controed before initiatingtertary treatment 

contro on a nationa average basis using BODremova as the 
effectiveness measure.• [wet weather] pouton can govern the quaity 

of receivingwaters due to the shock 

effect and ong-term buildup of soids demands, turbidity, and smotherng 
of attached aquaticgrowths and organismsAn important 

additiona 
finding of the study was the identification of thegross 

inadequaces of the present 

data base and the high sensitivity of theconcusons to the assumptons 
[ground rues] requred for simuation. Themajor techniques appied and assumptions 

made are discussed n the foowingsubsections and in Section 5.PLANNING 
GUIDESGuides to panning the management of urban quaity may be dividedinto the 

foowing five principa 
components 

for the 

convenience 
of theirusers:• Determnaton of stormwater quantity and quaity at 

the outfa orinterceptor• Evauation and seecton of contro aternatives• 
Anaysis 

of 

receiving water impacts23 



• Assessment of poution contro costs and benefits• 

Exampes of methodoogy appicationsAmong 

the documents publshed since January 974, whch are designed to aidmanagers, 
three have been noted for their fuer treatment of these fivecomponents, 
athough on different eves of compexity and to varyingextents. These 

gudes are summarzed in Tabe 5.TABLE 5. SUMMARY 
OF 

PRINCIPAL PLANNING GUIDES - 
PrmnaryScreenng 

ProceduresHater Quaty 
ManagementPanning for 

Urban AssessmentProcedures 
ManuaPrepared byReease 

dateReference Ho. 
eveCoverages• 



The prmary objectives of this Level desktop procedure are to compare 
storage and treatment, domestic and management, on the bass of cost. 

Receiving water mpacts are not evaluated.The prospectve user of ths procedure 

shoud be warned that thedocumentaton is not designed as a manua 
or users' guide, but insteadreports a aspects of the procedure, 

incudng many considerations that entinto its deveopment. As a resut, a panner or 
manager wishing to impementthis procedure may find it difficut in paces to 

identify and foow itsprogression.The input data and princpa computatons 
requred by 

the 

procedure are asos:Information on and use (fve types) in the study area, 
and and 

areaand popuaton per sewer type (three types) is frst used to 
determinethe 

popuation served and popuation density by sewer type. Percent is 

computed from popuation densty. The annua ncuding pervous area runoff, 
s then computed from both the meanannua preciptation and the computed 
percent by a runoffcoefficient method alowing for depression 

storage. The annua dry-weather fow is cacuated from an average per capita 
fow and thecomputed population densty.A street sweeping frequency, 
with previousy obtained data on and use,popuaton density, and type 

of sewer system, is next 

used 
to computeannua average oads of five different wet-weather poutants. 

Dry-weather BOD oads, by type of sewer system, are computed from an 
averageper capita generation rate.Cost functions, ncuding operation 

and maintenance at 20 of the annuaamortization cost, are provded for 
four primary wet-weather 

controdevices 
(40% BOD remova assumed), two secondary devices (85 BODremova 

assumed), and four types of storage (no treatment in storage isassumed). 
A series of computatons based on the economic principes 

ofproduction theory yed optmized tota annua costs for combinations ofstorage 
and secondary treatment providing 25, 50, and 75 poutantcontro. In 

this area of the document, the procedure to be foowed bya user is very 
difficut to separate from the methods of ts derivation.A graphica 

representation of the methodology is given in Figure 0.For different 
combinations of treatment rate and storage capacity(expressed as the depth 

of runoff contained over the entire drainagearea) the curves in 
Figure 

0 represent equa degrees oftreatment. lines represent 
storae-treatment cobinations hichmay be impemented at the same tota cost. 

The pont of between an isoquant curve and an ine represents the 
mosteconomica combination for a gven degree of treatment. The optimumcombination 

for any degree of treatment can be found from the 
"expansionpath" through a 1 tangent points.A reatively simpe tradeoff 

anaysis procedure is provided to computethe amount of wet-weather 
poution that shoud be controed before25 





initiating tertiary treatment. Last, a procedure Is gven to 
roughyestimate 

the potentia savngs possibe from mutipurpose panning whichntegrates 
storage and treatment for wet-weather quaity control withdry-weather 
sewage treatment pants and/or storage faciities for wet-weather 

quantity contro. number of 

the 
methods used in this procedure were derived from theprincipes 

empoyed 
by, or from mutipe runs made with, an earier versionof the STORM mode 

[6 In particuar, this is the case for the coeffcient method, the street 
sweeping frequency reatonship, the poutantremova procedure, and the study 

of 
different storage/treatmentconfiguratons.Exampe cacuations for 
hypothetica 

cities are given for most steps of theprocedure, except for the runoff quantity 
and quaity anaysis and for thepotentia savings due to mutipurpose 

panning. 
Quality Management Plannng for Urban Runoff 

Research Company) [4]This earier (December 974) report is designed as a manua 

ntended toenabe panners to obtain a frst approximation, or general 
"first gance"assessment of the magnitude of the management probem. It s 

notintended to be used as a basis for abatement design; the broad objective ofthe 
method is to reduce discharge poution. Dry-weather fows are notaccounted 

for. The manua is organied into two sections, which () hepquantify the 
oca urban water poution probem without extensivedata generation, and 

(2) make preiminary evauations of cost-effectiveabatement and contro practices. 
Computers are not required to be abe tofoow this manual; however 

its desktop procedures are consideraby morethorough and sophisticated than 
those presented in I.In the first section, three dfferent eves of 

assessment 
(I, II. Ill) aresuggested for poution quantification each 

requiring more input data andanaysis and, therefore, each providing more 
sophistication and accuracy.Water quaity and quantity may be obtained as 

functions of time using LevesII and III, whch is especiay important for 
identifying the most poutingparts of the runoff and for treatment, storage, and/or 

disposa.In the second section, information is given about various 
abatement,treatment, and dsposa methods but no guidance is provided as 

to how thisinformation shoud be used in making panning and management 
decisons. Theauthors state that the materia in this section is not intended 

to serve asdesign criteria.No procedures are provided in this manua for 

considering receiving waterimpacts, athough the subject is dscussed briefy 
in a separate, 

short,state-of-the-art review. Costs are not considered or mentioned other 

thanfor exampes of some of the treatment methods. Two deficiencies noted 
in the Review Notice are: () the design storm is seected without 

consutingocal 
precipitation or data; and () pervious area runoff isassumed to be 

zero, when it may in fact be significant.27 



Input data and principa computations required by the procedures are 

asfolows:First, 

information on the foowing study area characteristics, by if 
these differ significanty, is colected: area sie, amountsof street and 
"nterconnected impervious" surfaces, and ength and sopeof the main drainage 

channe.Considering an 

average 
street sweeping frequency, or the tme eapsedsnce the ast haf inch 

of ran, contaminant surface accumuation ratesand materias composition 
are next determined by one of three methods ofncreasing sophistication:Leve 

I - using tabes of 

nationa 
daly averagesLevel II - using tabes of daiy 

averages for broad categoresand statistica confidence evesLeve 
IIIusng site specific data, 

either 

from site surveysor from the iteratureIn order to compute 
a design storm s 

first 
seected; a"typica" storm, ikey to occur two or more times 

per year isrecommended. Seection considerations and impcations are 
discussed.A runoff coeffcient method is then used to compute the resuting 

runoffrate.The voume of runoff from impervious areas for the 30-minute 
storm 

iscacuated from a simpe formua. Unit based on correations, are then 
synthesized separatey for interconnectedpervious surfaces and for 
street surfaces ony. These are then modifiedto refect the specific 

precipitation rate.Three aternative procedures of increasing sophstication 
are providedto assess the runoff 

quantity 
and quaity at the outfa from the entirestudy area. These are:Level 

I - simpy compute the average concentration per stormfrom the volume 
of impervious runoff 

and 
the amountof street contaminants removed.Leve II - the 

time 
varying quaity of the runoff (bothpoution 

concentration 
and cumuative oad) at 

theoutfa is computed by a repetitive procedure forincrementa 
time-steps across the simiar to that empoyed 

within the Storm WaterManagement Mode [7Leve III - 
the method of Leve II is used to determine 

thequantity/quaity hydrographs at the outet from 
eachsubarea; the 

various 
fow ag times to the studyarea outfa are determined from 

a and a28 



tabe; and then the agged from thevarous are 
combined by addition.The quality composton 

of the resuting discharge is determined byproportionaity to the tota 
soids content.The gudance provded by ths 

manua 
in the areas of treatment, abatement,and disposa methods does not take 

the form of a procedure, so no specificinput data are required. Instead, 

genera information s provided on each ofthe foowing:. Source abatement 
(itter, 

pubic 

incentves, 
city management)2. Technca abatement (improved street 

ceaning 
practices, airpoution contros)3. treatment• Storage and 

associated treatment 

[8]• Physica treatment 

(screening, high and ratefitration, 

swir concentrator)• Bioogica treatment (high rate tricking 
fiters contactstabiization)• 

Physica-chemica treatment4 Aternative methods of disposa 
(spray 

irrgation, 

infitrationponds). series 
of 

ten exampe cacuations, mostly for hypothetical study areas, 
isincuded. 

These exampes cover a the steps of the quaity/quantitydetermnation procedure. 
Assessment Procedures anual Mnicipal Environmental ResearchLaboratory) 

5]This document is 
specificay 

designed to guide the panning and managementof quaity, with particuar 
emphasis on 

urban 
stormwater. It asocovers municipa and industra, agricutural, and rura 

water poutioncontro. From the description of its proposed competed coverage, 
and fromthe portions reeased (Maiing No. ) prior to this writing it wi 

cearybe the most comprehensive and organized guide of those reviewed.The 
procedures of ths manual appear to be strongy based upon receivingwater impacts. 

They are provided at severa eves of pannngsophistication. 
Simpe 

procedures are recommended for initia anaysis todeveop the insight and 
probem understanding to guide the appication of themore compex 

technques, where required. It assumes that the simpesttechniques can 
often produce the necessary information that is to be used,29 



and it stresses practica decson making. Computer smuation is used bythe 
more advanced procedures of this manua.In the 

main, the manua does not provide a detaied, step-by-step procedure,but rather 
it discusses comprehensivey the many factors invoved andtechniques 

avaabe. hie It wi, as a resut, require consideraby morestudy and understanding 
for successful appcation ts use shoud provdethe most reiabe resuts.The 

portions of the manua 

presenty 
avaiabe dea wth the premnaryassessment of the probem and with 

procedures for assessng urban poution.The types of input data and principa 
activities 

required by these proceduresare as ows:Fundamenta information necessary 
to characterize 

the panning area(point sources, and use, hydrogy, receiving waters 
and the waterquaity are first described.Preminary procedures for 

dentifying and assessng 
probems 

aretreated next. Methods of waste source identificaton and 
evauationand receivng water anaysis, are thoroughy dscussed, and 

ahypothetica 
iustratve exampe of a preimnary impact anaysis 

isgiven.Aternative detaied procedures to assess the magnitudes of poutantads 
are 

discussed coprehensively. First, the eve of sophisticationrequired 
must 

be identified, and three eves of refinement are -suggested for defining 
transient oads. These are: averageyeary storm oad, actua 

event 
distribution, and variation withnevents. Second, the continuous 

point source oads (municipa,industria) must be characterized, and the 
need for monitoring thesources determined. Third, the 

intermittent point source oads must becharacterized, and, because of 
their variabiity, these require uniqueestimating procedures. For this 

purpose it is essentia to coect, ifnecessary, and anayze oca data on 
rainfa 

(most important), anduse, and conveyance systems. fter seectng an 
estimation procedurethat wi provde a suitabe eve of accuracy and detai, 

reation and the quaity must be charactered. A coefficient is 
suggested for the former and oca mom tori ifpossibe, is recommended 

for the atter. With these estimates in hand,the storm oads may be estimated 
and assessed Two particuar methodsare presented. The first 

is a simpified statstica method, for whchthe algorithms are given; it 
does not treat routing. An exampeappication to 25 years of records at 

Denver s described. The secondassessment method empoys continuous 
computer 

simuation, such as thatprovided by the modes STORM and 
(continuous verson). Thesmpified SWMM deveoped by & [9] is discussed 

inparticuar, incuding an exampe appication to Rochester, Portions of 
the manua treating procedures for assessing polutionand anayzng 

receiving water impacts were reeased after the competion ofths 
study; other portions to be reeased soon wi treat procedures 

for30 



evaluating and selecting control aternatives, and wil provide exampes ofthe 
two pouton assessment procedures. hen compete, this document wiundoubtedy 

stand as a key reference on 208 (PL 92-500 wastetreatment management) 
panning, for which it is specificay designed, and itcan be expected to 

signifcanty aid 20 (facities) panning.Other GuidesMethodoogy for 

the 
Study of 

Urban Storm GeneratedPoution and the next most 
important document in 

the 

fied is this report by Inc. 0 Its objective was to deveop standard 
procedures neededto ensure that a and combined sewage dscharges and 

treatmentprocesses 
coud be evauated by the same means. Therefore rather than 

beinganother 
panning gude, this report compements the existing panning guidesin two 

important areas: fied and boratory procedures for assessing both quaty/quantity 
and treatment processes.In the first of these areas (Section VIII of 

[0 standard procedures arerecommended for 
evaluating 

stormwater treatment processes, both for prototypeinstaations and 
demonstration units. The types of treatment processappication data needed to be 

abe to compare appications at different sitesare recommended both n 
genera and for specifc systems. Uniform methodsof reporting these data are aso 

proposed, together with standard methods fordescribing faclities and 
reporting 

their costs. Dfferent types ofefficencies which may be determined to 
evauate and compare treatmentsystems are described. These depend greaty 

upon the bypass routes andduratons, and incude the voumetric efficiency 
(treated voume, dividedby tota voume, V during the bypass 

periodrefer 
to Figure ), theovera efficiency (amount of poutants removed, M3-M divided 

by amount ofpolutants delivered, 3), and the treatment effciency 
(amount of pollutantsremoved, 5-M divided amount of poutants deivered to 

treatment, M).Such efficiencies shoud be obtained and compared for both individua 
stormsand for ong-term periods of year or more.Economic consideratons for 

decision makng are aso reviewed inSection VIII, based upon the varation of 
receiving water quaity withdischarge 

abatement 

investment. Tradeoffs between desred receving waterquaty and 
aowabe economic investments w be necessary and these shoudconsider a 

aternatves incuding integrated dry-weather and wet-weathersystems, tertiary 
dry-weather treatment, and management, techniques, and flood and erosion 

contro ntegrated with poution contro.To make such decisions, perforance 
curves 

for varous contro investents.of the type presented in Figure 2, are 

proposed.In the second area of this document, many standard procedures are 
recommendedfor executng a and cmbined sewage management study. The advicecontained 

is very practica being based on fied and 

nstrument3 



manufacturing experence and demonstraton programs. It covers the foowingtopics:• 

Samping 
procedures and considerations (sampe ocaton, frequency,type, 

size, number, containers, storage; use of automatc sampers)• Monitoring 

instrumentation (fow gagng; methods of constituentmonitoring; 
ran gages)• Quaity 

constituents, 
aboratory procedures• Describing 

stor 

discharges (parameters; categories of onitoringprograms, montoring 
needs of each).COMBSE1FLO T 





Interim Report on Loading Functions for Assessment of Water Poution 
FromNonpoint 

November 

975 
report by the Midwest Research Institute [2] is designedas a handbook for 

estimating the generation (or accumuation rate) ofpoutant oads for 
different types of sources, pus backgroundpoution oads. The types of nonpoint 

sources incuded are: sediment fromsoi erosion, nutrients and organic 
matter 

pesticides, sainity inirrigation return fow, acid mine drainage, 
heavy metas and radioactivityurban and reated sources, livestock in 

confnement, 
and fromandf.The oading functions for urban and reated sources 

empoy a 

subset of thepoution oad values reported in the prevousy revewed manua 
[4The 

functions are smpe products of terms. The street surface oadingsrepresent 
accumuaton rates before by street ceaning. Examplecacuations are 

given for Atanta, Georgia.Similar information is also given for contributions 
frm motor vehices only,and from pavement 

salt. The user is referred to other iterature formethods to assess the 
effects 

of these surface oadings upon urban quaity.Report to the Nationa 
Commission 

on Water Quaity on Assessment ofTechnoogies and Costs for Pubcy Owned 

Treatment 

simplifed method to determine the most economica mix of treatment 
rateand storage is provided in this report by Eddy, 

Inc. [3 Thismethod is based on an estimate of the voume required to stre 
the runofffrom 2-year, storm, and the treatment capacity required to 

processthe captured voume in 24 hours. The required storage voume in cubic 
metres can be expressed by99.9 360 units) (4-a)or 0.02715 KiAt - to 

(U.S. customary units) (4-1b)where runoff coefficient rainfa intensity 
(which 

varies by region), A 

service area, ha (acres) rainfa 
duraton, 

hours treatment process capacity required to 
treat 

captured voume n 24hours 
/s 

(Mga1/d) runoff duration, hoursThe frst term in this equation 
is the tota runoff to be 

stored; the secondterm is the 
amount of runoff treated during the storm.34 



The tota cost of treatment and storag can be expressed 
by99.9 

Q[C - 360 units)(4-2a)or 0.0275 

where 

24(U.S. customary 

unts) (4-2b)unit 
treatment cost storage cost 

for bured basin, 
which averages about264/3 ($ As a result, the optimum 

strategy is to mnimize the 

treatmentcapacty for nt treatment costs greater than 360 and 
to maximizethe treatment capacity for ess than 360 Ct (SI units).Comparison 

of GuidesTechnically, the three prncipal guides revewed 
are 

ony fy comparabefor 

ther computations of dscharge quaty and quantity. This comparison issummared 
in Tabe 6.TABL 6. URBAN PROCEURES OF THREE GUIDESue proceure uaty 

procedure ofFora [3]UPS 

esearchComany [4[5] coeffcent,annua andumt 

coeffcent,three 
eveFro popuatondenstyFro tabes 

oroca 
ocamontorngComputers 

are 
needed ony for 

the more 

compex 
procedures of 

the gude [5 

Simple procedures 
are provided 

by 
both the University 
of 

Foridaguide 

[3] and 
the 

EPA-MERL 
guide; the 

manua is 

generay 
intermedate 

incompexity 
[4Procedures for sources and areas are included in the MidwestResearch 

Institute report [2 and Chapter 4 of the comprehensve EPA-MERL 
guide.As regards user convenience, the Unversity of Forida guide is verydfficut 

to folow in a 

number of areas; the URS manua contans sometransposed sequences whch 
may be confusing on first contact. Ony the firsthaf of the URS manua 

approaches 
being 

a step-by-step procedura guide, theother documents are primariy 
discussons of the various steps which shoudcomprise management pannng for 

urban quaity.35 



MATEMATICAL MOELSAn 

ncreased awareness of the signifcance of poution hasrecenty generated 
more interest in ntegrated dry-weather and wet-weatherpoution contro 

systems and food and eroson contro. The addition ofthese panning methods has 
greaty added to the compexity of the analysesrequred, and to the desrabity 

of repettve simuation procedures,partcuary computer modes, to evauate 
the many management options.Many new modes for the assessment, 

pannng, 

design, and contro of storm andcombined sewage systems have been reeased 
since 973 and a number of reviewsand comparisons of these modes have aready been 

pubished [5, 14-8 Thevariety of complexities, capabiities, and intended 
purposes of these modeshas suggested various categorization schemes.The avaiabe 

models are summarized and model appication 

is discussed in thefoowing paragraphs. The intent of this subsecton is to 
present amethodoogy for mode use, rather than provide a detaied 

description of themodes themseves and their capabilties. Exampes of mode appications 
areincuded in the folowng subsection.Avaiable ModelsUrban stormwater 

management modes can be cassed into the 

foowing 
fourappcaton 

categories:. Probem assessment2 Panning3. Event anayss4. OperationalThe 
frst three categories 

tend to bend into 

one another, 

on an 
ascendingscae 

of 
compexity 

and detai. The purposes and characterstics of thesefour fundamental 
types of mode are summarized in Tabe 7; there areconsiderabe variations in 

model compexity within each of these types orleves. Whie certain Leve 
III models coud provide continuous simuation,for exampe, they should not 

be considered members of Level II if their hghcompexities require overy 
arge 

amounts of data and execution time.Operationa modes, in the fourth category, 
are more distinct in nature fromthe other panning/anaysis modes. 

Of moderate to advanced compexity, theyare used to produce contro decisions 
during storms most commony forreguator operation (overfow contro), but aso 

for in-system storage anddiversions. Rainfa data are entered from 
teemetered 

stations, and themode continuay predicts in rea tie system responses 
a short time into thefuture.36 



TABLE 7. LEVELS OF MANAGEMENTAnalysseve 

ode 
typeModecompextyPurpose of modeode characterstcsIIDesktopContnuoussmuatonLo 

tomedumLo 

tomedumIIISnge 

eventsmuatonMedumto 

hghIVOperatona 

MedumProbem 

assessment,prelmnary 

pannng,aternatve 

screenngProbem 
assessment,pannn 

premnaryszng of (partcuary 

storae),aternatve 
screenng.Assess 

long-termmpacts of 
desgns.Anayss for desgn,detaed 

pannngRea-tme coverage 
ofsewerage 

systemsNo computers 

Equations, based 
onstatistca anayses 

ofmany years of 
recordsProgram of few 

hundred tofew thousand 
statements.Uses many years of ranfarecords 
wth day tmesteps, 

or 
worst 2 yearswith houry 

tme steps.May Incude fow 
routngand contnuous 

recevngwater anayss.Program 
to over 10000statements. 

Hghermodeng precison, 
fromranfa through 

sewers,possby to recevngwaters. 
Short-tme 

stepsand smuaton tmes.Fewer 
aternatves to 

beevauatedUses teemetered 
ranfadata and feedback 

from sewersystem 
sensors to contnuaymake 

short-term predctonsof 
system responses, and 

soproduce 

contro 
decsonsduring storms.The 
basic capabiities of 29 

major models, argely based 
on recent reviews[5, 4, 5 are 

summarzed in Tabe 8. For 
the convenience of theprospective 

users, 

the modes are organized into the previousy discussedcategories, in order 

of increasing sopistcaton.A few of the computer modes in Tabe 8 
are isted under more than one level,because they have mutipe capabiities. 

A number of the modes are seen tohave no capabiities 

to simuate water quaity. Athough the objective of management is to contro 
poution, certain supportng anaysesrequre quantity simuation ony. An exampe 

woud be for making an initiastudy of storage/treatment tradeoffs, when 
sizing 

wet-weather treatmentfaciities for a dua wet-/dry-weather treatment 
system.Certain of these computer modes stand out for various reasons, 

incudingtheir 
avaiabiity and success in appications. Ffteen were found toprovide 

few additional specia features, and therefore were 
not 

recommendedfor routine appication except in specia circumstances [5 The 

seectedodes are identified in Tabe 8 with asterisks. Brief descriptions 
largeydrawn from the above mentioned reviews [5, 14, 5 are provided for 

each ofthe seected computer modes, generay in order of increasing compexity 
in37 



TABLE 8. CHARACTERISTICS OF PLANNING, DESIGN,AND 
OPERATIONAL MODELS, BY LEVEL, IN ORDER 

OFINCREASING 



TABLE 8. (Concuded)* 

n 



the foowing discussion. Desktop modes and procedures Anaysis Level I)not 
requiring computers are not ncuded since they were descrbed previouslyunder 

Panning Guides.Simpified 

Management ModeThe Simpified Stormwater 

Management Mode, deveoped by & Eddy, Inc.[9], is an inexpensive, flexibe 
too for pannng and preiminary sizing ofStormwater faciites. It consists of a 

combinaton of hand computationprocedures and seven smal computer programs 
totaing ony a few hundredstatements. Together, these provde continuous, 
time-varying simuation, andstatstica characterizations. Without smuating 

transport, the modeassesses the storage-treatment balance, evauates 
the quantity and quaity ofpotentia overfows, and may be used with most receiving 

atermodes. It does not treat water quaty other than at overfows. 
Overfowquaity 

and a costs are computed by hand, and so any number of quaityconstituents 
may vary with time in any reaistic way. It requres thefoowing 

data: the characteristics of the overfow stcture(s), generacharacterzations 
of the drainag and the interceptors, treatmentrate and storage voume, 

monitored data on overfow quantities and quaity,and ong-term houry rainfa 
records, preferaby for at east 20 years.Corps of Engineers STORM Storage, 
Treatment and Overfow Mode (STORM) of the Corps of Engineers Engineering 

Center was orignay deveoped by 

Mater ResourcesEngneers. Inc., and has since been revised and expanded a 
number of times.It was designed primariy to evauate the Stormwater storage 

and treatmentcapacities required to reduce untreated Stormwater and combined 
sewageoverfows beow specified vaues [9. 20 The model contnuousy smuatesthe 
time varyng fow of and five conservative quaityconstituents from 

many urban and and uses withn a singecatchment, without routing them through 
a sewer network. It does not incudetreatment or costs, and is 

not intended for design purposes. Datarequirements are uch the same 
as for the Simpified above, but with theadditiona need for gutter densities, 

depression storage capacities,accumuation rates by and use types 
and quaity compositon of dust anddirt, and street sweepng frequency and 

efficency. Simuation Program—The Hydrocomp Smuaton Program [2, 22 deveoped 
by HydrocompInternationa. Inc.. Is the commerca successor to the 

Stanford WatershedModel. It is a very comprehensive 

mathematica model for 

simulatingwatershed 
hydroogy and fow routing, whch has been used extensivey tomode 

existing and planed surface water systems of both rura and urbancatchments. 
It can be used for both snge event and continuous wastewaterfow 

and quaty anayss (7 constituents). Of more concern to singe eventmodeing, 
it does not ncude sedimentation and scour and water quaityreactons 

in 
sewers, cosed conduits, surcharging and pressurefow, sewer fow contro 

and dversion structures, wastewater treatment, norcapabtes for design or cost 
cacuatons. HSP Is a propretary mode,40 



and users must contract with in order to make routine appications;users manuas 
are avaiabe describing the operaton of the mode. datarequirements are 

extensive and incude: precipitaton (rain and snow), airtemperature, and 
potentia ration, dew point, soarradiation, and wind velocity if avaiabe; and a 

number of caibrationparameters (e.g. infiltration, depression storage, 
soi moisture storage,snow parameters, channe characteristics, watershed 

segments, and channereaches) that require considerabe user ski and experience 
to determine.The MIT Urban atershed Massachusetts Institution of 

Technoogy 
Urban atershed Mode, 

orCatchment 
Mode was originay deveoped at MIT and ater modifiedby 

Resource 
Anaysis, Inc., for the US. Office of Water Resources Research[23, 24 It 

simuates the time-varying from severa catchments and asewer and open channe 
network incuding oops and and divergingbranches; it is imited to the 

simuaton 
of singe runoff events. MITCATincudes backwater and surcharging, and 

a separate mode with design featuresto compute the sizes and costs of 
sewers, 

storage and treatment faciitieswhich w resut in the east cost combination 
of aternatives for theeimination of untreated overfows and the reduction 

of fooding andsurcharging. The mode does not incude water quaity or fow 
reversas.Potentia users must contract with Resources Anaysis, Inc., 
for routneappications. Detaied data are required on rainfa, the 

catchments, 
andstreams; data are aso requred on evaporaton, nfows, the 

storagereservoir, 
and soi erosion parameters. Looped Sewer Mode—The Looped Sewer 

Mode consisting of about 3000 FortranStatements, was deveoped by 
the French consulting firm dpications 

(SOGREAH) [25 It is a 

verycomprehensive mode for routing wet- and dry weather fows and water 
quaityconstituents through compex sewerage systems and appears to be imited 

tothe simuation of singe runoff events. It woud be most usefu 
where theconsideration of backwater, downstream fow contro, diversion 

structures,retenton basins, surchargng, and fow reversa are important features 
ofthe 

sewerage system assessment. Mutipe-shaped conduts and channes,nverted 
siphons pumping stations, and receiving water fow and quaity(separate 

program) 
are incuded. It does not ncude and usecharacteristcs, sedimentation 

and scour, quaity reactions, ordesign and costing capabiites; storage 
facities appear to be incuded.CAREDAS s a proprietary mode of SOGREAH, 

who have North Americanrepresentatives in New York City and 
Quebec, Canada; a usersmanua s avaiabe in French. Design and dry-weather 

flow are required for each inet, rather than inputtng recordedrainfa data 
Catchment characteristcs must be specifed in moderatedetai, and 

data 
on a the system components are requred.4 



Urban Wastewater Management 
Mode—The 

Urban Wastewater Management Mode (BNW), deveoped by is a coprehensive 
mathematica mode for design optimizatonand/or rea-time contro 

consdering quaty objectves [26 27It simuates the time-varyng fows of wastewater 
and sewer quaityconstitents through major sewer system components, 

such as trunk andnterceptor sewers, reguators, storage faciities, 
and treatment pantsfor ndividua storm events ony. It enabes the performance 

of a pannedor exstng sewerage system to be evauated under varety of 
ranfaconditons without simuatng a the minor system features, through the 

useof umping techniques. The required operaton of controregulators during 
storms can be modeed in rea time to minimize overfows.It is particuary 

suited to simuating arge metropoitan areas wthout theneed for defining 
each sma sewer. BNW wi aso compute sizes and costsof structura modificatons 
to major sewer system coponents, which wiresut in the east-cost combination 

of aternatives for improving systemperformance. The mode does not 
incude 

downstream fow contro and fowreversa in-ine storage, and use 
considerations 

wastewater quatyreactions and sedimentation and scour, or receiving 
water fow and quaity.Information on the genera characteristics of 

the catchments is requred inmoderate detai; cumulative ranfa data per catchment, 
and thecharacteristics of a the system components are aso required.Storm 

Water Management Mode—The Storm Water Management Mode was 
originay deveoped by & Eddy, Inc., the University of Forida, and 

Water Resources Engineers.under 

the sponsorship of the [7], and subsequenty proved by theUnversity of 
Forida [28 This program, consisting of some 2 000statements, is one of 

the most detailed and comprehensive mathematicaodes avaiabe for the 
simuation of singe event urban storm sewer discharge, and combined 

sewer 
overfow phenomena It ncudeseight water quaity constituents, pumping 

stations and diversion structures.sedimentation and scour, tretment and 
storage (in-ine and overfow), bothwith costs, and two-dimensiona receving 

water quaity and quantitysimuation. It does not ncude downstream fow contro, 
orquaity reactions in sewers and storage. The extensive datarequirements 

are summarized in Tabe 82 of reference [8 They incudedetaied data on 
the catchments and the system structures, information todefine the 

system maintenance the dry-weather fows and the receivingwaters, 

and numerous rainfa records, runoff and combined fowquaity measurements.The 
Method and Quantity-Quaity Simuation Program—These two modes, and 

were deveoped in Germany by Consut[29, 30 HVM is singe event mode 
which does not simuate waterquaity. The QQS mode, consisting of nearly 30 

000 Fortran Statements, 

maybe used for both continuous or singe event quantity and quaity 

simuation.Its extensive capabiities incude backwater and surcharging, 
pupingstatons and various diversion structures, storage, overfow and 42 



treatment and statistca analysis of resuts. It does not ncude 
sedimentaton 

and scour, water quaity reactions, or design andcosting capabiities. 
The modes are both proprietary, and arrangements touse them must be 

made 
with Consut ofMunich, Germany; a users manua is avaiabe. The 

detaied datarequirements are generay simiar to those of SWMM, 
above.ater 

Resources Engineers Storm Water Management Mater 

Resources 
Engneers Storm Water Management Mode [3]s a 

modified 
version of SWMM, described prevousy. It is a singe-eventmodel noted for 

ts capabity to simuate a important hydrauic sewerphenomena, pus six 
water 

quaty constituents. It shoud therefore be usedin appications where the 
ess common hydrauic phenomena are important.Major dfferences from SWMM are 

that it ncudes no in-ine storage,treatment, or costing and desgn 
capabiities. Receiving water fow andquaity can be simuated by a separate 

mode. Its extensive datarequrements are very simar to those of SWM, 
however, wth the additionarequirement of ground surface eevations 

at 
manhoes. This modeng optonis avaiabe in SWMM reeases after November 975 

under the identification"Extended Transport."Seatte Computer Augmented Treatment 
and Disposa Seatte Coputer Augmented Treatment and Disposa System of 

theMunicpaity of 

Metropoitan Seatte is an operating system for the rea-time 

contro of untreated overfows from the main trunk and interceptorsewers of 
the metropoitan Seatte, Washington, combined sewer system 32It does not 

incude a comprehensive mathematica mode for the simulation ofcombined 
at 

this time; instead, it incudes rea-time dataacquisition of rainfa, water 
eve and quaity data, and remote automaticcomputer contro of regulators and 

pumping stations governed by rue curvesand provided with manua overrides. 
Storage reservoirs, in-system waterquaity, and desgn and costing capabiities 

are not incuded. The programsare system specific and not for genera applicaton 
esewhere.The system has been very effective in reducing poutant 

discharges;however, a more comprehensive simuation mode shoud be considered for 
newsystems [5Selection of Mathematical ModelsThe key criterion in the seection 

of modes is the probem under study.Pannng projects wi probaby 
be 

viewing broad and significanty dfferentdeveopment scenarios, perhaps 
basin-wide in 

scope; 
desgn projects wi bemore 

cosey 

aied to casting a soution in concrete; and the desgners ofoperationa 
contro systems w be most concerned with rapid responseestimation and decision 

making in rea time. Obviousy, the precisionrequired, range of aternatives 
to be modeed, and time avaiabe differgreaty for each of these types of 

objectves. Numerous cases have occurredwhere a mode was seected first, 
and then an entire study structured aroundthe model; it is most important 

for study personne to recognize that themode is simpy a too to assist n 
the conduct of their study.43 



Initay, the foowing questions shoud be addressed when considering thepossibiity 
of usin modes:. hat is 

the probem t be soved?2. What 
resoution 

is required?3. Is a mode 

needed, 
and if so, what approach is necessary?4. hat cabration 

and verification nput data are avaiabe?5. What are the cient's 

requirements?Each of these questions 

wi be discussed.The different broad types 

of probems which may be confronted have just beenmentioned. Ceary, study 
objectives shoud be identfied as specificayas possibe, to faciitate communicaton, 

focus of effort, and commtment.These objectves shoud incude statements 
of the studys majorconsiderations, the controing phenomena, 

the nature of the occurrence thats to be abated, and the types, ocations, and 
performance of the contros.These wi a hep to identify mode characteristics 

that may be needed(Tabe 8). Aso desirabe wi be information on any unused 
capacityavaiabe, mpementation and funding constraints, and the 

baance 
betweenknown data and assumptions, and how this baance might change in 

the future.The tempora resoution required may be by mnute, hour, day, 
season, 

oreven by year; it wi depend strongy upon the type of water quatyprobem, 
hydrauc characteristics, and receiving water. Spatiay, theresoution 

wi depend upon the positions of points in the system wheremonitoring 
information is avaiabe and/or woud be most beneficia Theseected mode 

must be sufficienty sensitive to yied output differenceswithin the known 
ranges of given variabes.If it has been estabished that the probem 

confronted 
is sufficientycompex that it justfies 

some kind of methodica approach, then modes maybe appropriate. However, 
these may range a the way from specific handcacuation procedures, through 
charts and omographs to computer modes.Combinations of these various 

methods may aso be used. Usuay thesimpest mode which simuates the desired 
phenomena with adequateyaccurate mathematica formuations shoud be 

seected. Advanced modesnormay shoud not be used unti their need has 
been demonstrated by essadvanced ones such simpe demonstratons shoud aso 

provide usefu insightinto the advanced study. Input data requirements and 
computer running timesgeneray increase wth ncreasing compexiy of the 

mode.Desktop 
procedures may be entrey adequate where gross assessment isrequired 

of the reative oads of various sources and their impacts 

on waterquaity. Continuous, simpified modes add the benefts of tota 
systemperspective for probem dentfication and assessment for advanced panning,whe 

detaed modes enabe fina design evauations and post 
constructionassessments.44 



Some modes include options to suppress portions of the simution if onyseected 
phenomena are of interest; such features shoud be considered inmode 

seecton. For some purposes, primariy the design the sanitarysewage 
systems, steady-state modes are adequate to compute the east-costcombinations 

of sewer pipes and sopes for specfied infows. modes are required, 
however, 

to adequately anayze compex storm andcombined sewerage systems under 
dynamc conditions. The smuationof quaity adds considerabe mode compexity, 

even if limited toconservative substances. The compexity increases 
substantiay if bothstorm- and dry-weather water quaity are computed, 

and if treatment and receiving water fow and quaity are being 
modeed.Computer modes foow operating rues without exception or 

interpretation,and 
can process mountains of data wth reative ease. The deveoper 

setsthe 
rues, and in most cases the options, and the user furnishes the 

dataand 
is eft with the resuts In deciding how to mode, and even whether ornot 

to mode, the prospective user should assess this process cosely. Whatdata 
does he have or can he get? hat are the operating rues he can ivewith? il 
he do with the resuts?Models require input data upon which to operate, 

whether real or fabricated.The size and 

quaity of the data base are key to grow during the courseof the work. To 
select modes effectvey requires that the data basestrengths, weaknesses, and 

dynamics be identified beforehand. If suitabedata are not availabe, 
and adequate funds and time for data coection arenot provided the use of a 

compicated mode may be rued out.The results of the study for which modes 
are contempated must be approvedby the cient. His requirements 

and needs, incuding miestones and and his budget resources, may have a strong 
influence ponwhether and what type of modes wi be suitabe for the 

job.If, after preiminary anayss, it seems that a mode is needed, 
severalfurther factors shoud be considered:. Are suitably quaified 

personne availabe to do the work?Modeing is an art, and should be carried 
out ony under thedirect supervision 

of suitably quaifed and experiencedprofessionals.2. Are modes 
avaiable tat have aready been caibrated and appiedocay? 

Since the fina testing of aternatives is reativeyminor 
portion of the 

total cost of mode applicaton, asignificant search effort is 
justified.When the decision has been made to use modes, a carefu and 

systematicexamination of avaiable toos is warranted. Three 
reports publishedrecently by the 

provide 
invaluabe information and guidance for thisundertaking:. "Evauation 

of ater Quaity Modes: Management Guide forPanners," by Systems 
Contro, Inc. (SC [33]45 



2. "Assessment of Mathematica Modes for Storm and Combned 
SewerManagement," by [43. Appendx A: Mode 

Appcabity 
Summary of AssessmentProcedures Manua," by the Municpa 

Envronmenta ResearchLaboratory [5]The SC1 report provides an excelent 
procedure for 

model 

evauaton andseection. Athough this procedure is directed prmariy at 
water quaityodes, the same genera methodoogy coud be effectivey apped 

todranage odes too. The report aso contains a chapter on contractng 
formodeing servces which is appicabe to any modeing actvity. The modeseection 

procedure is summarized in a recent technica paper [34 Themain objectve 
of ths procedure which invoves ode performance indexdetermnations and 

overa cost-effectveness comparisons, is to provide aforma method, as 
objectve 

as possbe, for making comparisons. Theseection procedure is organized 
into phases of increasing eve of detai,each of hich may or may not 

be required depending upon the nature of theproblem being confronted.The 
and ERL reports [5, 4 together with a subsequent technicapaper [5 summarize 

in considerabe detai 
most 

of the modecharacteristics required by the selecton procedure. Furthermore, 
theMERL document provides a mode appicabilt summary prepared 

especiay forthe 208 panning process, whch expands on many of the 
aspects 

revewedherein.hen makng mode seectons, n the manner descrbed above, 
would bewe to keep in mnd the fo owng. A of the modes are in use andundergong 

continua 
change, so that the availabe descriptions may not beup-to-date. 

Aso, most of the models have one or more derivatves, whichmay or may 
not be of equa or better utity.Appication of Mathematica ModesMode appicaton 

may be thought of as consisting of three steps:calbraton, verificaton, 

and anaysis.The purpose of caibration and 

verfication is to adjust the vaues 
of 

athe unknown or uncertain model parameters unti the mode 
predictionscorrespond acceptaby wth the 

observed 

prototype behavior. Cabration isthe frst phase of parameter adjustent, 
with a first set of prototype nputand output data for a representative 

simuation period. Verficaton theninvolves modeing at east one different 
simuation period, with a dfferentset of prototype input and output data, using 

the originay calibratedparameters. If the mode predictions for these 
subsequent simuatonperiods do not aso agree acceptaby with the corresponding 

prototypebehavior, then the model is not yet verified, and further 
caibration, or is necessary, ne simuation periods for event modes wcontain 

seected storms, for continuous simuaton modes they shoudconsist 
of 

suitably ong perods of record. It is mportant that 11 thevarious smulation 
periods used for caibration and verification shoud46 



correspond to sgnificanty different prototype conditions, and that (2)some 
of them should approximate cosely the conditions to be studed in 

thesubsequent 
anaysis.The 

modes 
descrbed previousy have generaydemonstrated an abiity topredict 

quantities with sufficient accuracy and with reativey minorcaibration effort 
required. This is not true of water quality, however.The modes are very 

senstive to poutant accumuation and functions, and as a resut most of 

the mode cabration effort needs to bedirected to this area. In partcuar, 
any defaut vaues for caibrationparameters shoud be carefuy examined for 

their to theoca stuaton. Whie runoff quantity may be satisfactoriy 
caibratedusing data runoff quaity shoud be cabrated using currentoca 

information. 
One technque for faciitating appcations of detaedmodes to etensive 

areas is to calibrate them on one or more sa and then extrapoate the 
resuts 

to the arger study area.Very arge amounts of data may be required 
for caibration and verfication.These wi incude rainfa, catchment 

characteristics, 
sewer network, sewerfow, and receiving water data. Generay, the 

most przed data representcause-effect reationships. Exampes might incude 
changes 

in pant infowcharacteristics between dry- and wet-weather periods; 
measured reationships; intensive stream surveys correated withdeveopment, 

treatment performances, and, ideay, storm occurrences; anddocumentation 

as to the time, ocation, and duration of overflows.More sophsticated 
models generay require proportionatey more Input data.Athough the gathering 

of the mass of data required for a very comprehensivemode can be 

a formidabe task, it usuay comprises a major share of thecost of modeing, 
and the subsequent use of the mode for evauatingproposed addtions or modifications 

to seerage system can contribute toarge cost savings. Very hepfu 
information on monitoring and samping fordata coecton is provided in 

the report [0] discussed in thepreceding review of panning guides.Wth 
cabration and verficaton satisfactory competed, the mode isfinay to be used 

for anaysis. This invoves runnng the mode forvarious test cases for which 
adequate prototype output data 

cannot 
beobtained economicay. A1 such mode runs shoud be made bearing in 

mindthe extent to which the smuated conditions have been extrapoated from 
thecaibration and verficaton conditions. The anaysis exercises shoud 

bereativey straghtforward, uness the resuts Indicate, as they often wi.that 
unexpected conditions have been met and further assessment orcaibration is 

needed.The utiity of mode appcations is iustrated in the 
foowingsubsection.ILLUSTRATIVE 

PROBLEMSThe foowing exampes iustrate different mode appcations 
to a singewatershed. The modes chosen for these demonstratons 

range from desktop47 



modes (Leve I: probem assessment) through continuous simuaton mode(Leve 
II: pannng) to singe event siuation modes (Leve III:anaysis). The 

exampes were chosen to iustrate aternative approaches tosoving a variety of 

urban poution probems.The basin (typicay Caifornia 

suburban, medium densi residentia) isfirst broady characterized, for the 

benefit of a exampes, by the generacharacteristics isted n Tabe 9. The basin 

is shown n Fgure 3. Eachsubsequent exampe probem incudes a statement of 

its objectves,addtiona specific conditons whch appy, assumptions 
made, the soutionin a series of steps, and concuding comments. The objective 

of theseexampes, particuary for the more compex computer modes, is 
not toprovide reproducbe detas of the computations, but rather to 

iustratethe varied capabities of the approach methodoogies.TABLE 9. DEMONSTRATION 
AREA GENERAL CHARACTERISTICS1. Watershd name 

Creek2. 
ocaton Santa Cara County, Caforna3. Tota 

area, 

acres 90704. Tota popuaton 72 
9475 Mean annual precptaton, In. 8.356 Average street 

sepnginterva, N, days 4 
( pass each 2 7. Average 

BOD 
generatonrate, 0 248. Average 

generaton rate, d 249. 
Resdental popuaton byseer typeCombned 0Storm 

72 917 0Tota 72 9470. 
Land use by sewer type, 
acresLnd useResdenta Deveoped 

undeveopedSystem 
type Resdental famy Commerca 

Industral 
open 

space open space Agrcutura 
TotaUndeveoped 

00 000 34 0 34Combned 00 00 
0000 

343 0 
333 54 038 0 0 5956deveoped 0 0 

0 0 0 0Tota 343 0 333 154 038 34 0 9070acre 0.405 - han cmb x 0.454 kg48 





EXAMPLE PROBLE 4-: INITIAL ASSESSMENT OF THE ANAGEMENT PROBLEM (UNIVERSITY OF FLORIDA DESKTOP"LEVEL 
I" METHOD 

[3Determne 
the average annua fows and poutant ads 1n the wet-weather and dry-weather fows fromthe specfed 

area.Specifed 
Condtons(None 

n addton to 

the enera Characteristics, Tabe 9)Assumptons. Depression 

storage by 
and 

use £3, 3] s:Land use Depresson storae 
in.Impervious 0.0625Pervous 0.252. 

ry-weather fow are 
generated 

ony 
by resdenta and use.3. Popuaton resdes entrey wthn resdenta 

and 
use areas.4. The tota popuaton s served by santary sewers.Souton. 

Popuaton density by sewer system type.Populton 
densty, 

1See 
resut 4-.TABLE 4-1. ANALYSIS RESULTS 

FOR EXAMPLE PROBLEM 4-Step It 

Undveloped dvoped Total 

AveragePopuaton (Tabe 9, ln 9) 0 0 947 0 72 97 ....Area, 

crs (Tbe 
9, Ite 0 4 05 956 0 9 070 I Populton densty, PD,people/acre 

0 2 25 ...... .252a I, X 0 363 .........2 
Runoff coeffcent, 0 0.42 .....2c Deprsson storg, In 

0.25 0.8 .... .... precptaton, P, (Table 9, Ite 5) 8 3 8.35 
... 18.352d Annu 0.46 ... 002e o 
n ..... 6.4 078a. For deveoped areas onl.2. anayssa. 

Percent I 9.6 ° [3 p 0]where I %PD popuaton 
densty, peope/acre (from Step ).See resuts n Tabe 4-. Runoff coefficient (weghted 

etween pervous and mpervous areas).CR 0.5 0.75 
(1/00) [3, p 0]See resuts n Tabe 4-1. epresson storage (area 

weghted, based on Assumpton 

).DS 0.25 - 0.875 

(1/00). in. [3. p 3]See 
resuts in Tabe 4-.50 



Annua (CR)P - 

5.234(DS)° [3. 3]where P annua precptaton 

(Tabe 9, Item 5)See resuts In Tabe 4-. ry-weather fow 
34 n./yr [3, p 3where 

PD 
average popuation 

density, peope/acre, for a 
deveoped 

areasony (Tabe 4-, Step )See resuts n Tabe 4-.3. Qualty anayssa. Street 
sweepng effectveness 

factor, Ns20 days ,7.0. 

Ns>20 days 
where 

N ° street sweeping nterva, daysSee 
resuts in Tabe 4-2.TABLE 4-2. QUALITStep 

IteArea, A, acres (Tbl 9, Ite 

0)Street sweepng Interva days 9, Ite 6)3a 

Street sweepng 



Average annua wet-weather oadng rates. P2Y 
[3, 7]where b 

factor for separate sewer areas [3, Tabe 8]P ° annua precptation, See resuts n 
Tabe 4-2. Dry-weather fow BOD 

oadngsMO ° 365 [3, 
20]where 

° dry-weather BOD oadng, 
G average BOD generaton 

rate, (Tabe 9, Item 7) popuation (Tabe 9, Items 
8 and 9)A popuated area, acres (Tabe 9, Item 0)otes () No 

correcton for deposton in sewers ncuded in ths estmate.(2) Based on assumptons 2 and 

4.See resuts in Tabe 4-2.From Tabes 4- and 4-2 we see that:. The average annua asn coefficent s 0.22 (4.00 
n.S.35 n.)2. The anua 

wet-weather 

runoff 
from the tota watershed s 37 

(4.00 
1n./0.78 1n.) of the annuadry-weather fow.3. The probabe magntudes of 

the 
annua oads of signfcant wet-eather poutants are istedunder Step 3c of Table 4-2.4. The annua 

wet-weather BOD oad 

wi be about 92 00 b of whch 60 orgnates from commercialand use areas and 38 from residenta area.5. 
The average annua BOD 

concentration is 1.2 (from 0,2 b and 4.00 In. 6. The annua wet-weather BOD oad wi be about 03 10.2/06) 
of the annua dry-weather BOD oadafter 85 

treatment.7. Lkewise, the annua wet-weather oad wl be about .2 (27/106) tmes the annual dry-weather oad 

after 85 treatment.EXAMPLE PROBLEM 4-2: INITIAL ASSESSMENT OF THE MANAGEMENT PROBLE DESKTOP METHOD 
[4Determne the tme 

varaton of wet-weather fow and qualty at a basn outet resuting from a"desgn" storm on the basin.Specfed 
Condtons 2. Sze, acres 

5 049 4 022. Area of streets, acres 773 1603. Interconnected mpervous area, acres 535 
2724. 

Length of man dranage channe, ft 33 000 3005. Average sope of man dranage channe, ft/ft 0.0072 0.0276. Length of curbs, 

mes 277.2 57.47. 
Channe material Natura, 

In moderate condtonAssumptons. Storm starts 8 days after 
ast substantia (grater than 0.5 n.) ranfal.2. Storm 

starts 3 days after streets last swept.3. Street 
sweepng effciency ° 40 (a representatve average vaue).52 



4. Street surface sods loadng rate and composton are the same as the natonwde mean, vz.[4. Tabe 
3. 1):Dry so Ids 

Concentraton of dry sodsIb/curb BOD556 9 900 2 930Note: 
The use of tabes of 

vaues for specfc 

area characterstcs (Leve II), or stespecfc data (Leve III), s preferabe whenever 
approprate.5. Equivalent curb mes per acre of street surface 0.46 

(average for a1 and use types)[4, Tabe 2. p 1-0).6. from pervious areas in neggble, therefore 
mpervious ness of 

generatingsurfaces s 00.7. A unform runoff of 0.5 win wash off 90 of the Inta street surface 
poutants1n 

hour.8. A urban contamnants are assumed to derve from street surfaces ony; they are removed 
bystreet 

surface and then mx wth mpervious runoff.9. Outfal Is ocated at outet to .0. Channe fow depth 
durng design storm s 2.0 ft, trapezoda channel wth 20 

ft 
base wdthand 1 on 1.2 sde slopes. Hydrauc 

radus therefore s 1.72 ft.Souton1. Determne equivaent days of soids accuulation. Ds)( - [4, 
p 1-8]where EDA equvaent days of accumulatonDs days snce ast 

sweptDr 

days snce ast substantial rainfaEs street sweepng 
effciencyFrom Assumptons through 3:EDA 

3 (8 - 3) - 0.4) 6.0 days2. Compute the 
dry sods oad/curb me at start of Sods oad. rate of accumulaton x 
EDA [4, p 1-7] 56 x 6 days 

(from 
Assumpton 4 and Step ) 936 

b/curb m3. Convert sods oad to of 

street surface.b solds/acre b/curb x curb mi/acre 936 x 
0.46 

(from Step and Assumption 5) 43Note: The contamnant 
compacton of the soids is provded by the data of Assumpton 
4.4. Seect a 

design storm for the study area and determine the 
resuting runoff rate and duraton.Foowng the 

guidance of [4, Secton 3.3.2 seect a year, 
30 

minute storm. From thecorrespondng U.S. ranfal chart [4. Figure 4, p I-25], ths s seen 

to contrbute 0.5 n.of ranfa the Santa Cara County area of Caforna.The runoff coefficent, for 
impervious surfaces s gven n [4, Tabe 8, p 1-9 forvarious sopes. our watershed, then;Sbarea 1 Subarea 2Sope (fro Tabe 9) 2, <7Approxmate k of Impervous surfaces [3. Tabe 8] 0.80 
0.85By the runoff coeffcent method 4, p 1-8 here R 

runoff 
rate, precptaton rate. n./hk runoff coefficent53 



Subarea SbareaP. 
n./h 

.0 .0 0.80 0.85 
° In./h 

0.80 0.85 duraton 30 mn 30 m5. Synthesze unit 
for 

the nterconnected mpervous porton and the street surfaceportion of each usng equations [4, 
Fgures 7- Then modfy the unt hydro-graphs to refect the rates from the desgn storm by multpying 
the fows by the rato where r ° desgn storm rnoff rate. in./hunt rate, By defnton, a unt has 1 

n. of drect runoff.Subarea 1 Subarea 
2Gven:Impervous area, acres (specified 

condton) 535 272Street surface area As. acres (specfied 

conditon) 773 60 % 

6) 
00 

00Channe ength, ft (specifed condton) 33 000 4 300Channe 
sope, ft/ft (specifed conditon) 0.0072 0.027Desgn stor runoff 

rate, (Step 4) 0.80 0.85Runoff duraton 
(Step 4) 0.50 0.50Unt hydrograph runoff rate. In./h 

2.00 2.00Determne: ft/sace [4. Fgure 7] [4, Fgure 7] 
[4. Fgure 8 nin [4, 9]50* i" 4, Fgure 075. [4. 

Fgure 1] ft3/s (by mut.)QSUP. ft3/s (by 
mut.)Ratio, r ft3/s ft3/s (r QSUP)0.83 

.200.83 
.2045 

34295 22067 4842 32 274 326642 
920.4 0.42550 39256 82Note: I 

Impervous areas; 
street surfaces ony; 
unthydrograph; peak fow.Usng the proportons of 

[4. Fgure 6] the resutant desgn storm runoff 

hydrographs are shownin 
Fgure 4-1.6. Determne 

the tmevaryng 
quaty of 

the 
runoff 

at each 
subarea 

outet.Subarea 

Subarea 

2Curb 

ength, mies (specfied condtions) 277.2 57.4Initia sods oad, 
m (Step 3) 43 43 Inita 

soids 
load, 9 473 24 739Street surface area, AS, acres (specfed condton) 773 60Time step sze, t, 

mm (approxmately 

5 060.5 AS At 70 498 96 800Perform the and cacuations accordng to 
the 

method, using 
the 

folowngequatons:Incrementa voume of street surface 
runoff, ° (ft3/s) t (mn) 60, ftAverage street 
surface runoff rate r At (m Surface sods 

oad, (prevous) - bIncrementa sods remova, 4.6 r (in./h) Po (b) bCumuatve sods removed, AP AP (previous) 
AP, b54 



Incrementa voume of mpervous surface runoff. (ft At 60, ftInstantaneous sods 

concentraton, — —— 9/ and orksheet for :Stree 
surface 

Voume, Vs, Tota voume Tota sodsAt, mm ft3 n.h 
1b 

b ft3 concentraton 



7. Route the quantty and quaty graphs, to determne outfa conditions.Channel 

belowSubarea 
1 2Channe materia 

(specfed conditon) NaturaAdjustment factor [4, 
Tabe 0] 2.3Hydraulic radius (Assumpton 

10) 72Channe sope, ft/ft (specfied 
condton) 0.0072Trave dstance ft (specifed condition) 

0 33 000 ag time, mm [4, Fiure 8 and Tabe 0] 
96From 

[4, I-59], the outet tme-varying fows and 

quaity 
are gven by:Fow, Qo,t Qt 2,t-t Co 1?(.t) Q2.t-t)(.t) t 

2.t-AtLoad, 
t 2t-Atwhere 

subscripts 
and 2 ndcate outet conditions and At ag tme 

from outet 2 to 
1Time. t, 2t- >+2,t-t 

,t Ct-t .t. ft3/s ft/s ft3/s b b0 00 0 ?0?00015 6 0 6 320 02 320 4 200 04 20030 374 

0 374 440 0 440 28 700 28 70045 52 52 960 0 960 59 800 0 59 80060 460 
0 460 620 0 620 82 300 82 30075 362 0 362 40 40 94 000 

94 
00090 256 0 

256 300 0 300 99 800 0 99 80005 76 0 
206 240 60 520 03 00 00 04 20020 30 20 
250 200 520 834 05 000 500 500135 

96 34 230 70 700 479 06 00 300 23 
40050 72 00 72 60 30 247 07 000 20 700 
27 70065 58 54 50 20 79 07 600 900 
29 50080 48 32 80 50 60 54 0 00 200 30 30095 38 

22 60 40 30 36 08 500 22 500 00020 30 8 48 40 20 
33 08 700 22 600 3 300225 26 4 40 40 20 33 08 900 
22 700 3 600240 20 0 30 40 20 33 09 000 22 700 3 
700255 4 8 22 40 20 33 09 00 22 00 900270 10 

6 6 30 20 26 09 200 22 900 32 00285 64 70 20 
90 09 300 23 000 132 300300 2 20 50 50 09 300 
23 000 32 300315 0 0 0 09 300 23 100 132 
400£ 3 358a. Interconnected Impermeabe.The 

outet fows and quaty are plotted n Figure 4-2. The concentratons (as shon) and cumuatveoads of 
severa poutants may be easy dsplayed on the same figure by addng scaesbased on the 

proportonaites (to total soids) of Assumption 
4. For exame, BOD load equas0.099 times tota 

soids 
oad.The total from the storm 

may be computed from the area under the (Fgure 4-2 andStep 7 tabulatons) as foows; - 0. fft3/s) At 
(mn 60 12 [n.ft 9070 acre) 43 560 335815)602)9070 (43 560) 0.092 In.. The tota runoff (area under 

s 0.09 in. Ths Is 8 of the tota stormprecptaton (0.50 in The peak discharge s 52 ft3/s,2. 
Total BOD by ths anaysis is 

132 

400 0.099 ° 2635 b56 



3. The average BOD concentraton for the storm 3.9 (from 2635 1b BOO and 0.092 In. 4. Host of the 

poutant oad (28 000 b tota sods) reeased by 150 after the start ofthe storm. By that tme the 
BOD concentraton (maxmum over 45 n the outfow 1s essthan 5 30200OTL OTA I" A A 20 

000100,00080,00160 

000 



Assumptons 

Foong the Unversty of Forda procedure, the annua derved earer Incudngthat for depreson storage 3, 3] and Exampe Probem 4-, Step 2d) 1s not used forths anayss. Instead the annua runoff from fve regona reference ctes s deternedfrom computer runs wth the STORM mode [3, p 33 
The average runoff reaton for thesefve ctes. 0.974(CR)P. Is therefore used 1n Souton 

Step beow,2. Representatve annua (debt servce pus operaton and mantenance) 

storage and treatmentcosts are [3. 30• Storage: 22e6(PD) $/acre-n.here ross densty, 
peope/acr• Prmary 

treatment: $4000/Mgad• Secondary treatment: $5 3. Representatve treatment effcences are 
[3, p 26Assumed effcency,Treatment 

devc Prmary 0.40Secondary 0.854. 

The average dry-weather fow generaton rate is 00 
ga/capta.5. A tertary 

dry-weather treatment pant ncreases 
the BOD 

remova effcency 

from to ° 6. Excess capacty (E>0) equal to the average daiy fow 

exsts n the sewage treatment pant(for Cases and (d) of Fgure 4-6).Soution. Compare the chracteristcs 
of the 

study area Creek dranage bas) wth those ofthe regiona reference cty.For the Creek basi:Study 
area 1s 1n Regon [3, p 47]Reference 

city In 

Region I 1s San Francsco [3, 23]Total popuation 72 947 (Tabe 9. Item 9)Tota basn area ° 9070 
acres (Tabe 9, Item 0)Gross 
popuaton density. PD 8.05 

peope/acreGross I 9.6 - ° [3. 
p 0] 29.4Gross runoff coeffcent. 0.5 0.75 (1/00) 

[3, p 0] 0.37Annual ranfa, P 8.35 1n. 
(Table 

9, 5)Annua runoff, AR 0.974(CR)P (Assumpton 

} 6.63 n.San Francsco reference city) Creek3, p 33] 

s°study area) I % 32.9 29.4Runoff coeffcent, CR 0.397 0.37Annua 
ranfal, 

P. in. 24.26 8.35Annua runoff, AR, n. 9.37 6.632. Determine 

coefficients 
a, b, d, and for the study area (subscript 

fro thosefor the reference cty (subscrpt 
r) usin the 

adjustment 
equatons [3, p 48 6:76 0 ° 

58 



coeffcentSan rancisco 
reference 

cty)3. 41a 1n./( 
R) n. 



Convert the above resuts to convenent 



400 

ZOOI 

000BOO 

800400 

0BOD 



The wet-weather cost curve constants, and 0, are obtaned by fttng theoptma 
cost functon [3 

50]to 
the tota cost 

curves 
of Fgure 44. Ths.s most easy acheved fro plots as i-Fgure 4-5. Approximatng the curves 

n Fgure 4-5 by straght nes, we obtank 2* at 0, and Z/Zb)afrom whichk /RIO26 

R2Prmary3.2442.233.03030Secondary5.938.653.50300.0856 

0.0382BOD 

REMOVAL, 

RFgure 
4-5. 



Determne the reducton in annua costs of managng wet-weather fows made possbe byIntegratng 
wet-weather treatment th dry-weather treatment and wet-eather storage, n themanners ndcated in Fgure 4-6, and based on Assumpton 6. The cost savings n each caseare acheved by a 

reducton n the wet-weather treatment capacty needed.(V0)(E0)(V0) (a)1 

E=)Fgure 

4-6. 



a. The treatment capacity for treatment aone (Fgure 4-6a) is gven by theequaton of the 
curve [3 38]wth storage 

set to zero, namey T2. 

Vaues of were prevousy computed inStep 4. The cost of ths wet-weather treatment 
capacty obtaned by mutpyingT2 by the unt cost, 5,000/Mga.d (Step 3).See Tabe 4-3 

for resuts. The vaues in parentheses after the 
costs in Tabe 4-3are the ratos of the costs to the respectve case (a) costs.TABLE 

4-3. SUMMARY OF COSTS OF ALTERNATIVE INTEGRATION 
METHODSPoutant 

0 5 50 75Secondary treatent ffcency, 0,85 0 85 0.85 

0.85 contro, I .8 9 4 58.8 88.2Cost 
of treatnt alone (case a), 0. (O) 0.45 (.00) 37 

(.00) 4.25 .00)Cost of ntegrated t- and 
dry-weather (case S106/yr 0. (0.5) 0 34 (0.76) 26 (0.92) 4.3 (0 97)Cost of nteratd t-eather 

Storageand treatent (case 0 075 (0.3) 0 5 (0 32) 0.370 (0 27) 0 95 (0.22)Cost of stoa ndtreatent (case S106/yr 
0 050 (0.23) 0.090 (0 0) 0.26 (0 9) 

0 836 (0 20) Vaues in parntheses are the ratos of the costs to respectve cse (a) 
cots.b. When the wet- and dry-weather 

treatment facties are ntegrated (Figure 4-6b) thefow to be processed by 
wet-weather 

treatment s reduced by one dry-weather fow(Assumption 6), or 7.29 (Step 5a), 

Therefore, the cost of the reduced wet-weather treatment facty s the case (a) cost es7.29 
(Mga/d) 5,000 ($/Mga.d) $09 350See resuts in Tabe 4-3.c. The costs of optimzed, 
ntegrated wet-weather treatment and storage are obtaneddrecty from Fgure 4-3.See resuts n Tabe 4-3.d. The costs of wet-weather 

treatment ntegrated wth both wet-weather 
storage 

and dry-weather 
treatment 

are the same as for case (c), but reduced by the vaue of thetreatment provded n 
the dry-weather pant. Ths 
reducton wl be $09 

350(Step 
6b) or the cost of secondary treatment aone (Fgure 4-4), whchever s the esser.See 

Tabe 4-3 for resuts.The aternatve costs of Tabe 4-3 are compared graphcay In Fgure 4-7.omments. A further Unversity of Forda assumption, on the amount of 
on-ste storagecapacity provded, has not been made here. when ths capacty must be mted beow 

therequrements of Fgure 
4-3, optma costs for cases (c) and (d) 6 wi rse.2. The cost-effectiveness 

trade-off 

procedure of Step 5 compares the cost of extending secondarydry-weather treatment to 
tertary wth the ncrementa cost per pound BOD removed ($0.65 inths case) at wet-weather 
remova effcency rather than wth the overal cost per pound(S.9). The former comparson 

overooks the cost (wth ths method) of provdnga neggbe BOD remova capabty (Figure 4-4). The potenta 
user s advised to use theStep 5 procedure only wth the fuest understanding of the prncipes 

involved.3. In Step 6, the sgnfcanty ower costs of ntegraton aternatves (c) and (d) are 
from a very ow unt annua cost for storage (0.06 $/ga; Step 3). Ths costcoud equay we be one 

to two orders of magntude higher. th a tenfod increase nunt storage cost, for 75% contro 
and secondary wet-weather treatment for exampe,th optma storae capacty is reduced 

by 8% (to .78 th optma treatment capactyis increased by 670 (to 01.7 Mga/d); and the 
optma tota annua cost is increased by2722 (to $2 296 000). Ths then practcaly as high as the case (b) annua cost(Fgure 4-7).64 





4. Determne the average ntensity (tota preciptaton/storm duraton) for each of the storms 
n Step 3. Appy programs SORT and a second tme, to rank and ist the stormsby average ntensty. Seect for further consderation the upper 50% of ths rankng,contanng the arger average ntenstes. These w be the storms that generay pace thegreatest stress on the storage/treatment facites.5 Appy programs SORT and LISTRK a thrd 

tme to rank and st the remaning by duraton.Resuts are presented n Tabe 4-4. Identify the mean and medan duratons; these, fromTabe 4-4. are:Mean duraton: 30.34 Medan duraton: 30.00 h6. Seect from the 
Step 5 rankng about 

0 storms wth durations 
in 

the neighborhood of the meanand/or median, and, if possibe, havng simar shape characterstcs (time to peak. tmedstrbuton of ran). The 17 storms seected for the study area are ndicated 
by shadng inTabe 4-4 (duration ranks 7 to 30). Tabuate, from Step , the houry ranfa for 

each;resuts are given Tabe 4-5.7. To compete the Simpfed ranfa characterzation procedure (a)» seect from thestorms of Step 

6 that one (those) hch s (are) Judged to be most representative of thema, to be the desgn 
sto(s).Due to the varety of rainfa dstributons at the study area (Tabe 4-5). two storms,abeed S and S2 in Tabes 4-4 and 
45, were seected as beng representative. Ther are potted n Fgure 4-8. 



TABLE 4-5. HOURLY RAINFALL (IN OF AN INCH) FOR STORMS SELECTED IN STEP 6Stor 



8. To compete.the modfed Boston synthetc procedure [35, Appendx A3:a. Locate the 
pont in time where the maxmum ranfa ntensty wi occur. Because of thegreat varety of rainfa 

dstributions at the study area (Tabe 4-5). the averagedstribution method [35, Appendx 
A, Step 4] did not gve defintve results. Instead,the maximum intensty was ocated by 

inspecting the dstrbution of the top 0 of thehoury ranfa intenstes n ths case those 
greater than 0.20 From Tabe 4-5,bottom ne. seect hour 8 (the mdde of a custer). Determine 

from the U.S. Weather Bureau rainfa frequency atas 
[36] 

the rainfadepths at the basin ocaton for varous duratons and for a year return 
period(Assumpton 2). by nterpoatng between lnes. Compute the 5, 0. and5 mnute duration ranfals from the 30 mnute duraton rainfal usng the approprateratios [36, Tabe 

3 Rank the distrbuton of rainfas by ntervas, as foows: p IntervaDuraton n. nterval 
preciptaton, n. ntensty, In.hFrst 5 Next mnNext 5 1nNext 5 minNext 30 m1nNext 

1 Next hNext 3 hNext 6 hNext 12 hNext 
6 



EXAMPLE PROBLE 4-5: INITIAL ASSESSMENT OF THE ANAGEMENT PROBLEM EDDY CONTINUOUSSIMULATION 
METHOD, SIMPLIFIED MODEL [9Deterne the 

monthy 
averae weteather fos and poutant oads from the basn for toseected years for (a) separate 

storm sewers and assumng the area served combned sewers.Specfed Cndtn. Ranfa 
years. 969-970. 

970-1972. Ranfa 
amounts: 

Daiy ranfa ncrements at San Jose 
Cty 

Ha, ncreased by 40(drect extrapoaton by nes)3. Average annua quantty and quaty 
characterstcs, by and use:a. Separate 

sewers:LAND 
USERESIDENTIALRESIDENTIAL COMERCIALINDUSTRIALOPENAGRICULTURALPOLLUTANT 

CONCENTRATION IN 

SURFACE 

RUNOFF. 



TABLE 4-6. COMPUTER OUTPUT FOR EXAMPLE PROBLE 
4-5a. 

Separate sewersEAR 
1969-970 SUARYPOLLUTAT 



Tabe 4-6. (Concuded)YER 

1970971 DA RA1 RA 
TREATED 

TREAT A STRAGE1 OATS DAYS Hgal313131)3131i8130313U.U0.0U.UU.498.715.51.70.762.BO.0.110.0.O 0 

U35.163.03.691.15.1156.20.0.00.0U.OU.OO.U35.163.3D9.61.154.1156.U.U8.U.O0.0.00.00.0U.UO.U.00,00.00.00 
00.00.00.U.UO.U.0U.O0.00.0-00 0.00.00.00.0.00.0O.UU.OU.O0.00.00.00.00.0POLLUAT LOAD, 

THOUSADS 

OF 

PO50.0.U.18.317.19B.46.28.79.0.4.0.0.0.0.1S6.343.Z17.510.302.873.0.45.0.VSSTOT 

TOT 

0.U.0.118.290-1307.306.1.5.0.27.0.EARLT 

1.97531357. 
1357.10.0530.00.069(1.7587.4554.77.1.. 

The 

average 

annua basn 

coeffcnt 

s 0.29 
(249 
n2. 
The 
probabe 

magntude 

of te monthly and annua oads of sgnfcant wet-weather 

poutantsare 

sted n Tabe 4-6, for both (a) separate storm sewers and combned sewers.3. 

The annua wet-eather BOD oad n be about 53 000 b (separate sewers) or 633 000 1b(combned sewers), 
of hch 7\ orgnates from commercia land use areas and 25 fromresdenta areas.4. The 

average annual BOD concentraton is 4.8 g/I (separate sewers) or 6.0 (combned sewers).5. 
These BOD loads and concentratons are greater than the results of Exampe Probem 4-1for 

the foowing reasons:• 

Ths exmpe yieds a hiher ovra runoff coefficent• In partcuar, the runoff coeffcent 
for comercia and 

use areas, whchhave by far the hghest BOD concentration, notaby arger n ths eampe• Polutant reduced in Example 
Probem 4-1 by 30% through the ncorporationof a street 

sweepng effctveness factorEXAMPLE PROBLEM 4-6: PRELIMINARY PLANNING OF INTEGRATED STORAGE AND TREATMENT & EDDYCONTINUOUS SIMULATION METHOD, SIMPLIFIED MODEL 
[9Determne the variaton of storage capactes and costs requred to yed varous eves of BODremova and overfow contro wth treatment 

capacties 

of (a) one-haf dry-weather fow. and(b) four dry-eather fows.Specfed Condtions. Ranfa 
perod: 95-976 (25 years)2. Ranfa amounts: Day ranfa 

ncrements 
at San Jose Cty Ha, ncreased by 40(drect extrapoation by nes).3. Dranage bsn served by 

separate sewers ony.4. Average annua runoff quantty and quality characterstcs are the same as 
forExampe Probem 4-5, 

Specfied 
Condtion 3a.7 



Assumpton. 

The average annual Is a prescrbed fraction of the annua precptation; thsfraction varies 
ony wth type of and use.2. Polutant oad 

are 
deterned by prescrbed concentratons [9, Tabe 3. Quanttes passn through storage and 

treatent are deterined from day tme-stepcomputatons.4. One dry-weather fow equas 7.3 
Mga/d (Exampe 

Probem 4-3, Step 5a).5. Representatve annua cost (debt servce ps operaton 

and mantenance) of storage $0.0626/gayr (Exampe Probem 43. Step 3).6. treatment removes 85% of each poutant. Resutng treated 
effluentconcentrations 

(usng Specified Condtion 4) are;BODTota Tota 2.2224.354.63.730.07Souton. Prepare nput for the Simpfied computer 

program, 

from the data 

isted 

underSpecfied 

Conditons 

and 

Assumpton 6. pus the foowng treatment and storagecapactes (Assumption 4):(withdrawarate,Mga/d3.63.63.63.63.6 



Cacuate 25 year BOD remova effcences and storage costs (Assumpton 5) fro the averageannua 



020 

30 



2. Ranfa amounts and octons: 5 nute ranfal ncrements, recorded to the nearest0.0 1n at a 
number of county ran gages surroundng the basin.3. ranage basn 

served 
by separate sewers ony.Souton. Dvde the basn 

nto 
subcatchments that correspond to the dranage network, so that each has near-unform and use and 

topography characterstcs. study basnsubcatchments are depcted In Fgure 4- (see aso Fgure 
3).Figure 4-. Subcatchments, dranage network, andranfal 



2. Prepare nput data for the bock of the computer program.Data were obtaned 
from the foowng sourcesTopography mapsZonng 

mapsSewer and 
street 

napsCounty channe cross-secton 
and profe drawingsAera photographsuncpaty 

street ceanng recordsRan gage ocaton mapsCounty ranfa 
recordsNumerca nput data 

for each storm were 
prepared for the folowng:a. For the fu basn:• Storm tmng, time-step sze, 

tme snce the prevous 

storm• Ranfa (three gaes)• Fracton of the mpervous area wth 
ero detenton• Street ceaning data• Parameters to contro computer output format 

For each • Outet ocation area, width, sope, percent roughnesses,surface 
retenton storages, 

nfitration parmeters• Land use• Soi erosion parameters• Channe, ppe. and 
gutter geometres, roughneses engths, and sopes3. 

Gather for 
each storm the foowng prototype 

output data for cabraton and verfcatonpurposes:• County records 
at 

the basn outet (stream gage)• Water quaity data from the anayss of grab samples, coected at 
the 

outetstream 
gae throughout the storm for BOD, suspended soids, and nuerousother consttuents4. Execute the computer program. IBM 370/68 coputer 

requirements perstorm were:CPU t'e Tota cost, $Compe and eecute 0.50 0.00Compe ony 0.25Execute 
ony — 7.00The computed outflow for the December storm, resutng from theappcaton 

of the 

rain gage Staton 00 rainfa 
to 

the entre basn, is compared 
wththe observed 

prototype behavor in 

Figure 4-2.5. Calbrate the model. Ths nvoves adustng the estmated and uncertan mode 
paraetersand makng successve computer runs, unti a set of parameters s found that mnmizes 
thetota error n both the quantty and quaity 

smutons 
for a desgn stors,The computed outfow and of both desgn storms were modfed tomatch the 

observed behavor as cosey as possbe by makn the foowing mode parameteradustments:• Reduce 
Impervousness to about 701 of ther uncabrated vaues• Appy ranfa measured at three 

dfferent gages (Statons 48, 53, and O—seeFgure 4-2 for to three segments of the basn, 
as defned by the method (see shadng n Fgure 4-).• Reduce fracton of mpervious area that s 
drecty 

connected 
from 20% to %• Reduce the eroson contro practce factor, to 

reduce eroson• Adjust the varous quaity consttuent ratos (percentages of suspended 
sods)The resuting computed (cabrated) outfow hydrograph for the December storm Is 

comparedwth the observed and uncalbrated 
n Fgure 4-2 76 





EXAMPLE PROBLEM 4-8; SE A STORAGE BASIN FOR THE TEST AREA MODEL [7, 2Usng the 
synthetc 

desgn storm (B) seected in Exampe Probe 4-4, deterne the storagecapacty requred to lmit 
BOD reeased to 60% of the untreated vaue for th year event.Check the effect of ths storage 
on the other desgn storms S and S2).Specfed 5 minute ranfal recorded 

to the nearest 0.0 in 

are defined for thethree desgn storm by Fgure 4-8.2. Draine basn served by separate 
sewers ony.Assumption. Catchment condtions 

are 
the same as those prevang durng the 

cabratonstorms 
of 

Exampe 
Probem 47.2. The desgn storms rain uniformy over the entire basn.3. The storage 

basin is ocated at the basn 
outet 

(Fgures 44, 4-), separated fromthe dranage system of 

Exampe Probem 4-7 by ony a snge manhoe.4. The storage basin has a geometric shape, wth 
vertical sides. Outfow by gravityover a 40 ft long fixed wer at the 

0 ft depth eve. At the start of the stormthe unt Is mpty.5. The type of fow wthn the 
storage basn is "pug fow" (as opposed to competeymxed). Maxmum poutant removas b 
sedmentaton withn 

storae are: 70%,BOD 38.5, with a decay rate of 6. Treatment capacty of or 7.3 
(Exampe Probem 43, Step 5a) is avalabe.with secondary treatment efficency (85 BOD 

remova).7. Storage unit sudge is and 

utimatey deivered with other trapped sodsto the dry-weather treatment pant.Soutio. Prepare 
nput data for the Bck of the EPA computer program. 

Use thesame catchment data as those for the caibrated mode of Exampe Probem 4-7(Assumpton 
). Prepare nput ranfa data for 

the 
unform 

appcation(Assumption 2) of the three desn stors of Exampe Probem 4-4 (Specifed Condtion ).2. Execute the program three tmes, once for each desgn storm. IBM 
370/68 computerrequrements per storm were;CPU tme, m1n Cost. $Compie 0.25 9.00Execute 

0.75 13.00Save the three output fies.3. Prepare nput data for the Transport Bock of 
the 

EPA computer program. In thscase. ths consists of specfyng ony a single manhoe (Assumpton 
3the TransportBock is needed 

to nk the Runoff 
and Storage bocks. 

Use the quantty 
and quatyoutput from Runoff 

(Step 2) as input to Transport.4. Execute the transport program three times, once for each desgn storm. IBM 370/68computer requirements per storm were;CPU tme. mm Cost. $Compie 0.40 5.00Execute 0.04 2.005. Seect to Inta tra storag voumes ntended to bracket 
that whch provdes a 50remova on the design 

storm.78 



The tota storm BOD oad s 9428 1b, from Transport, and its tota voume s95.1 Mga. 
About (7.3 5 w be treated drecty, wth 85%remova (Assumpton 6). The fows 

simuated by storage/treatment are ustrated nFigure 4-3. With 42.6 Mga storage capacty 
(50 of the remainng runoff voume).85 remova of the trapped BOD and an estmated 30% 
BOD remova from the overflowby sedmentaton (Assumpton 5) yeds OS overal BOD remova. 

Therefore, seect20 and 50 Mga as inita tra storage voumes. DFREVED 0.85(B+0)DRYWEATHER 
TREATMENT(85 BOD REOVALRELEASED- 

0.5(B+ 

WF 

ALL 
SLDSD 

TRAPPED 

BY 

STORAGEREAINDERSTORAEOVERFLOSFgure 
4-3. 

Schematc 

of fows 

smuatedby 

storage/treatent.Prepare 
nput 

data 
for 

the 
Storage/Treatent 

Bock of the computer program. 
Specfyexterna, n-ne storage 

and treatent wth the characterstcs prescrbed by Assumptons 4through 6. Specfy the base area, 
coputing t from the (assumed) storage volume wth a 10 ft depth. Suppress cost computatons. 

Use the quantty and quaity output fromTransport (Step 4) as nput to Storage/Treatment.Execute 
the storage/treatment program for each of the storage capacties seected n Step 5.th 

quantty/quality nput from Tranport correspondn 

to the desgn storm. Computerrequirements per run were:CPU tme Cst, $CompeExecute0.400.047.003.00Compute 
the BOD releases, as Indcated n Fgure 4-13 (BOD reease The zero storage(treatent 

ony) result may 
also 

be computed from 
the 

Step 
7 runs. 

Plot the results 

on agraph (heavy dots n Fgure 4-4). From ths graph, estmate the storage voume that wmt BOD 
reeases from the B storm to 50 474 b). Rerun the storage/treatment programto verify ths 
estmate, and repeat as necessary (more heavy dots on Figure 4-4). Resutof the two addtona 
tras 40 storae capacty mts reeases to 479 b BOD(50.9%, dose enough).Execute the 

storage/treatment program twce more. wth the same 40 Mga storage capacity, forthe nput quantty 
and quaty from Transport correspondng to the and S2 desgn Compute the BOD reeases for 

these two storms n 

the 
same manner as n Step 8* The resutsare compared with the desgn storm resuts n Tabe 48.79 





Comments. 

The ow computed n Tabe 4-8 (a about 12 of tota precpitaton) resut fromthe Runoff Bock havng been cabrated on storms occurrng durng an unusuaydry wnter (Exampe Probem 4-7).2. 
Although the tta precptaton of 

desgn B (3.30 in.) s reater than that ofS (3.8 n ts 1s ess (0.39 n. versus 0.40 In Ths 
s due to thedfferences n ranfa tme dstrbuton; wth the excepton of the bref peak, 
B sfar more unform (Fgure 4-8)3. Whe a 40 Mga1 storage basn woud take 5.5 days pump 
ut and process fter thestorm 

through the 7.3 treatment pant, ths s deemed acceptabe snce the desgnstorm antude was 
seected t occur ony once a year.4. The far hgher peak of desgn storm B (Fgure 4-8) has 

a sgnfcant effect on waterquaty. Hgh ranfa Intenstes 
cause 

hgh eroson and scour, resutng n hhsuspended sods concentratons.5. The Storage/Treatment 
Bock computes sedmentaton wthn storage ony from that whch overfows. Therefore, 

the effectveness of the storage 

unt as asettng basn cannot be compared wth ts total capturng capabty.6. The stron mpact 
of the chosen desgn storm on the requred storage capact, or theBOD remova, s 

evident from Tabe 4-8. th constant storage capacty, theBODremova Increases 
as the storm precptation decreases.EXMPLE PROBLEM 4-9. TEST THE STORAGE BASIN SIZED BY ITH A LONG HISTORICAL & EDDY CONTINUOUS SIMULATION ETHOD. SIMPLIFIED OEL 

[9)Determne the annua number of overfows, and the 
poutant 

oads dscharged, whch occur withthe storage basn as szed n Exampe Probem 4-8, over a 
defned hstorca record.Specfed Conditns. perid: 951-976 (25 years; same 

as 
Exaple Probem 4-6).2. Rainfa amounts: Daly ranfa ncrements at San ose Cty Ha, Increased by 

40%(drect extrapoaton by nes).3. Dranage basn is served by separate sewers ony.. 
Average 

annua runoff 
quantty 

and quaty characterstic are the same as those forExampe Probem 

4-5, Specfied Condton 3a, wth the excepton of the Theseare reduced to 4.4 of the vaues 
used n Exampe Probem 4-5, to reduce the 

overarunoff coeffcient (previousy 0.29) to that 
obtaned 

wth 1 Example Probem 4-8 (0.),Assumptns Same assumptons are made as Assumptons 
through 3 of Exampe Probem 4-6.2. Treatment capacty of one dry-weather fow, or 7.3 Mgal/d, 

is avaabe (as in ExampleProbems 4-3, -6, 4-8).3. Treatment removes 85 of each poutant; 
resutng treated effuent concentratonsare as per Exampe Problem 4-6, Assumpton 6.4. Storage 

basin 
capacity 
s 40 Mga (as szed n Exampe Probem 4-8).5. Sedmentaton n storage removes 

30% of the 8DD from overfows (compare wth ExampeProblem 4-8, Assumption 5: 38.5% BOD remova, 
maxmum). hty-fve 

percent 
of the BODIn captured by storage s removed by subsequent treatment.8 



Souton1.Prepare 
nput for the Smpfed computer program, from the data prescrbed by theSpecfed Condtons and Assumpton 3, pus the foowng treatent and storaecapactes (Assumptons 2 

and 4):Treatment(wthdrawa 
rate),Storagecapacty, 

0.07.30402.3.Execute the 
program twce, 

once for 

each 

storage/treatment combnaton. IBM 370/68computer requrements (execute only) per run 
were; 0.05 CPU tme. $1.70 tota cost.Resuts for the run are summarzed In Tabe 4-9. 

The 
uncontroedreease run (zero storage, zero treatment) yeded the folowng resuts;Average 

annua overfow: 566.2 Average annual BOD reease: 69 280 1bAverage annua 
overfow 

days 54.5TABLE -9. RESULT FOR 
25 YARS PERFORMANCEITH 40 STORAGE 

AND 7.3 Mga/d TREATMENT 

CAPACITYIE1514l\\190;ll11TOTALRAIN7.4.4714.11b.1.6 
6714.1J.B17 

67J114.4. 7.71Id 4U9.7 9it 17 49 



5. Compute corrected 25 year BOD remova 
effcencyUncontroled 

BOD release 69 280 (Step 3)Controed BOD 
reease 58 b/yr (Step 4)BD remova ° 52 762 

b/yr76.2%Comments Gven the 

stated 

assumptons, 
the 40 storae basn combned wth treatmentcapacty, reduces the nuber of overfows 

by 88% (6.4 versus 54.4 days), and removes76% of the BOD oad, over the ong term. 
This atter figure compares wth a 49 BODremova fr the year desn storm event Eape Probem 48, Tabe and s90 of the defned optma treatment effcency (85).There are two 

primary observations that may be made from the foregoing 

seriesof exampes:1. The range of appications for which such modes may be used 
is 

verybroad.2. 

The capabities of the modes in their orgina forms to be abe toserve 
the 

requred purposes are notaby imted in most cases.The tremendous range 
of 

possibe mode appcations has ony been hinted at bythese exampe 

problems;Whie the modes are of great hep, they usuay ony partiay fulfi thetask 
requirements Often, 

addtions or modfications must be patched in;these are easier to effect in 
the more flexbe desktop modes, but they arepresenty ess compete and tested. 

Mode resuts usuay must be interpretedand often adapted. A these considerations, 
together with the morefundamenta question of mode appicabiity, serve 

to 
underscore the need forappropriatey quaified and experienced 

professionals to oversee usage.Further, more specific observations that may be 
made 

about the precedingExampe Probes are:• The desktop procedure of 
Exampe 

Probem 4-2 requires muchtedious hand coputation, and for the amount 
of effort invovedoffers 

ow accuracy by comparison with a detai event mode such as• 
Whie 

a detaied event mode provdes exceent detai (ExampeProbem 4-8), 
it requires a sgnficant investment in prorcaibration (Exampe 

Probem 

4-7).• 
The smpfied, continuous simuation modes offer reativey 

hghbenefits for ow costs and effort (Example Probems 4-5 and 
4-6).They make possibe good 

inexpensive 

assessments of the ong-termmpacts of designs (Exampe Probem 4-9),83 



The economc procedures (Exampe Probem 4-3) are untested 
nappications. They need fair testing period, with furthershakedown 

and evoution. They appear to be partcuary sensitiveto unit 
costs, which should be investigated further.• The 

seection 

of design stors (Eample Probem 4- can be a trckybusiness, with 
significant consequences Some standardization ofprocedures for the 

various prevaiing conditons woud be desrabe.84 



SECTION 

5STORMWATER CHARACTERISTICS - DATA BASE AND NORMALIZATIONIn 

order to address a or combined sewer overfow probem, aninvestgator must 
have knowledge of the characteristcs of the probem. Thissection presents an 

overview of four areas that are integra to the soutionof urban runoff probems.. 
Sources of Stormwater 

Poutants. Stormwater poutants arematerials washed from the ar 
and the and surface during ranfaor events. It is reasonabe to assume 

that some andsurface actvtes, uses, and characteristcs wi 
cause greaterpoutant oading than others. Known causa reations 

wi beexamned and quantifed if possibe. An understanding of 
sourcesaows sme estimation of oadings, pinpoints areas that require 

in-depth survey, and provides the basis for deveoping contro 
alternatves.2. 

Discharge Characteristics. Data gathered from severa 
studies ofstormwater 

runoff 

and combined sewer overfow are presented as agude to what can 
be 

expected at the "end of the ppe." Theinformation gives the 
investigator a startng pont with whch tocompare stormwater 

poutants 
to other sources within a basn andevauate site specific data 

for its appicability.3. Resduas. Soids derived from stormwater 
treatment must be con¬sidered in deveoping a compete 

pouton abatement program. It isnecessary to evauate the antcipated 
quantites and charactersticsin order to provde for the fna disposa 
of the treatment sudges.4. Recevng Water Impacts. The goa of any 

stormwater study Is themitigation or preventon of adverse impacts on 

the receivng water.Summaries of studes of stormwater poution impacts 
wi bepresented. The data ndicate the potentia adverse effects and 

someapproaches to the evauaton of Impact.SOURCS OF STORMWATER 
POLLUTATSAn understanding of the potentia sources of poutants 

is 
ofprmary importance when studying the 

mpact of urban runoff. Th 

accumuatonof 
the varous poutants withn a basin can be attributed to severa 

sourcesand the indvidua effects are difficut to separate. However, a quaitativeknowedge 
of the probabe sources enabes an investgator to concentrate onexpected 

probem areas and evauate source contros that coud be used to85 



curta an adverse poutant oadng before It reaches the sewer system. Theprncipa 
sources of poutants are as foows [. Street pavement. 

The 

components of road surface degradaton canbecome part of the urban 
runoff oading. The aggregate materia isthe argest contrbutor and 

addtona quantities wi come from thebnder, fiers, and any substance 
appied to the surface. Theamount of poutants depend on the 

age and type of surface, thecimate, and the quantity and type of 
traffic.2. Motor vehices. Vehices can contribute a 

wde varety of materiasto the street surface runoff. Fues and ubricants 
spi or eak,partices are worn from tres or brake inings exhaust 

emissonscoect on the road surface, and corroson products or broken 
partsfa from vehices. Whie the quantty of materia deposted bymotor 
vehices is expected to be reativey sma, the poutionpotenta is 

important. Vehices are the principa sourceof asbestos and some 
heavy metas incuding ead.3. Atmospheric faout. Air poutants incude 

dust, contaminants andpartices from industria 

stacks 
and vents fro automobes andpanes, and from exposed and. The 

arborne 
matter w sette onthe and surface and as contaminated runoff. 

The potntiasgnficance of was indicated during a study done 
inCincnnati [2 During the study period 567 kg/ha (506 b/acre) of were 

measured at a monitoring station and 88 kg/ha(730 b/acre) of 
suspended sods were measured n storm runoff4. Vegetation. Leaves 

grass cippngs, and other pant materasthat fa or are deposited 
on urban and wn become part of therunoff probem. Quantities 

win 

depend on the geographic ocation,season, andscaping practices, 
and dsposa methods.5. Land surface. The type of ground cover found 

in dranage basinand the amount of vehicuar and pedestrian 
traffc s function ofand use and wn affect the quaity 

of storm runoff.6. Litter. Litter consists of various kinds of 
dscarded 

refuse items,packagng materia and anma droppings. Athough the 
quantitiesare sma and not signifcant sources of 

poution, 
the debris ishighy visibe n a receiving stream and can be a foca 

pont forcten compaints.7. Spis. These obvous surface contamnants 
can incude amost anysubstance haued over city streets. Dirt, 

sand, 
and grave are themost common exampes. Industria and chemca spis 

arepotentiay the 

most serious.8. Anti-skid compounds and chemicas. Cod weather cties 
empoy argeamounts of substances designed to met ice during the 

wnter.Sats, sand, and ash are the commony used agents. 
variety ofother chemicas may be 

used as fertiiers pesticdes and86 



herbicides. Most of these materias wi become part of the urban9. 

Construction 

sites. Soi erosion from and disturbed byconstruction 

is a highy visibe source of soids in storm runoff.Important urban 
sites wi ncude arge scae projects such ashighway construction 

and urban renewa. The construction methodsand contro measures wi 
infuence quantities.0. Coection network. Storm 

sewer networks using natural or mprovedearthen channes will be subject 
to eroson of the banks.Colection networks aso tend to 

accumuate deposits of materiathat i be disodged and transported 
by 

storm fows.It is obvious from this list that there 

are 
many potentia sources ofpoutants within each basin and the sources 

vary n importance. Thequantities that accumuate are function of 
natura conditons and urbandeveopment. Most of the sources exist concurrenty 

in the urban envronmentand, athugh effect's cannot be isolated, some reative 
quantities arediscussed in the foowng sections.Street PavementSevera studies 

of pavement wear in Germany 3] 
have 

indicated 
that 

at east0.05 cm (0.02 in.) of surface wi be worn from a tire ane durng a 
summer,Assuming four tire anes each (3 ft) wide in a 7.5 (24 ft) road, 

thiswear 
woud amount to 0.66 (0.3 of road per summer. The wear inthe wnter can 

be consideraby greater if studded snow tires are used by aarge portion of 
the cars. The effect is shown in Tabe 0 for northern andsouthern Germany; 

the southern ocations are in the Alps region where 30 to40% of the cars use 
studded tires.TABLE 0. ABRASION OF ASPHALT-CONCRETE HIGHWAYSURFACES IN WINTER 

AND SUMMERAbrason, n.ehcesSte 

per 
24 ours Summer nterNorthern Germany 7 500 

0.0-0.03 02-0.044 500 

0.004-0.0 

0.02Southern 
Germany 000 0.02-0.03 0.06-0.079 

000 0.02-0.04 0.07-0 0 000 0.02 0.23-0,26In 
2.54 cm87 



Motor VehcesA 

detaied study of street surface poutants in ashington, found thatmost of the 
contaminants were traffic reated Ths does not mean thatthe poutants 

necessariyorginate with the vehice itsef but rather thatthe expected oading 
intensity can be expressed in the form: B (5-where oading 

intensty, 
kg/mi 

(b/m1amount 
of poutant unreated to traffic, 

traffc reated deposition rate, kg/axekn traffic in 
axes.The vaues of m. deposition rate, for traffic reated 

contaminants are 

shownin Tabe . Depositions of feca fecastreptococci cadmum, and itter were 
not considered to be trafficreated. The vaues of B for both asbestos 

and ead were negative,ndicatng that these mportant poutants are entirey 
traffc reated.TABLE . EPOSITION RATES OF TRAFFIC-RELATEDROADWAY 

MATERIAL ParaeterUntsDepostonrateDry weghtVoumeVoate sodsBODCODGreaseTota 

phosphate - Ntrate - Ntrite - N - 



Athough ony a sma fracton of the traffic reated deposits come directyfrom 
vehices, it is an important fraction. Grease, petroeum, ead, zinc,copper, 

nicke, chromium, and asbestos are a potentiay toxic to aquaticife and a orignate 
directy from vehices. The remaining traffc reated nutrients, and soids 

are products of road surface abrasion or havebeen carried to the roadway by 
vehicuar action.The vaues for poutant depostion 

shown 
in Tabe were developed bysweeping and washing sections of street 

at 24 hour intervas. Additionasampes, taken to compute accumulation of 
materia for a 3 day interva,showed that accumuation s not a inear function 

of the deposition rate. TheWashngton, work showed that roadway accumuation 

eves off in about 4days due to traffic reated remova mechanisms. Athough dust 
and dirt arebown onto adjacent and surfaces by vehice movement and other 

means, ateast a portion of the dispaced materia is sti avaiabe for 
transport 

bystorm A cacuaton of tire wear n a German study [3] indicates that the 

weightoss per 

tire is 2% or 0.9 kg (2 b) over a of 30 000 km(20 000 mi). Therefore, the 
potential deposition rate for four tire vehicess 0.2 kg/km (0.4 

1b/i per 000 vehices. The tire rubber consists of 87%carbon, 6% hydrogen, 
2% 

and 2% znc oxide.VegetationWaste vegetatve matter is an mportant source of 

organic and nutrientpoutants in urban The 
quantity 

of 
eaves, 

grasses, seeds, andcippings wi depend upon the particuar urban area 
and pubic workspractces. Vegetative waste wi becme part of the urban runoff 

whenmatera fas or is dumped onto impervious areas and when poutants 

areeached from decaying organic matter.Typical concentrations of 
nutrients in vegetative tter are shown in Table 12TABLE 2. NUTRIENTS IN 

VEGETATIVE LITTER [5]Percentage, dry 
weight 

Phosphorus Potassum AshEvergreen eaves 0.58-.25 0.04-0.0 0.2-0.39 
3.0-.33Decduous 

aves 0.5- 0.09-0.25 0.40-. 7-5.6Studies 
of quantites of 

waste 

vegetatve matter have generay 

been performedby scentists nterested in forest ecosystems. 
Consequently, quanttativeestimates dea with fu canopy 

stuations. Estimates for urban areas shoudbe modified to account for ower tree 
densities; quantitative estmates arepresented in Tabe 89 



TABLE 3. VEGETATIVE LITTER PRODUCTION 

6]b/acre*yrSource 

Yied of waste 
matterEvergreens 

3300Decduous 
2854Rye 3675-562a. 

Fu canopy. Forda. 

.2 Land 
SurfaceGenera 

and use categories are an 

important 

basis 

for studying pouton because of the reation between and use and many specific 
sources.For exampe, there is usuay ess in a residentia-commerca areathan 

in an ndustra zone and there s heavier motor vehce traffic n acommercia-ndustra 
area than in resdentia neighborhoods. In ths sense,evauaton of poutants 

versus surface use w incude two hard to quantfysources and spis.Three 
major 

research studies have documented the effects of and use on theaccumuation 
of poutants In urban areas 

[4, 7, 83. Whie the reports arenot drecty comparabe wth each other because 

of dfferent coecton andanayzng techniques, they show the reative infunce 
of and use. A summaryof the studes is shown in Tabe 4.The specifc poutants 
found n urban wi be affected aso by thedifferent categories of and use. The 

dfferences are shown in Tabe 5.The 

data 

In 4 and 5 were obtaned by sweepng, vacuuming, or washngpolutants from 
street surfaces in urban areas with the specifc and usenoted. The areas 

samped were sma enough to be a vaid indcaton of thedfferences n poutant 
accumulation for genera and uses. However, the drystreet surface sampes do not 

necessary represent the portion that wi washoff during runoff event and 
do not incude poutant oadings from areasother than streets.Ant-Skid Compounds 

and ChemicasIt is dfficut to quantfy chemcals that are a source of 
stormwaterpolutants 

because of great variations In appicaton rates. A few ranges 
canbe presented as an 

ndication of the potentia 
magnitude 

of the probem.Sat appcation for can be a serious source of chorides 
in runoff;ranges of appication rates are shown in Tabe 6.90 



TABLE 4. DUST AND DIRT ACCUMULATION RATESFOR 
DIFFERENT LAND 

USESSnge 

Mut-famy 
famy Comerc Indusra at Chcago 

[7]ean, 

37 2 2edan, 

8 90 43 Number of sapes 60 93 26 

46Adjusted ata atsevera cites 

[8]Mean, 55 07 46 292Mean 
thout 

extree, 56 20 
38Median, 69 32 

20 
74Number of smples 2} 4 7 at 

Washington, (shoppn 
center ony) [4Mean, • ... 

2Medan, b/curbmi d ... ... 
67Number 

of sampes ... ... 8Overa 

mean, b/curbm•d 45 10 15 24 
0.28 kg/curb Abrasives used 

on street surfaces wn ao 
become part of direct orsnoet 
runoff 

in proporton to the 
amount 

apped. Stockpes of sat orabrasives may 

aso be mportant pont sources of 

poutants.The 
next most mportant source of chemcals is the appication of 

fertiizers,insectcdes, and herbicides. Athough quantties are sma, the enrchmentor 
toxic effects make them mportant to runoff studes. In a 

studyperformed in 97, quantities of pesticdes were measured in road 
dust.Presumaby, 

this materia that wi easiy wash off nto receivng watersduring a 
runoff event; ranges are given n Tabe 7.Construction Sites and Colection 

NetworksThe prncipa mechanism of pollution from these two sources s eroson 
Soierosion is a major source of solids for urban and suburban areas.The probem 

areas are construction sites, undeveloped areas, 

hghway cutsurban renewa areas, and drainage 

ditches themselves. In addtion to specificsources genera erosion wi take 
place frm a areas. Erosion isa function of a number of physical conditions 

and is difficult to predict9 



an eroson quantt for a compete urban area; however, an understandng ofthe 
mechanism of eroson Is important when consderng potenta managementtechnques.TABLE 

5. 

CONCENTRATIONS OF POLLUTANTS BYLAND USE 
CHARACTERISTICS [6] of Dry Soids 

Uness Otherwse NotedLand useSnge famly 

Poutant 

rsdenta resdnta Commerca 
IndustraBOD 5 260 3 370 7 90 2 920COD 39 300 42 000 6 

700 25 00Tota ntrogen 460 
550 

420 430Soube P04-P 6 20 
8Cadmum 3.3 2.7 2.9 3.6Chromum 
200 80 40 240Copper 73 

95 87Iron 2 300 18 500 
2 600 22 500Manganese 450 

340 380 430cke 
38 

8 94 44Lead 570 980 2 330 

590Strontum 32 9 7 3Znc 

30 280 690 280Feca 
conforms, 82 500 388 000 36 
900 30 700Tota coforms, 

89 000 900 000 
000 000 49 000TABLE 

6. SALT APPLICATION FOR [9] 
rate perArea 

Northeastern states 670- 820Northcntra 

states 

0- 840Southern states 0- 60est-centra 

states 
0-550Southwestern 

states 
300-400estern 

states 0- 320b/m 0.28 

92 



TABLE 7. PESTICIDE LOADS FOUND IN SEVERAL CITIES 

[]Pestcde 

Range 

Medan vaue 3-27 24 65-3 400 

00BP-DDD 
0.5-20 

67 0-8500 P-DDT 
-70 6 0-2 

.....Methyl 0-20 ..... 0-7 
...Tota pestcdes 
36- 90 420 0.8 

kg/curb-kmThe Unversa Soi 
Loss Equation is 
an empirica formua derived by 

theAgricutra Research Servce to 

estmate 
average annua erosion from farmpots. Since it was statisticay 

deveoped to estimate gross eroson fromsma areas over a period of years, it 
is 

more of a management too than apredictive formua. The equaton s:A K 

LS P (5-2)where A soi oss, mass/unit area ranfa factor so rdibiity 

factor sope ength gradient factor 

ground cover ndex factorP 

erosion contro factorThe factor R 
accounts for rainfa 

energy and intensity, K 
coniders 

theease wth whch the particuar 
so can be eroded, and LS 

is functon ofsope ength 

and gradient. The factors C and P are the keys to thecontro of erosion 
snce they are more easiy modified than the other threefactors. Both were 

empiricay deveoped by assuming that oose, soi with no cover represents 
C and P factors of .0. The use of covermateria or erosion contro practices 
wi reduce the factors and the amountof soi oss. Representative vaues are 

shown in Tabes 8 and 9.Exampes of typica erosion rates are shown in Tabe 
20. The quantitiesindcate a substantial increase in erosion when and is 

deveoped for eitheragriculture or urbanization. The particuary heavy 

rates from constructionactivties point out the need to apply contro 
technology to urban and highwayconstructon sites.93 



TABLE 8. GROUND COVER FACTOR [5]Type 

of cover C vaueNone 

.0Peranent 

seedngFrst 60 

days .46 days to 1 
year 0.05After year 

O.Sod 0.0Hay or 

straw.0 

ton/acre 
0.202.0 

tons/acre 
0.05Stone or rave5 

tons/acre 0.8060 

tons/acre 0.20Chemca 
uch (90 days 

0.502 tons/acre 0.807 tons/acre 

0.20tons/acre 
2240 

kg/haSummaryMany 

sources of polutants 
are 

present 

n a basn and ther effectsnteract and overap. It s dfficut to attrbute the 
poutants measured atthe discharge from a basn to a specific source within the 

drainage area. TheImportance of this section is n understanding why there is 
a probem and whyconstructon site eroson prevention shoud be practced or why 

the dranagefrom a hghway intersection shoud be diverted from a sensitve 
stream.Resuts of studies givng overa poutant concentrations foow.DISCHARGE 

CHARACTERISTICSThe investigation of stormwater discharges is 
concerned 

with two differenttypes 

of pouted fowsseparate stormwater from storm sewers ordrainage channes 
and combined sewer overfows from sewers contaning bothrunoff and sanitary 

sewage. The sources of runoff contamination have beendescribed in the 
precedng secton and it is evdent that surface runoff hasthe potenta to 

transport a sgnificant oad of poutants. In this sectionthe resuts of severa 
monitoring efforts wi be presented to ndicate therange of poutant concentrations 

that can be expected. Some expanation ofthe ndividua studies s given to 
hep the reader judge the appcabity ofthe data to his particuar probem.94 



TABLE 9. EROSION CONTROL FACTOR 
[5]Surface 

condton vaueLoose as 

a dsced pow ayer .0Compact, 
smooth, 

scraped up,and ownhil 
.3 raked up, and 

down¬hl .2Compact, smooth, 



Urban The quaty of 
urban 

runoff has been nvestigated at severa sites across thecountry. The techniques, 
methodoogy, and goas varied from project toproject, but the cobined 

resuts present a good ndication of theconcentrations of poutants 
that can be expected in urban runoff. Theresuts of severa representative 

samping efforts are shown in Tabe 2. Thesampes were taken in various parts 
of the country, from diverse and use,during dfferent seasons, and during 

dissmar rainfa events. The averagepoutant concentratons shown in the tabe 
ndcate an order of magntude ofthe runoff probem and the ranges indicate the 
wide variatons inconcentrations that may be anticipated. The individua studies 

invoved wshow some of the reatonships between runoff quaity and and or 
stormcharacteristics.TABLE 2. POLLUTANT CONCENTRATIONS IN STORMWATER 

RUNOFFctyAtanta 
Georga 

10]De Iowa [ North Carolina [2 Tennessee 13]Oahoa 



The suspended sods and COD concentratons Increase as the percentof 
the basin that 1s deveoped 

Increases.Increased 

ead concentratons appear to be nked with increasedcommerca 
and use; this is probaby due to arge traffc voumesin shopping 

areas.BOD, 
phosphorus, 

and tota nitrogen dd not appear to be reated toland use.TABLE 22. 
POLLUTANT 

CONCENTRATIONS IN ATLANTA, GEORGIA [0]Steontrea Roadean, 
CrcleMean, 



IowaThe Des 
Moines 

study was an evauation of potentia soutions to probems and incuded a 
samping program to anayze the quaity ofcombined sewer overfows, storm runoff, 

and the receiving waters. Thepoutant concentrations found in runoff 
from three areas with separate sewersystems are shown in Tabe 24. The vaues 

indicate that there is very ttedifference in average quaity between the three 
areas. The samping programcovered both winter and summer runoff conditions 
with as we asdirect runoff. A comparison of snowmet runoff versus 

ranfa 
runoff isshown in Tabe 25. The data indicate that phosphorus is the 

ony poutantshowing significant effect due to the of precipitation. 
Theinvestigators 

in Des Moines aso found that poutant concentrations 
generaydecreased with time during storm and cumuative poutant oading usuay"ran 

ahead" of cumuative fow quantties. These patterns were attributed toa first 
fush effect in which oose surface materia is suspended by theinitia runoff 

water, makng it more concentrated than runoff ater in thestorm.TABLE 24. 
POLLUTANT CONCENTRATIONS IN STORMATER RUNOFF,DES MOINES []S-, meanS-3, 

mean0-, 

meanindustraSummaryMeanRangeNo. of 



Durham, North Caro Durham 

study was not to be as site specific as the previous twostudies in that 
variabes affecting quaity were anayzed to deveoppredctive equations. Although 

the data were based on sampes from the Durhamarea, the form of equations and 
reationships between variables and oadingshoud be appicabe to other areas 

with simiar cimate and topography. Manypoutants were anayzed during the study 
and the mean vaues are shown inTabe 26. Regression anaysis was performed 

to reate poutant oading tofour variabes considered to have important 
effects 

on runoff quaity. Thefour variabes were rate of runoff, time from storm 
start, time from aststorm, and time from last peak. The first two varabes 

deain with thestorm event were found to be the most infuentia and itte 
correationincrease resuted from considering eapsed time between storms 

or peaks. Thefina regression equations are shown in Tabe 27; is the runoff 
quantityin cubic feet per second and is the eapsed time from the storm 

start.TABLE 26. POLLUTANT CONCENTRATIONS IN RUNOFF,DURHAM, NORTH CAROLINA 

[2]Mean, 

Range, No ofPoutant sampesCOD 70 20- 02 49 42 
5.5-384 43Tota 440 94-8 620 

325Voatie sods 205 
33- 70 22TSS 223 27-7 340 

408VSS 22 5-970 312 

ntrogen, 0.96 
0.-1.6 33Tota phosphorus, 0.82 
0.2-6 310eca 230 -2 000 327Aumnum 

6-35.7 63Cacum 4.8 
.1-3 80Cobat 0.6 
0.04-0.47 45Chromum 0.23 0.06-0.47 

232Copper 0.5 0.04-0.50 225Iron 
.3-58.7 257Lead 0.46 0.-2.86 336agnesum 10 

3.6-24 27Manganese 
0.67 0.2-3.2 244 0.5 

0.09-0.29 03Znc 0.36 0.09-4.6 
30Akanity 56 24-24 80BOO 

60 2-320 08a. The authors 
fee that BOO resuts 
ere affected bychangng 
dutions n the aboratory 
and recommendthat BOO not 

be consdered an approprate 
measueof poutant 

strength. (See p. 48, 
Reference [2for the 

fu dscusson.)99 



TABLE 27. REGRESSION EQUATIONS RELATING POLLUTANT 
TO CHARACTERISTICS,DURHAM, NORTH CAROLINA 

[2]Concentration, 

PoutantAs 

devepedNormaizdT5SCOD 
ntrogenTota 

phosphorusLead222 

CFS 
CFS TFSS3 

TFSS0.85 CFS TFSS0.80 

CFS 

TFSS0.27 CFS TFSS02 

R° 53 TFSS242 R° 

TFSS363 R° TFSS0.98 
R° 

TFSS0.6 R° TFSSNote: 

CFS runoff, TFSS tme 
from storm start, 

hours 

ft/s 0.028 
3/s 2.5 The quantty 

is necessariy 
dependent on the area 

of the Durham basin, 

417 ha(029 acres), 

and 
so the equations cannot 

be directy compared with resutsfrom 
other sites. 

In the second set of 
equations in Table 

27, the equationshave been normaized by converting cubic feet pr second of 
runoff to inchesper hour of runoff using the actual area of the basin. In most 

cass thepoutant concentrations ncrease with greater quantties of runoff,ndicating increased erosion, pickup, and transport capacities of higherfows. 
The concentrations also tend to decrease as a storm event continues,indicating 

that the reservoir of polutants on the and surface decreases 
orat least becomes more difficult to pick up and transport. purpose of 
the study was to investigate the effects ofurbaniation on an area of Tennessee that overies a formation of solubecarbonate rock. The principa concern 
was that urbanization woud greatyincrease the impervious 

fraction of a basin 

and 
consequenty cause increasedrunoff quantity wth the associated 

poutant oading. During theinvestgation, sampes were taken from four urbanizng 
watersheds, upstreamareas, and precpitation in an effort to determne 

probable mpacts. The dataobtained from the project watersheds are presented in 
Tabe 28. Aninteresting anaysis made in was the comparison of 

atmospheric inputto a basin (dry faout and precpitation) and output theanaysis 
is shown in Tabe 29. Fourth Creek, First Creek, and PantationHis the 

streamfow 
is mosty storm runoff and t is shown that atmosphericsources 

are particuary important.00 



TABLE 8. POLLUTANT CONCENTRATIONS IN RUNOFF. TENNESSEE 
[3]Poutants, FecaSte 

BOD 

COD nitrogen 
3- 

P04P OP04-P 
Lead ercury Fourth Creek,ean 200 2 0 2.4 0,7 .1 0.20 034 0.0026 

... 
Thrd Creek, 

240 9. 95 5 0.6 0 49 0,26 0.3 0 0004 -Frst Cree, 
50 

63 32 0,65 
0.6 0.56 0.46 0.3 0-0006 ...Pantationmls, mean 

46 2 29 .0 
0.4 0.36 0.32 008 0.004 20300Tota40 74 .9 0.6 0 

63 
0 30 0 7 
0 007 20 ean 3-6400 0-86 1-700 0.04-3 00-2 003-69 

00-6 
0-.6 000005-0047 670-700000No. of smpes 75 18 70 76 
77 183 76 89 76 40Note; Fourth Creek - 0.82 acres, 46 mpervous, commercalThrd Creek 60 acres, 28 impervous ndustria-resdentaFrst 

Creek - 0.5 acre impervous, residenta.Plantaton Hs - 0 24 acre, 23 Impervous, suburban.a acre 0 405 haTABLE 29. COMPARISON OF WATERSHED LOADINGS, ATMOSPHERICINPUT VRSUS 
RUNOFF OUTPUT, TENNESSEE [3]Annua loadin, KJedah _p 

TSS COD ntroen 

4 Fourth 

CreekAtmospheric 
nput 60 400 24 3.8 4. .6Runoff output 4 600 

400 8 2.8 4.4 0.8Thrd CreekAtmospherc Input 250 670 9 

8.0 3.2 0.5 output 980 

50 8 5.0 3.8 0.9Frst CreekAtmospherc nput 20 430 8 3.5 .3 
0.5Runoff 

output 

80 30 .2 0.2Pantaton sAtmospherc nput 
60 340 3.2 0.8 0.8Runoff output 20 

30 04 0.4 

0 04b/acre x 2 kg/ha Tusa study was an investigation of storm poution 
as 

it reatesto 
and activity and precipitation. Samping 
points were set up for 15 test0 



areas in Tusa and regression anaysis was used to reate poutant oadng tosurface 
characteristics such as area, sope, popuation density, and and useor to 

precipitation variabes such as intensity, tota voume, time from startof strm and 
tie from antecedent event. The poutant concentrations foundin the 5 areas are 

shown in Tabe 30 and the reationship between poutantsand significant variabes 
is summarized graphicaly in Tabe 3. Some of thebasic observations deveoped 

ths stud incude:• The principa sources of poutants 

are from impervious areaand erosion of drainage channes.• Bacteria 
pouton can be reated to the genera 

sanitary conditionof the sites,• Poutant concentrations decreased with 
time from 

the 
start of thestorm and time from the antecedent event. Sods and 

bacteriaincreased with intensity of the storm.• For residentia 
areas, poution increases with popuation 

densityand degree of deveopment.TABLE 30. POLLUTANT CONCENTRATIONS 
IN TULSA. OKLAHOMA [4]Se 

No. and and use.2.3.4.5.6.7..9.0..12.3.4.5.TotaNo.Lht 



TABLE 3. PRECIPITATION AND LAND USE FACTORS 
AFFECTINGPOLLUTANT 

CONCENTRATIONS IN 



TABLE 32. POLLUTANT CONCENTRATIONS IN OKLAHOMA CITY, 
OKLAHOMA, AND SANTA CLARA COUNTY, CALIFORNIAOkahoma Cty, 



attributed to of grt and roadway materia worn away bystudded snow 
tires. 

The peak month was Apri when the accumuatedsoids woud be removed by 

spring rains. The BOD concentratons did notfolow any expainabe pattern. 

The bacteria fuctuations appear to be basedon cimatic conditions with hgher 

concentrations in the warm summr monthsthat woud aow for onger surviva times. 
01 00BO20BO1 
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4. 
Variation 

of 

poutant 

concentrationsby 
month 

in Germany 
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Combined Sewer OverflowsIn 

many cities, especay those wth oder sewer systems, the storm and sanitary 
sewage fow in the same conduts and overfow as a mxture whenthe pipe capacty 
is exceeded during a storm. Samping programs have beendeveoped to 

characterize the quaity of the overfows for the ofabatement programs. The poutant 
vaues are a combination of runoffpoutant concentratons, as described 

in the previous section, and santarysewage poutant concentratons. Ste 
specifc concentratons that resutfrom this mixture are dependent on the quaity 

of the two base flows and theproportona mix. A summary of data fro severa 
studies is shown in Tabe 33and hghghts of each study are given in the foowng 
paragraphs.TABLE 33. POLLUTANT CONCENTRATIONS IN COMBINED SEWER 

OVERFLOWSAverage 
poutant concentraton, Tota Feca BOD COD 

ntrogen 

ntrogen P04-P OPO-P Lead coforms 
Iowa [] 43 7 64 .. ... 43 .86 .3waukee.Wsconsn [5] 32 59 264 4.9 6.3 23 0.86Hew 

York Cty,Ne 
York Creek [6] 306 82 222 48 .. ..... .... 

0 60Sprn 
Creek 347 358 ... 6.6 France [8] 75 

397 279 005 ... 
43 7 

.... 
... .. .Racine,Wscons 9] 55 54 58 .. .. ... 2.78 0.92 

.... 20Rochester.Hew York [0 273 ... 65 ... 2.6 

.. ..... 0.88 04 40Average (notwehted) 370 40 367 3.8 9. 
.95 .00 

0.37 670"9 273-55 09-82 59-222 264-48 2.6-4.9 4.3-6.6 
.23-2.78 

0.86-.3 
0.4-0-60 20-40a. 000 Tota (not included averge). 

Not Incuded 
In averag because of hgh strength of muncpa sewage 

hen compard to the Unted States.Des poutant concentratons shown n Tabe 34 indcate that 
the 

overfows areess concentrated 
than sanitary sewage for a poutants 
except soids [Athough the areas sampled had varyng percentages of combined and separatesewers, the 

poutant 

concentrations 

did not appear to be reated to thevariation.06 



TABLE 34. POLLUTANT CONCENTRATIONS IN COMBINED SEWER OVERFLOS, 
IOWA 



TABLE 35. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, 

MILWAUKEE, WISCONSIN ROAD) [5]Sampng 

perodPoutant concentratons, 
Tota BOD COD 

ntrogen 

ntrogen0,86Premnary 
data967-968 400 3 49 336 .... 

.... 

.....197 435 46 64 
209 .... 6.3 .....973 9 52 42 ... 4.9 .... 0.99974 62 87 74 ... .... .... 
1.47 unaryean 32 09 59 264 4.9 

6.3 .23Range 32-2 58 2-720 4-38 
26- 

40 
1.9-14.3 .0-27.9 0,25-4No. of sampes 
55 42 49 37 0 2 20Frst fush969-970 522 308 86 58 .... 7.6 

2.7Remnder of storm969-970 66 90 49 

6 .... 5.5 

....32-2 58 2-720 4-38 26- 40 1.9-14.3 

.0-27.9 0,25-4.04 
0.06-0.9321a. Sampes reported as 

averaged 

for overfow events.500400300200 1 \15 10 15GATS INCE LST 

OVERFLO20>20Figure 

5. Average polutant concentration 

versuspreceding 



In a second study at Miwaukee's Avenue Project 21] the first-fushphenomenon 

was also noted. Values for suspended soids and BOD durngprogressive 
overfow time intervas are shown in Figure 6, The data shownconsist of average 

concentrations for sampes from 97 storm events.500 -400300ZOO100 

VERAGE 

IOS 

=150 

B00 2 I SSSSETHER BOD0.5 0.1 5 .0IME FROM 

START OF 
2.0Figure 6. 

Overfow 

quaity 
versustime at 



summarzed by drainage basin in Tabe 37. Generay, the soidsconcentratons 
are much hgher than santary sewage whie the aresimar to sewage.TABLE 

36. POLLUTANT 

CONCENTRATIONS IN COMBINED SEEROVERFLOWS. NEW YORK 
CITY. NEW YORK - CREEK [6] concentraton g/ 



Tabe 38 and compared to the sanitary sewage concentrations for the 
samesystem. It is apparent that the sewage is more concentrated than an averageAmercan 

sewage.TABLE 

38. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, 

FRANCE [8]Poutant 

concentratons, 
Stow 1 3Storm 



exhibited as a "frst fush" of heavy concentrated overfow. During the197 
preminary phase, indvidua sampes were taken during the eventsmonitored at 

Site 2. Average vaues were computed for time periods from thestart of overfow 
and potted in Figure 7. The graph shows the tendency forhigh intia 

concentrations.TABLE 39. POLLUTANT 

CONCENTRATIONS IN COMBINED SEWER OVERFLOWS,RACINE. WISCONSIN 
[9]Poutant 

concentratons, 

Ste -Ste -St 2 -S1 Ste 





TABLE 40. POLLUTANT CONCENTRATIONS IN COMBINED 
SEEROVERFLOS, ROCHESTER, NEW YORK 



500003QO200101 

SUSPENED 

SOLIDS 0.5.01.5>1.5TIME 

FROM STAT OF 

OVERFLO Figure 8. 

Overfow 

quaty 

versus 
tmeat Rochester, New 

York 
[20TABLE 4. COMPARISON OF TYPICAL VALUES 

FOR eves [9]Combnedsewer 

overfowsewage 



TABLE 42. METAL CONCENTRATIONS IN AND OVERFLOSPoutant 

concentratons, 

SteCadmum Chroum Copper 

21nc Iron Lead a9aese MgnesumNew YorkCty, ewYork [24]Durha,North 

Carona[2]0.025Rochester, 

New 

(2 stes)[20] 
0.002Drnkng 

HaterStanards[6] 

0.010.6 0.46 0.5 
.60.23 0.5 

0.5 0.36 2. 
0.46 

0.670.0065 

0.086 

0.03 0.24 .66 

0.400.05 .05.0 0.3 0.05 0.05a. 

Maxmum 
concentratons.TABLE 43. 

PESTICIDE 

AND HERBICIDE 

CONCENTRATIONSIN 
RUNOFF AND OVERFLOWSParts 

per Tri ionPestcde andherbcde Mthy Pa rath 1 
onOUTDDE2.4-2,4,97Ste <<41658<<1 

sconsn973st 



TABLE 44. MICROORGANISMS IN AND OVERFLOS Tota Feca Foca 

coform col 
fors streptococci Batmore,ryand [6]Combned 

seweroverfow205900000002423000000070 000260 00050 00072 0003838 005 



An anaysis of quaty based on and use was deveoped n an report [29The bass of 
the anayss was tabuation of BOD concentration in stormdischarges for 

residentia areas from severa cities. The remanngparameters and and 

use cassifications were deveoped as ratios of thsdischarged BOD, usng 
data 

acquired from the street surface samping projectsmentioned previousy. The 
methodoogy was originay deveoped to projectannua oads. The factors were 

converted to concentrations in another EPAreport by assuming coefficients 

for each landuse area [30 The residentia data must aso be modified by a 
popuationfactor P(PD) which is function of popuation density.p(PD 0.42 

0.34 units) (5-3a)p(PD 0.42 0.28 (PD (U.S. customary 

units) (5-3b)where PD, deveoped area popuation 

density, 
peope/ha (peope/acre)The factor equa to one at 

density 

of 3 peope per hectare. Theconcentrations and runoff coefficients 

are 
presented as a function of land usein Table 45.TABLE 45. POLLUTANT 

CONCENTRATIONS AS A FUNCTION OF LAND USEPoutant concentratons, Total Runoff 

BOD 4 
ntrogen 

coeffcentUrban Resdentia 240 40 2 0.6 .9 0.3Commerca 40 

90 20 0.6 .9 0.7Industra 215 
105 

9 0.7 2.0 0.6Other developed areas 17 16 0.02 0.4 

0.Combined 
sewer 

overfosResidenta 990 570 50 0.67 
8.0 0.3Commercia 580 360 85 0.64 
7.7 0.7Industra 880 430 35 0.66 

8.4 0.6Other deveoped areas 70 70 0.08 
.6 

0.0.54a. Modify 
resdential 

vaues by factor p(PD) 042 0.34 people/ha. Because of the 
methodoogy used to deveop this table, 

the values for combnedsewage overfows are 

very questionabe. The BOD vaues in combined sewage areprincipaly attributed 
to the sanitary 

sewage 
and the ratios of BOD to otherpoutants are much different in sanitary 

sewage as compared to street soids.The solids vaues estimated for combined 
sewage 

are high and the nutrientvaues are ow. Satisfactory vaues for combined 
sewage have not yet beendeveoped. Data coud be deveoped at a specifc site by 

combining the urbanrunoff concentrations in Tabe 45 with oca estimates of the 
concentrations8 



found in domestic or industria sewage. The resut woud have to be voumeweghted 
for the amounts of sewage and expected at the overfow,Precipitaton 

and Runoff Character main goal of 
normaization 

of quaity data as a function of precpitationor runoff s to make the 
oaings correate to shorter time periods and stormevents. Precipitation data are 

generaly avaiable n sufficient historicalquantity to permit the estimation 

of probabty of occurrence of rainfavoume, duration, intensity, and ntervas. 
Severa methodoogies are asoavaiabe for estimating runoff characteristics 

based on preciptation. Athat is required to estmate poutant oadings s to 

correate runoffpolution concentrations to the runoff characteristics.The 
work at Durham, North Caroina, was discussed prevousy 

and the equatonsdeveoped there were presented n Tabe 27 [2 The concentration 

ofpoutants was deveoped as a function of runoff rate and tme from the 
startof the storm n the form:concentraton of runof (5-4)This equation wi 

predict the poutant 

concentrations 
at any time during arunoff event 

and 

can be integrated to get mass oading for an event. Sampesfrom Durham 
indicated 

a very high soids content in the runoff and thisprobably means eroson 
problems in the natura drainage channes. Rate ofrunoff may not be an 

important parameter for areas with bured storm sewers orined channeRegresson 
anaysis of poutant concentrations as functions of precipitatonwas also attempted 

at Rochester, 

New York, and Okahoma. The equationsare presented n Tabe 46. Rochester has 
combined sewers and Tusa hasseparate storm channes.The reaton between runoff 
characterstcs and polutant concentrations wereshown in graphs deveoped 

for Iowa [1] and 

reproduced 
as Figure9. The pots show the mass of poutant from a unit area as a 

function ofrunoff. The vaues were based on composite sampes for storm events 
and arevaid ony tor compete events. In these graphs a straight linear 

curve 
woudndicate a constant vaue for concentraton regardess of the runoff 

voume.Most of the curves are sighty concave indicating a smal decrease ncomposite 
concentration as the tota voume of runoff ncreases.This same reation was 

deveoped by regression anayss for France,during a study of the effects 
of on Creteils Lake [31 Theequatons reate BOD and suspended 

soids 
mass oading to the voume of runoffper event The origina equations were:og 

1.298 og (V) .208 units) (5-5a)og (SS) .298 og () - 2.85 U.S. 
customary unts) (5-5b)19 



og 0.545 og og units) (5-6a)og (BOD.) 0.545 
og 

(V) og .62 (U.S. customary units) (5-6b)og 082 og 0.398 (SI 

units) (5-7a)og (BOD 0.82 og (V) 2.25 (U.S. 
customary 

units) (5-7b)where mass oading, kg (b)BOD mass oading 

due 
to kg (1b) mass oading dueto 

erosion, kg voume, (f)T time since 
last rain, The equations can be factored for 

the 45.4 hectare basin 
and 

reduced to thefors: 9QSS 

76.2 R (SI units) (5-8a) QSS 228 (U.S. customary units) (5-8b)BOD 1.3 
R° T 

7.48 
R° units) (5-9a)BOD 2.6 R° T x 

.48 
° (U.S. customary units) (5-9b)where SS and 

BOD mass oadings, kg/ha runoff, cm (in.)T time 

since 
ast rain, dA 

comparison 
of the 

and data is made in Table 

47. Thehigher vaues at Creteil may be due to the 
much higher popuation 

density of220 peope/ha 
(89 

peope/acre) as compared to approximatey 25 peope/ha (0peope/acre) in 
Des Moines. the most signficant quaity normazaton criterion other than thetype 

of system is reated to the time of sampng with respect to the start ofthe 

event and the intera beteen 

events. 
hether the primary cause is firstfush or the decnng avaiabiity of source 

contaminants, overfow or runoffquaity tends to improve in the atter stages 
of storm and in the atterstorms of a storm series. Nora comparisons of data 

from severa citieswith respect to time are summarized in Table 48. This 
quaity-timereationship is particuary significant in optimizing storage-treatmentoperatons 

where bypasses or mutieve treatment must be considered.SummaryMuch 
more work is needed to deveop valid normaizaton techniques that 

wisimpify the anaysis of problems. The present detaied techniqueshave 
not been caibrated at enough sites to test their appicability.20 



TABLE 46. POLLUTANT CONCENTRATIONS AS A FUNCTION 
OFPRECIPITATION 

CHARACTERISTICSEquatonCorreatonRochester 

[20]COD 

- 50.7 ° X TSS" 59.62 °where COD and TSS 

are n X, days snce ast ranX duraton 

of Intensty of ranfa, 
In./h1 [1]In BOD) ?.753 

0036( - - 0.3674() 0.274In 

(COD) 4.5757 - 0.0246( - 0.200 - 
0.0900( 

0.25In 
(TSS) 

5.7304 - 0144( 0.0572(2 0.3004( 0.03here BOD, COD, TSS 
are n 2, snce start, h ntecdnt n. 7. amount of 

in.n./h 2.54 TABLE 47. COMPARISON OF POLLUTANT 
LOADINGASSUMPTIONS 

AT IOWA, AND FRANCEPoltant. 
————————————n. 

omes 0. 0.75 2.40.2 3.70.3 

. 4.6SS 0. 8 0.2 9 290.3 21 18a. sume 

5 daysn. 2.54 cmb/acre .2 ° kg/ha2 





TABLE 48. TIME WEIGHTED NORMALIATIONOF 
BOD AND SUSPENDED 

SOLIDSSuspended 

sods BOD00.5 

0.5 -2 >2 0-0.5 0.5- h -2 >2 Combned sewer 

overfosDstrct ofColumba 
[3, 33, 34 

.9 0.88 .0 .73 0.47 0.30waukee,sconsn [2] .0 0.78 0.55 0.55 

.0 0.90 
0.6 0.38Racne,isconsn 0.78 0.7 0.3 .0 0.67 0.60 

0.38 
York 

[20] .0 0.78 0.67 0.44 1.0 0.66 0.43 0.34San 

Francsco,Caforna 
[22] .0 0.77 0.80 0.44 .0 0.56 0.4 0.27Storm 

sewer 
outfalsDstrct 
of [32, 33. 3 1.0 0 59 0.48 0.2 ,0 0.93 .23 

0.46Racne,sconsn [9] .0 

0.60 0.26 
.43" 1.0 0.69 0.66 .82Durham, Carona [2] .0 0.92 0.73 0.57 ,0 

0,36 0.39 0.20San Francsco,Caforna [22 .0 0.3 0.37 0.5 ,0 0,30 

0.4 0.09Oklahoma 
[ .0 0.55 0.33 0.93 1.0 0,72 0.64 0.60Note 

Vaues 
ndcate reatve 

poutant concentratons as fractons of the concentratonfor 

the inta tme nterva.a. Vaues based on only one 

sampe.RESIDUALSThe 
treatment and disposa of sudges is often the most difficut and costyportion 

of a water poution contro 
system. The soids generated by 

treatment 

systems 

must be carefuy considered when designingcontrol faciities. The assessment 
incudes three principa areas:. Characterzaton of the soids by 

quantty, 
concentrations, and massoading2. Sudge thckening and 3. Fina disposa 

of sudges23 



CharacterizationA 

mited amount of work has been done to investigate the properties of 
and combined sewerage treatment sudges. The poutantconcentrations 

of sampes reported by one investigation are shown in Tabe 49[36TABLE 49. 

CHARACTERISTICS 

OF SLUDGE FROM COMBINEDSEWER OVERFLO 
TREATMENT 

[35]LocatonBoston, 



Sudge Thickening and The of 

soids 
was aso studied by [3 Cost-effective sudge handing and disposa requires 

that the soids be easiythickened for digestion or for incineration or 
and disposa. Theresuts of the aboratory scae concentraton tests are given in 

Tabes 50and 5 and summarzed in Tabe 52. The resuts show that most of the 
sudgescan be concentrated by conventiona techniques.TABLE 50. THICKENING OF 
SLUDGE FROM COMBINED SEEROVERFLOW TREATMENT 

[35]Gravty 
chckenngRw sludgeBoston, ssachuset -ilud 

S overflo orebsn Wsconn 
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Final Dsposa of 
SudgeThere 

are two basic options for the disposa of sudge from stormwatertreatment 
faciities:. of 

soids to the dry-weather treatment pant using eitherthe extra capacit 
of existing sudge dsposa units or addingcapacty to handle storm 

reated oading,2. Handing of the sudge 
at 

the site of stormwater treatment faciitywith a treatment system dedicated 
soey to stormwater soids.Beedback to the Treatment 

Plant-¬It 
is common practice to transport 

storwater 

soids to the sewage treatmentpant after the storm event has subsided. This 
can be done ether for thetota fow from a hoding basin or sudges from 

treatment faciities. Thesimplest transport method is to feed the soids into 
the sanitary sewer systemor interceptor at a controed rate. The two principa 

design considerationsof a beedback system are the capacity of the deivery system 
and the abityof the treatment pant to hande the additional mass oading. The 
effect ontreatment pant capacity is iustrated in Exampe Probem 5-.The 

mechanics of sudge transport have been studied for conventiona 

sewagetreatment pants and can be appied to stormwater sudge. The soidsconcentration 
and fow veocity are the two most important parameters toconsider. 

Sudge concentrations greater than 6% become difficut andexpensive to 
pump. At low veocities the soids wi tend to sette out inthe sewers 

(potentiay restricting or cogging the ines) and may be during high fow periods 
causing sug oading at the treatmentpant. The basic fow mechanics 

principes can be used to investigateexisting sewer ines to determine if 
beedback into the sanitary sewer systemis feasible or if dedcated sudge 

main is requred.In addition to potentia overoading of a dry-weather treatment 
pant withstorm fows, it is possible that toxic 

eements 

in coud disruptbioogica processes such as secondary treatment and sudge 
digestion. Stormrunoff may contain greater concentrations of certain 

toxic substances thancommony found in domestic sewage, and the addition of 
runoff or stormwatertreatment sudge to a treatment pant may be toxic to 

thebioogcal treatment organisms It is dfficut to pinpoint the eves ofmeta 
concentrations that wi decrease bioogical activity. Metas can havecompex 

effects; bioogica organisms vary in theirsusceptibiity; and may become 
acclimated to ow metaconcentrations Severa investigators have studied meta 
inbioogica sewage treatment systems and the resuts are shown 

in Tabe 53.The concentrations shown are the eves at which reduced 
efficiency was notedin the treatent system indicated.The expected 

concentrations of metas in sudges fro combined sewagetreatment faciities 
was tabuated in reerence [36] and is reproduce asTabe 54. Comparison of Tabes 

53 and 54 indicates that the raw 

sudge may be28 



EXAMPLE PROBLEM 5-. IPACT OF TREATMENT SOLIS ON THE TREATMENT PLANTDeermne the oadng to a 

dry-weather pant from a satete treatmentfacity for a n. ranstorm and compare the oadng to 
average pant oads.Specfed Condtons. Trbutary area popuaton 50 002. Average 

fow 50 3. Average 

suspended sods concentraton 200 . 
Combned 

sewer area 5 000 acresAssumpton. Ffty 
percent 

of the ranfa over the area w run off and overfow 

to the treatment facty.2. The 
average 

suspended 

sods concentraton of the overfow 300 mg/L.3. The stormwater treatment facty wi capture 
50 of the overfow 

soids.4. The captured sods w be pumped to the dry-weather treatment facty 

headwors at a sodsconcentration of 5. The dry-weather pant operate 
satsfactory 

at an overoadng of 25% of average fow.Solution. Compute average dry-weather fow and sods 
oadngFow 50 000 peope x 

50 ga/captad7.5 7.5 Mga1/D 200 mg/L 8.34 2 500 b/d2. Compute voume of stormwater treated 
at 

the 
satete 

treatment facty.Volume .0 n. ran x 0.5 5 000 

acres 0.027 n. 66.7 3. Compute mass 
and voume 

of treatment sudge pumped to the pant.Mass 
66.7 

Mga x 300 mg/L x 8.34 ga x 0.50 capture83 00 bVoume ° 3 000 b 0.02 soids concentration 

8.34 0.50 Mga4. ComparsonFow SoldsAverage-dry weather condtons 
7.5 2 500 

b/dOverfow from n. storm .50 3 000 1bComentThe probem shows that the from a asn can be 

reduced to a manageabe fow uantty wthsatete stormwater 
treatment 

utthe sods present a serous for Thedry-weather 
pant 

coud hande the 
fow n ts 

25 buffer capacty over a perod of hours,however, the 
sods woud need more than 25 days of to be 

trated 
n 

the 
spare caacty. the n. storm s far too arge to be treated and to an exstn facity. Expanded 

treatment unts or arge storage basns would have to be avalabe.29 



potentay toxic to treatment systems but not to anaerobic digeston.The potentia 
must be examined for each instaation to determine theactua concentration of 

metas in the treatment pant effuent In mostcases, the sudge woud be 
combined with sanitary sewage that had ow metaconcentrations. The resuting 

diuted infuent woud not be toxic to thetreatment organisms. However, 
operations wi usuay take paceduring periods of ow sanitary sewage fow, when the 

avaiabe hydrauiccapacity of the treatment pant is the largest, but 
diution capacity is ow.TABLE 53. CONCENTRATIONS OF METALS REPORTED TO CAUSEREDUCED 

EFFICIENCY IN BIOLOGICAL TREATMENT SYSTEMSReference 
No. Sver Ncke Copper Chromum Znc sstems,raw 

sewage[37][38][39]002 

522 525250005-02-5Anaerobc 



Handng of the Sudge at the Ste of the Stormwater Treatment Facity-¬If it 

s necessary to mantan sudge handng facilties at treatment sites, the 
characteristics of the sudges shoud be carefuyconsidered in faciity design. 

Bascay, the sludge wi have to be and disposed of by a treatment 
system simiar to ones used formunicipa sewage sudge. The ntermittent nature 

of storm events, andconsequenty stormwater sudge, wi probaby rule 
out some common processesfor remote factes that treat ony stormwater sudges. 

Bioogica systems,such as digestion, that requre continuousy fed and other 

systems,such as incneration, that woud requre extended startup times woud not 
beused at stormwater treatment sites. Thickening, vacuum fitration, 

pressureftraton, 
and woud a be acceptabe means of voumereduction and the best 

options 
for disposa are either and fiing or andspreading, preceded by a 

heat or chemica tabiization step to decreasenuisance and heath hazard 
potenta. 

There is tte existing designexperience to indicate that any of these 

common or dsposatechniques are particuary suted to stormwater solids 
treatment.RECEIVING WATER IMPACTSThe goa of a stormwater study is 

to 
evauate the impact of andcombined sewer overfows on the recevng 

waters and decde what 

controaternatives woud be most cost effective in reducing wet weather 
pollution.An 

evauation of the way which receivng water characteristics 
areinfuenced 

by stormwater runoff is aways difficut to perform because of themasking 
effect of municpa and ndustra point sources, because runoffevents 

are both intermittent and highly variabe, and because of carryovereffects of 
stormwater deposits. The impact of a storm varies withrainfa voume, 

duration, intensity, and the antecedent condtions of thebasin.The methodoogy 
frequenty used to study the impact of on streams,akes, and estuaries s 

to 
mode the characteristics of runoff for varetyof storm condtons and nput 
the 

resuting mass oadings into a recevingwater mode. A modeing approach aows the 
investgator to study a argevarety of storm and stream condtions that probaby 

woud not occur duringthe time frame of the project. Modeing aso aows the 

study of one of themany variabe infuences whie keepng the remanng ones 
constant. Themethodoogy for modeing stormwater poutants has been presented in 

eariersections of this report. Other methods incude direct measurement 
andsimpe correatons.Obviousy, mpacts are often very ste specific and the 

extent of the probemswi depend heaviy on oca conditions such as rainfa quantties 
pontsources of polution and their treatment, and use, and the 

sensitivity of 
thereceiving 

water. Urban stormwater polution can be manifested in a number ofways 
depending 

on the specific factors of the ocaty being studied.Individua ste 
conditions wi infuence both the mass oading of poutantsand the ability of the 

receiving water to assmiate the oading. Probemsresut when oadings exceed the 
capacity of a stream or ake and131 



the use of the water 1s impaired. The casses of probems that may be causedcan 
be broady categorized as folows [t• 

Aesthetic 

deterioration and soids Either genera appearance(dirty, 
turbid, coudy) or the actua presence of specific,objectionabe 

conditons (odors, foatng debris, oi fims, scum orslmes, etc.) may 
make the receiving water unattractive or repugnantto those in its 

proximity. In addition, matter maycause the formaton of sedient 
deposits that smother bottomdweing aquatic organisms or 

restrict 
river fows contributing tofooding potentia. Excessive soids 

can also make the receivingwater an unacceptabe source for 
agricutura 

rrigation water.• Dissoved oxygen depetion - Organc 
materias 

stimuate the growthof bacteria which may consume oxygen faster than 
natura processescan repenish. This condition may or may not be 

visuay apparent.In the extreme, discooration, gas formation, and 
odors may beapparenthowever, we before this etree is reached, 

conditionssuitabe for a baanced aquatic popuation of fish and ower 
speciesin the food chain may be vioated. The presence of nitrogen 

compounds (e.g., ammonia) s in some cases a significanteement 
in 

water quaity probems reated to ow dissoved oxygeneves,• Pathogen 
Concentrations - The presence of excessve concentratonsof 

objectionabe 

microorganisms can impair the abiity to utiizethe receivng water for 
certain water suppy and recreationapurposes.• Nutrients - The 

discharge of materias whch fertiize or stimuateexcessive or 
undesirabe 

forms of aquatic growth can createsignificant probems in some receiving 
water systems. of aquatic weeds or agae can beaestheticaly 

objectionabe cause dissoved oygen problems, and 
inextreme cases, can interfere with recreationa use and create 

odorsand heavy mats of foating matera at shoreines.• problems can 
fa 

into either of twocategories: () metas/pesticides/persistent which 
mayexhibit subte, ong-term effect on the 

envronment 
in areas wereoved from the area under consideration 

by the discharge of smallquantities which graduay accumuate in 
sensitive areas, and(2) ammonia and byproducts of effuent which, 

undersome conditions, can exhibit a oca, more immediate impact.Dissolved 
Oxygen DepetionThe cassica probem reated to organic 

polution 
of receiving waters is theconsumption of oxygen by the bacteria 

breakdown of organic materia.The resuting low leves of 

oygen wi destroy sensitive 

species of fish andaquatic organisms. The organic materia (and nitrogen 
compounds)in can be important to the oxygen baance of streams.132 



studed the dissoved oxygen (DO) sag for watershed in NorthCarolina 
by anayzing severa storm types and intervas during storms.resuts of the 

study are presented n Tabe 55.TABLE 55. 
RESULTS 

OF OXYGEN SAG COMPUTATIONS FORDURHAM, NORTH 
CAROLINA [2]The typeSmaSma 

to 

2 



are probaby fauty septic tanks iega cross-connections, and contaminationby 
domestic animas. The results of some investigations are shown in Tabe 56[2, 42, 

43ASSUMPTION: 

PLU FLOW 0.4 in. RAIN;1 Oh DURTIO; 
750 IN RIVER AT CREE;POIT 

SOURCE TREATET TO MEETFISH AND WILDLIFE STANDARDS EISTNG STATE 
STANDARDS41040039038070050 



A common bacteria standard for recreationa use of water is a total coformcount 
of ess than 000 organisms per Q and a feca eve of ess than 200 organisms 

per 00 Looking at Tabe 56, itis cear that wi contaminate the receiving 
water at anoutfa and, depending on diffusion and diution, may ake adjacent 

areasunacceptabe for water contact recreation.NutrientsThe infux of 
nutrient materias nto a body of water wn 

fertiize 

andstimulate 
the weeds and agae. The function of urban runoff insupplying 

the excess nutrients to receving waters has to be examned in aneffort to 
curtai ake caton.The Lake watershed in adison, was investgated to coputethe source of nutrient oading. A 

tabuation 

of nutrent sources is gven inTabe 57.TABL 57. NUTRIENT SOURCES FOR LAKE 
[44]Source 3-N 03-N Soube Tota Precptaton 60 880 570 55 70Dry faout 230 
060 2 420 

46 240• Fow from Sprns 370 9 20 .. 66 OUrban 
runoff 

990 320 7 70 20 2 60 0.0703 The urban 

runoff is an important part of 

the mass baance especiay for 
thephosphorus 

oading. More than 80 of the 
infuent phosphorus comes fromrunoff.An 
anaysis 

of potentia 

phosphorus 

loadings on Atanta area reservors wasmade to evauate the eutrophi potentia. The Atanta data are summarized inTabe 58. The estimated oadings of 

phosphorus 

from ony urban runoff werecompared to permissibe oadng rates deveoped 
by in a wordwidestudy of akes [0Severa of the reservoirs wi be exceeding the 

permssibe phosphorus limitsand, dependng upon ntrogen and ght avaiabiity, 
wi be expected toexperience some degree of Urban runoff can be an important 

source of the metas and 
pesticides 

that canbe toxic to aquatic life. It is very difficut to isoate the 35 



impacts of toic eements from urban and very itte work has beenattempted. 
One study did quantify the amount of potentia toxins on streetsurfaces to 
hep anayze the potentia for adverse impact. A summary of thisten city study 

that anayzed the components of street soids is shown inTabe 59.TABLE 58. 
URBAN 

RUNOFF PHOSPHORUS LOADINGS COMPARED TO THEPOTENTIAL FOR LAKE 
[0]b000 3Proectedphosphorus oadngs 

oadngsReservor 

980 
2000 Permssble DangerousMorgan Fas 246 

0.448 
0.8 0.34Jackson Lake 0.85 0.257 0.05 

0.0Stone Mountan 0.046 0.063 0.04 
0.07Lake 0.0 0.80 0.03 0.06Lake 
0.002 0.004 0.05 0.09 CountyHater ntake 

0.025 0.045 0.02 0.04b/ 000 ft 
0.060 - kg/3TABLE 59, POTENTIALLY 

TOXIC ELEMENTS 

IN STREETSURFACE SOLIDS 
[]Loadng,Eement 

mChromum 0.1Copper 

0.20Znc 

0.65Ncke 0.05Mercury 0 73Lead 0.57Cadmum 
0.003Tota heav 

metas 

.6Tota 
pestcdes 420 

10~PC 00 x 
06b/curb m x 

0.289 
kg/curb 

kmAlthough 
the 

street 
surface 

oadings 
are not a precise 

measurement 
of thequantities that 

can wash off in 

a storm event, it is an 
indication 

of thereservoir of toxns availabe,36 



In his study in North Caroina, measured the concentrations of metasin sampes. 
The ranges of vaues detected for some of themetas are presented n Tabe 

60.TABLE 60. CONCENTRATINS OF 
METALS 

IN URBAN RUNOFFFROM DURHAM. NORTH CAROLINA 
[2]RangePoutant Mean Hgh LowChromum 

0.23 

0,47 

0 06Cpper 0.5 0.50 0 

0Lead 0,46 2 86 0. 0.5 0 

29 0 09Znc 0 36 4 6 

0 09Reative 
Quantities 

of Urban 
PollutantsThe 

and 
reative 

importance of urban runoff as a source ofpoution 

can be demonstrated from the work of Coston in Durham, orthCaroina [2 
His study resuted n the comparson shown n Tabe 6.TABLE 6. COMPARISON OF 

RAW MUNICIPAL WASTAND URBAN RUNOFF [2]RaPoutant muncpa wastes Urban 

runoff 027 938BOD4 685 470 sods 335 6 690 
ntrogen as ... 6Nrate 

as 7.2 

...Total 
as I 47Chromum 0 0 6Copper 0.20 

6Lead 0.08 
2.9Ncke 16 
.2Znc 

5 2.0 .2 37 



The resuts indicate that even with an acceptabe eve of treatment for themunicipa 
waste, the water quaity of the receiving stream woud be degradedby urban 

During periods of wet weather, the stream quaity iscontroed by the 
urban runoff characteristics, not municipa sewage oadings characterization 

of 
the chemica quaity of the River duringboth wet- and dry-weather periods aso 
indicates the importance of runoff onwater quaity. The resuts are tabuated 

in Tabe 62.TABLE 62. POLLUTANT CONCENTRATIONS IN 

RIVERTRIBUTARIES DURIN MET- AND DRY-EATHER CONDITIONS 
[45mg/LPoutantMurray Run Trout Run 24th StreetBODDry 

weather 

8et weather 7Tota soidsDry weather 248 

weather 623Tota 
voatesodsDry 

85et weather 
34Suspended 

sodsDry weather 

37Met weather 

89Voatesuspended 
sodsDry weather 

eathr 

2538284604739793828820945426722003724As 

shown, 
the soids and 

organic 
eves increase at east 

two-fod 

for 

periodsof 

runoff.A 

third 

study 

in 

Metropoitan Seatte also surveyed two urban creeks tocompare quaity constituents 
for dry- 

and wet-weather periods [46 Harperfound the foowng increases in 
concentration during the wet season: BOD,4 mg/L; P04, .5 to tota soids, 20 to 

30 and turbidty, 0 to30 Zinc eves increased significanty in both streams 
whie ead andcopper increases were significant in one of the streams. Athough 

the BODeves were higher durng the wet season, the dissoved oxygen 
cncentrationsin the streams did not decrease. The authors credit this fact to an 

increasedrate of stream during storm periods due to higher stream veocitiesand 
increased turbuence. The oxygen reation shows theimportance of the nature 

of the receiving water in evauating poutantimpacts. A more pacid stream or 
river may have exhibited a DO sag due to38 



the BOD oading and ess The utimate receiving water shoud asobe considered in 
a regional anaysis; in this case, the urban may havecaused some DO depletion 

near the stream mouths in Sound.In addition to the chemica 

of the Seatte creeks, the communities were studied and compared to a cean 
water creek. The resutsindicate a ower quantity of sensitive organsms and a 

poorer diversity indexin the urban streams. The inhibited nature of the benthic 
community isattributed to a combination of sedimentaton, scouring, 

and chemica from metas, oi, and grease.The high variations in fow in rban 
streams may be the most 

importantdeterrent 
to the deveopment of a stabe community The ncreasing of the 

deveoping area causes an increase in runoff voume anda faster 
stream reaction to precipitation. The base fow of a streamdecreases and storm 

peaks increase. The stream fauna cannot adapt to hghyvariabe flows, 
scour, and increased sediment.39 



SECTION 

6BEST MANAGEMENT PRACTICES FOR 
STORMWATERPOLLUTION 

CONTROLMuch 

emphass is currenty being paced on controling poution byattacking the 
probem at its source, as opposed to potentiay more costydownstream treatment 

faciities. These source contros, termed "BestManagement Practices" 
(BMP), are a practice or combination of practices thatare determined to be 

capabe of being impemented and most effective inreducing the amount of 
poution generated by a source to a evecompatibe with water quaity goas.Best 

Management Practices are cassified 

into two groups: () panning, whereefforts are directed to the contro offuture 
deveopment or redeveopment ofexisting areas, and (2) maintenance and operationa 

practices to reduce theimpact of nonpoint source contamination from 
existing deveoped areas.Successfu stormwater polution control depends on 

the effectiveimpementation of the proposed panning efforts and/or 
contro practices.Legisation or ordinances, to force or encourage with 

the intendedBMP, has been found most effectve in achieving this end. Essentia 
tosuccessfu and enforcement is a concerted effort to monitorcompiance 

with the intended egisation and educate not ony those who wibear the 
responsibiity of reguaton, but the pubic as we.PLANNINGThe concept of preventing 

and reducing the source of stormwater poution bestappies to 

deveoping 

urban areas, for these are areas where man'sencroachment is yet minima, or 
at east controabe, and drainageessentiay conforms to natura patterns 

and leves. Such ands, inconsequence, offer the greatest fexibiity 
of approach in preventingpoution. What is required, therefore, is 

to manage deveopment in such away that a regime may be retained cose 
to natural eves. It is inthese new areas where proper management can 

prevent ong-term probems.The goa of panning is to deveop a macroscopic 
management 

concept to preventthe probems resuting from short-sighted deveopment 

of individua areas.hen considering stormwater management, the panner is 
interested incontroing the voume and rate of runoff as we as the characteristics. 

The goa is to preserve the initia ecoogica baance sothat expensive 
downstream treatment faciities can be minimized. Since thesize 

of 
storm sewer networks and treatment plants is quite sensitive to the40 



fowvome 
or acosts.reducton 

n totafow, quantity, and particuary the peak a reduction n voume or a smoothing out 
of the peaks wil resut ower constructoncosts.Land Use PlanningThe 

startng 

pont of and use 

panning is the knowedge that trationaurbanization upsets the natura hydro 

and baance of awatershed. The degree of upset, and whether t is 
beneficia or detrimenta,depends on the mix, location, and distribution of the 

proposed and useactivities. As man an area. the recevng waters are degraded 
by from his actvities Effective panning requires that mits be put onthe 

stream degradation and that the quantitatve effects of deveopmentoptions be 
evauated to wegh ther merts and decide what restrictions shoudbe paced 
on the residuas emitted from each site.Computer simuation an mportant panning 

too for examinng theinteracting poutant sources 

n a watershed. By modeing the runoff processfor urbanizing areas a 
panner can predict the effects of proposed pans andthe abiity of controls to 

sove potentia probems. The receving watersystem and pont sources of poution 
shoud be incuded in the evauation tounderstand the relative importance 

of 
urban runoff. Severa existing odesthat can be used to examine the runoff 

process have been descrbed in Sec¬tion 4. ater quaity criteria standards can 

be recommended after investi¬gating the sources of polution and the abiity 

of the receiving water toabsorb oadings.Having set goas for the watershed, 
the panning agency has two chocesfor achieving the water quaity 

standards. 
Either the 

ndividua sites can forced to compy with individua practices and performance 
standards that ftinto the master pan, or the basn system can be designed and 

antaned as apubic utiity. The decision on how to bend the options to meet 
specificsite conditons is the key to impementing basin pan. Isoated deveopmenttracts 

can be controed by requiring deveopers to folow specifc sourcecontro 
practces, or simpe set of performance standards can be appied andthe choice 

of practices can be eft up to the deveoper. For exampe, theagency can 
requre that the runoff from the deveoped site must not exceed intensity. The 

deveoper w have to minimize runoffproducing areas and provide detention 
faciities at the ste.When deaing with individua or sma-scae construction n an 

urbanzngarea, a pubic utiity must ensure that contro panning 
isimpemented. The utiity needs the power to acquire land to 

preserve 

natura and infitration areas before deveopent overruns the best 
stes.Deaing 

with the sma-scale deveopment is difficut politica probem 
whenstressing contros. Pans must be deveoped, and specific sitesmust be set asde 

for etention ponds, and beforeurbanization begins. This invoves buying the 
land or inverse condemnationbefore the tax base has been deveoped to pay for 

t.Panners aso must consider the effects of their actions on areas outside 
theindvidua watershed. For exampe detaining storm fow in a downstream14 



watershed whie it remains unreguated upstream can cause higher food evesin the 
rver than competey unreguated system.Use of 

Natura 
Drainage FeaturesThe 

traditiona 

urbanization process upsets the existing water baance of aste by 
repacing 

natura infitraton areas with roadways, parking ots,roofs and other 
impervious areas. The increased quantity of is carriedaway in concrete cuverts 

or compacted earth channes instead of in naturachannes and grassy The net 
impact is increased runoff, decreasedinfitration to the and ncreased The 

increased fowveocities wi mean increased channe erosion and the transport of 
surfacemateria to receiving waters. Athough most of the surface materia 

isnatura and harmess on the land, it wi become a water poutantcontributing 
to stream degradation. If the natura drainage features can 

bepreserved 
ncreases wi be minmized and poution oads contained.The key to 

preserving 
a natura drainage system for an urbanizing area isunderstanding the 

water 

baance and designing to minimizeinterference with the system. The sois 
and hydroogy of the ste must bestudied so that high-density, highly 

impervious constructon such as shoppngcenters and industria complees, is 
ocated in areas with naturay ownfitration potenta, and the best recharge areas are 

preserved as open,undisturbed space in parks and woodlands, Runoff from 
deveoped areas shoudbe directed to the recharge areas and detained to 

make the best use of theful infitration potentia. Any necessary drainage channes 
shoud bemodeed on the natura swaes of the undeveoped site. The broad, 

grassyswaes wi sow down the runoff and maximize infitration. The drainage 
pancan incude variabe depth detention ponds that wi rise during a 

runoffevent and return to a base eve during dry weather.Reaizing that the goa of 
the design is maximizing infitration-recharge andminimizng runoff, the 

panner shoud be abe to incorporate the foowingtechniques 

into the site pan:• Roof eaders shoud discharge to pervious areas or seepage 
pits.• As much area as possibe shoud be eft in a natura undisturbedstate. 
Earthwork and construction 

traffc compact the soi anddecrease infitration.• Steep sopes shoud 

be avoided. They wi contribute to erosion andessen recharge.• 
Large expanses of impervious area shoud be avoided. Parking otscan 

be buit in smaer 
units 

and drained to pervious areas.• No deveopment shoud be permitted 
in food pains.An 

interesting technoogica answer to the probem of preserving pervious 
areais the possibiity of using an open graded concrete as 

paving42 



materia. Experiments have shown that it wi serve as a porous pavement,aowing 
as much as 64 (25 of to infitrate through thepavement [Preiminary 

investigatons have 

shown promise that it can withstand stabiity,durabity, and tests, and that it 
is comparabe in cost toconventiona paving with dranage. Long-term tests 

wi have to be made ofits resstance to cogging and the effects on the 
quaity 

of water thatfters through the pavement. If the soi under the pavement 
and base is freedraining, the rainwater wi inftrate quicky into the ground; 

however,porous pavement can aso serve as a ponding device if storm 
quantities exceedsoi capacty. The porous nature of the pavement permits water to 

be storedn the pavement. A pavement with a 10 cm (4 in. surface course and 
5 cm(6 in base course coud store 6.1 cm (2.4 in.) of in its voids. 

Theproven use of porous pavement can be an mportant too in preserving 
naturaldrainage.If 

natura drainage techniques are developed at a ste, the resultng 
systemshoud 

provide a water baance cosey approximating the conditions. The site wi be ess 
densey populated than most panned areas;however, the panner w have a 

communty that shoud be more desirabe toive in. In addtion, it has been 
estimated 

that a natura dranage systemcosts about $500 less per hectare (600 ess 
per acre than a conventonasystem [2Erosion ControsThe contro of erosion 

fro constructon and developing sites w have amajor impact on the tota poution 
oads 

imposed 

on receiving 

waters.Current estmates indicate that approximatey 3900 (500 m2) of 
theUnted States s urbanied annualy. A of ths and is exposed toaccelerated 

erosion.From a knowedge of erosion and the guideines that have bee. 
writtenconcerning eroson control, severa basic princpes for contro of 

erosionare apparent:• 

Reduce the area and duration of so exposure.• Protect the soi wth 
much 

and vegetative cover.• Reduce the rate and voume of runoff by increasing 

infiltrationrates 

and surface storage and by planned dverson 

of excess runoff.• Diminish runoff velocity with 

panned engineerng works.• Protect and modify dranage ways to 
withstand 

concentrated runoffresutng from paved areas.43 



• Trap as much sediment as possibe in temporary or 
permanentsedmentation 

basins.• 

Maintan competed works and assure frequent nspection formaintenance 
needs.These 

princpes can be impemented by a varety of simpy constructedfacites. 
Detaied descriptions and design crteria are avaiabe in theiterature [3 Costs 

for some of the basic erosion contro aternatives arepresented in Tabe 63. 
Probem assessment and effectiveness anayses havebeen performed, in terms, 

using the Universa Soi Lossequation described in Section 5.TABLE 63. 
EROSION CONTROL COSTS PERDEVELOPED 

ACRE 4]Vegetatve measuresInta 
place¬ment 

cost,$/acre$/acre 

x 2.469 
$/haacre 

0.405 
hatons/acre 

x 

2240 

kg/haFrst 
yearmantenancecost/acreSeedng: 

seedbed preparaton 

seed 
andappcaton, 

muchng 
at 2 

tons/acreTemporary seedng by machne 
240-330 50-20Temporary seeding by hand 

335-45 50-20Permanent seedng by machne 790- 
220 50-20Soddng, ncudng seedbed preparation 

2 400-3 600 2402 900ulch, 2 tons/acreBy 

hand 20-40By machne 90-20Mechancal measuresEarth dversion 
Straw 

bae barrersSt 

basns wth earth 
dam, 

watershedarea2 

acres to 5 



both and the coection system can maximze contro of poutantsby directing them 

to treatment or disposa.Neghborhood 
AreasLitter 

contro-¬Spent 

containers from 

food and drink, cgarettes, newspapers, sidewaksweepings, awn trimmings, 
and a mutitude of other materias careessydscarded become street itter. 

Uness this materia is prevented fromreachng the street or is removed 
by street ceaning equipment, it often Isfound in discharges. Enforcement 

of laws, convenientocation of sidewak waste dsposa containers, and pubic 
education programsare just some of the source contro measures. he difficult 

to measure, thebenefits that occur are aesthetic improvement the urban area 
and reducedpolution of the urban Accordng to a recent Caifornia study [5], 
in urban areas, itter 

accumuatedat 

a rate of approximatey .8 kg/personyr (4 Of ths tota,about 0.84 kg/personyr 
(.8 appears as itter between the curbines of streets in urban areas. 

It was reported that about 2% of themateria pcked up during mechanical street 
sweeping was itter.Chemica Use Control-¬One the the most often overooked 

measures for reducing the poution fromstormwater runoff is 
the 

reduction in the 

indscriminate 
use and disposa oftoxc substances such as fertiizers, pesticides, 

o, gasoine, anddetergents.Operations such as tree spraying, weed contro 
and fertiization of parks andparkways by municipa agencies, and the 

use of 
pesticides 
and fertiizers byindivdua can be controed by increasing pubic awareness 

of thepotential hazards to receiving waters, and providing instruction as 
to properuse and appication. In many cases over-appication is the major 

problem,where use in moderation woud acheve equa resuts. The use of less toxicformuations 
is another aternatve to mnimze potentia poluton.Comparative for 

severa organic phosphorus and chorinatedhydrocarbon insecticides have been 
presented [6Pesticdes have been detected in sampes taken from severa 

urban areas wthtypical oadings, incuding between 40 and 3400 (0.00036 
to0.02 [7] Direct dumping of chemicas, ol 

and 
debrsinto catchbasins, inets, and sewers is a sgnficant probem that may 

ony beaddressed through educatona programs, ordinances, and enforcement.Street 
Sweeping-¬Street sweeping is used by most cities to remove accumuated dust, 

drt, anditter fro street surfaces, but ceaning is usuay done for aestheticreasons. 
In many neghborhoods the amount of paper toerated by the 

publicgoverns 
cleaning 

frequences [6 Street ceaning practices have been shown45 



to be an effective method of attacking the source of poution probems.Street 
ceaning 

effectiveness 
is a function of () sweeper efficiency,(2) ceaning frequency, 

(3) number of passes (4) equipment speed,(5) pavement conditions, 
(6) equipment type, and (7) pubic awareness[8, 9, 0Remova rates as 

reported in 

the 
iterature vary consideraby. In one study,the range was fro to 62 of the 

inta solids oading [ In another overal removal has been estated at 33% of 
a1 

polutants on thestreet surface [9The reatonship between concentration of 
poutants found in 

urban and street sweepng frequency n one city is shown in Figure 2 [2 Theoptmum 
nterva can be determned by evauating the trade-off of costs wtheffectiveness 

of sweepng.Studies have aso shown that the number of passes affects 
removaeffectveess [8, 7], as 

shown in Figure 22.The of vehce speed has been evauated on residua 
debris. Theoptmum forward speed appears 

to 
be wthin the range of 5.6 to 8.0 (3.5to 5.0 efficient remova [7 

8],The type of pavement affects both street ceaning efficiency and poutantaccumuation. 
he few data are avalabe, in 

genera, 

concrete pavementswere found to be ceaner than asphat streets. Poutant 
oadings for asphatsurfaces have been estimated to be 7 to 20 higher than 

for other types ofpavement [7 The type of ceanng equpment aso has an effect on 
the overa effectivenessof debris remova. Conventiona sweepers are most 

effcient at 

removinglarger 
contamination matera, leavng behind the smaler fraction. Vacuumand 

air bast vehices are capabe of removing the smaer fractions. Vacuumequipment, 
however, rapidy oses its effectiveness when pavements are wet.Ths 

type 
of equipment has asoexperienced dfficuties with dogged airhoses and fiters 

due to cay-sized partices [6 Water sprays can be usedto remove street 
contaminants effectivey; however, more frequent and sewer ceaning may be 

required. The reative effectiveness of sweepingand flushing is shown in Figure 
23.Pubic awareness of, and partcipation in, street ceaning practices 

isessentia 
for more efficient operations. Vehices parked on streets duringsweepng 

operatons hamper efficiency and 

eave deposits untouched. Signs orfyers announcing sweeping schedues may 
resut in more efficent operations[13 One study [4] has concuded that 50% 

compiance with parkngreguations yieded at best 25 of the curb swept. For 70 
to 80% of the curbto be ceaned, the compance wth parking reguations must be 
maintaned at85% or higher.46 







sods oading for different and uses [9], s shown in Figure 24. In onereport 
it was noted that as vehices trave over rougher streets, morepaicuate 
matter is shaken off. A arge portion of the soids aso comefrom cracks 

in the pavement itsef [3 In terms of poution,the optimum eve of street 
maintenance coud be determined by comparng costsof maintenance with the accumuation 

of poutants.101515POR FAIR AVERAE 
EXCELLENTPAVET 



(6) educating the pubic and operators about the effects of technoogyand the 
best management practices [6-9Cost assocated 

with sating of roadways both drect and indirect, wereestimated on an 
annua basis for the states [20 A tota annualcost of $3 biion was reported, 

of whch ony $200 milion was associatedwith sat purchase and appication. 
Other costs in the tota estimateincuded () water suppes and heath, $50 

milion; (2) vegetation,$50 miion; (3) highway structures $500 miion; 
(4) corrosion damage,$2 bilion; and (5) utities, $0 milion.Colection 

System MaintenanceThe major objective of 

maintenance 
of storm or combined 

sewer systems s toprovide for mamum transmssion of fows to treatment and 
dsposal, whieminmizing overfows, bypasses, and loca fooding conditions. This 

objectivecan be achieved by maintaining the faciities within the syste at 
ther peakcarrying capacity.The signficance of coecton system maintenance as a 

best manageentpractce 

Is that when properly applied, etraneous soids and debris areremoved 
in a controed manner and thus do not accumulate as polutant sourcesto 

be fushed into receivng waters under storm conditions.The basic part of a 
mantenance program s regular inspection of the system.Specfic 

tasks incude: () mantenance; (2) ceaning (bothdeposts and root infestations) 
and fushing of pipes; (3) remova of excessshrubbery, debris, and sit 

from food control channes and ditches; and(4) contro of infow and infitration 
sources.Catchbasn catchbasin is defined as a chamber or wel, usuay 

buit at the ofa street for the admssion of 
surface 

water to a sewer or 

whichincludes at its base a sediment smp designed to retan grit and detritsbeow 
the point of overfow. The distinction is made between asdevices which 

intentionay trap sediment and storm inets which do not havesumps and as a 
result shoud not retain sedment.Historicaly, the role of catchbasins was 

to 
mnimize sewer dogging bytrapping coarse debris and to reduce odor emanatons 
from ow-velocity sewersby providing a water 

sea. 

ith improvements in stret surfacing andattention to desgn for 
sef-cleaning 

veocity in sewers, their benefits wereconsidered margina as far back 
as 

1900 [2 Despite the purported reducedneed, catchbasins are stil 
widey used.The area drained by a singe basin is highy variabe, averaging 0.63 

ha 
(.56acres) in states with heavy and 0.88 ha (2.7 acres) in a states[22Catchbasins 

receve poutants through the 
of 

street surfaces anddeiberate dumpings of eaves, grass cippings,150 



pet etc. Survey resuts from sampings from severa basns [8, 23]sho a wide 
range of potential poutant oadings in the retained iquid. Forexampe, sampes 

from 47 basins in San Francisco showed COD variations from53 to 37 700 mg/L, 
a BOD range of 5 to 500 and tota nitrogen, 0.5 to8.2 mg/L. ormaizing the 

data 
by castng out the extremes and averaging,the characteristics reduce to: 

COD, 6400 BOD, 0 mg/L total nitrogen,8 and tota phosphorus, ess than 0.2 
mg/L.Using these averages, the approximate BOD5 

poutant 
oad hed in a basincomputes to 0,08 kg (0.18 b, or the equivaent waste 

discharged by oneperson in one day. A rainfal intensty of 0.025 to 
0.050 (0.01 to 0.02 astng 4 hours is suffcient to displace 90% of the iquid 

contents ofa [24 Thus, for a city the size of San Francisco, even minorstorm 
may discharge the equivaent of 25 people through thepurging of If not 

intercepted, ths is equivaent to reducingthe net dry-weather pant effectiveness 
by 3% on the day of the storm.Countering this negative impact is the 

remova of poutants associated withthe soids retained n the basin. 
Sartor 

and [7] have identifiedpoutants in street surface contaminants associated 
by partcle size in thedry state. Using hydraulic modeling analyses 

(approximate mode to prototypescae ratio of to 3). Lager, Smith, and [25] 

have reportedcatchbasin remova efficiencies as a function of basn geometry, 
influent solids gradation, and accumulated soids from prior events. Fromthese 

data, preferred design criteria were recommended for new construction,as 
shown in Figure 25. The performance of the recommended basin under 

agraded oad is shown in Figure 26. The impact of accumuatedsediment in the basn 
dd not materiay affect remova effciencies until 50%of the sump had 

filed. Under further oads the removas dropped rapidy.Negative efficiencies 
were experienced before 60% of the sump had filed.Tota accumuatons by partice 
size at the pont of breakthrough are shown inTabe 64. In the estimates 

of the poutant load, it is assumed that 50of the street contaminants 
remain with the solids and that the baance goesinto soution.If only haf of the 

avaiable street contaminants in an urban area reach acatchbasin in a typical 
storm, approximatey 0.24 kg (0.53 b) of coudbe retained [25 This benefical 

retention is 

approximately three tmes theadverse purged poution computed above, provided 
tat the basin is wedesigned and mantained.Cleaning methods fa into four main 

categores: hand cleaning, bucketcleaning ceann, and vacuum cleaning. 
Comparison 

of PA surveydata [22. 23] from 959 and 973 shows that, on nationa 
basis, the medianceaning 

frequency has decreased from twice per year in the earier survey 
toonce per year at present. This trend is obviousy detrimenta from a waterquaity 

aspect and lustrates that many probems assocated wth catchbasinsmay be 
traced to inadequate maintenance.In general, catchbasins should be used ony 
where there is soidstransporting deficiency in the downstream coection 

sewers 
and drains or atspecfic stes where avaiabe surface solids are unusuay 

abundant (such151 





as beach areas, construction sites unstabe embankments, etc.). 
Theadvantages to be considered in the conversion of existing toinets are () 

a direct reduction in the "first flush" polutant oad, (2) areducton in required 
maintenance, and (3) the opportunity to reaocate theconserved abor. Where 

catchbasins are required, the recommended ceaningfrequency shoud be 
adjusted to imt the sediment buildup to 40 to 50% of thesump capacity [25 but in 

no case ess than once per year.TABLE 64. 

EXPERIMENTALEFFECTIVENESS 

OF CATCHBASINS% 
of apped Equvaent Partce 

sze, 

sods retaned removed, 
%0 00.10-0 250.26-0.840 85- 02.0Tota0 00 



TABLE 65. CLEANING COSTS 
FORCIRCULAR SEWERS 

[26]Ppe 

sze, n. Cost, $/ft6-0 

0.30-.302- 
0.352.252-24 

0.70-4.2530-36 
.5-6.80In. 

2,54 

cm$/ft 3.28 /The ceaning of 
arge 

sewers and nterceptors nvoves some unique probemsbecause sudge bankets 
severa feet deep can accumuate. The remova ofthese sudges can be pursued 

in 
severa ways. In Boston, manhoemodifications to eistng manhoes 

were made to provide access to 3970 (3 000 ft) of a 1.53 (5 ft) diameter 
interceptor containing an estimated3030 m (4000 yd of sudge. A 0.38 to 

0.77 
m (0.5 to yd bucket was used with wnches to drag the sudge from the 

sewer.Remova of the sudge costs approximatey $46/ ($35/yd The tota 
cost ofthe project was estimated to be 37.70/ ($.50/ft) of sewer [27Sewer 

Fushing 
Fushing of sewers on reguar basis can ensure thecontinuing 

capabiity 
of sewer ateras and interceptors to carry their designcapacity 

as we as aeviate soids buildup reducing soids to overfow.Sewer fushing can 
be 

partcuary beneficia on sewers with very fat sopes(i.e., too flat for 

average 
fows to maintain sand and grt partitheir associated contaminants-in 

suspension at a times). If a modestyarge quantity of water is discharged through 
these flat sewers periodicay,sma accumulations of soids can be washed 

from the system. This ceaningtechnique is generay effective ony on freshy 
deposited soids.Interna automatc fushing devices have been developed for sewer 

systems. Aninfatabe bag is used to stop fow in upstream reaches 

unti a voume capableof generating a fushing wave is accumulated. When the 
correct voume isreached, the bag is defated with the assistance of a vacuum pump 

reeasingimpounded water and ceaning the segment of sewer [28The fushing 

wave wi be attenuated by wa friction and other interna pipeirreguarities and 
has imited usefuness. It s estimated that 

approximatey370 

m (200 ft) of sma and medium diameter sewer coud be flushed by asinge 
flushing station.For 46 to 6 cm (8 to 24 in) pipes, an automatic fushing station 

capabe ofbeng instaled in an existing manhoe woud cost approximately 
$6000. Thisstation would 

require routine inspection (once a month). It woud have anestimated annual 
operating cost of $500 and woud consume approximatey $50worth of power annually.54 



Dranage Channel Maintenance Maintenance of food control channes can covera wide 
range of ceaning tasks. Debris to be removed ranges from trash,garbage, 

and yard trimmings to used tires and shopping carts. Currenty, veryittle 
cost data are avaiabe on the maintenance of food contro channes.A imted survey 

of West Coast food contro districts indicates that the costfor maintenance 
of 

flood contro faciities range from 2.50 to $5,75/near ($0.75 to $.75/near ft) 
foot) of facity. This cost woud be affected bythe size of channe, the type 

of channel lining, and the access to thechanne. Other faciity maintenance 
costs are shown in Tabe 66,TABLE 66. OPERATION AND MAINTENANCE 

COSTSFOR FLOOD CONTROL FACILITIESI 
teFactor-yeary costConcrete 

structuresGates 
and steel 

structuresLeveesRprap 

sopes sopesChanneRoads 
and 

Interor 
dranage 

factiesUndeveloped 
Q. 

of frst cost 5 

of frst costS960 6/ft 
heht-m$70/ft 

heghtm44/ft 

heghtmS320/$4002 
of 

frst cost50 of 
deveoped bank cost/ft 

heghtmi 
2.038 / 

heghtkn$/ x 0.622 

Infow 

and 
InfitrationThe 

entering 
of extraneous fows nto 

a ewer can be generay categorized aseither nfow or 

infitration. 

Infow usuay occurs 

from surface viaroof connectons, cross connections between sanitary and 
storm 

sewers; yarddrains, or fooding of manhoe covers. Infiltration usuay occurs 
by waterseepng into the pipe or manhoes from eaky joints, crushed or coapsed 

pipesegments, eaky latera connections, or other pipe faures. By 
reducingeffectve coection system and treatment pant capacities extraneous fowsmay resut 

in unnecessary poution.The ocaton and assessment of infow-infitration 
sources have been discussedat ength in recent iterature [26. 29 The cost for 

an evauaton survey todetermine the 

magnitude of inflow/infitration ranges from $3.60 to $7.70/($.0 to $2.35/ft) 
of sewer (974 doars).Some of the most common sources of infow are summarized 
in Tabe 67.Estmates are given for the fow contributed from each source and 
the cost ofeiminating that source are aso 

given.55 



TABLE 67. REHABILITATION COST ESTIMATESFOR 
INFLO 



• Deayng runoff and stretchng out the polutant oadng over aperod 

of time enhances the abity of the stream to assimiatepoutants.• 
Panned 

storage 
can be used to keep ranwater from runningoff urban surfaces 

that are sources of polution, such asurban streets.• The decreased 
veocity of storm 

runoff caused by detaining peakfows wi resut in less channe 
erosion 

in natura streams andearthen conduits. The ower velocities 
aso mitigate the impact onorganisms iving in the stream.• If peak 

of stormwater through combined 

sewers can becontroed, the overfows of heaviy pouted combined 
sewage can bedecreased or eiminated.• Detention of stormwater in a pond 

for any period of time 

wil result n some setting and thus may decrease the oading ofthe outet 
water. Some bioogca stabization may aso occur.The precipitation/infitration 

process is the most mportant method ofrepenishing 

the 
reservoirs that serve as potabe water suppiesfor many areas of the 

country. The decreased infitration and ncreased waterdemand caused by 
urbanization 

stress groundwater suppies unless rechargeareas are set aside as 
basns deveop. Athough arge-scae urban stormwaterrecharge programs have not been 

implemented because of potentia groundwaterpolution, onsite retention and 
recharge has been deveoped for smawatersheds. Retention basins are usuay 

varabe-depth 
ponds designed withno outet or ony a bypass for eceptionaly 

high flow cndtions.Retention is also practiced as controed onsite storage 
where 

groundwaterrecharge is not important. In a typica eampe, the 

California Division ofHighways has but retention basins to dispose of hghway 
runoff in the San Vaey. These basns were deveoped from 0.4 to 2.4 ha (1 

to 
6 acre)depressions that had originay been embankment materia.Infitration 

capacity is sometimes mproved by excavating .8 to 3. (6 to10 ft) deep 
trenches 

or vertca drains and with porous materia.Maintenance is minimzed 
by providng ow-velocity channels ahead of thebasins to hep sette suspended 

partices. The areas are scarified once ayear to decrease the surface cogging 
effects of organic soids.The aternative to retenton is to construct sewers 

to carry the runoff toacceptabe receivng aters. Therefore, the economc 
advantages depend on theength of sewer that woud be required. 

Additiona 
advantages of the pondsincude tota containment of the highway runoff 

poutants and therecreatina asset to ocal cities that can landscape the basns 
as additionaparkand.Detenton In its simpest form, detention means 

capturing 
andcontrolng the reease rate to decrease downstream peak 

fowrates. Onsitedetention uses smple ponding techniques on open areas where 
stormwater 

can 

be57 



accumuated without damage or nterference with essentia activties. Thedesign 
essentias incude a contained area that aows the to pondand a reease 

structure 
to contro the rate at which the is aowedinto the drainage system. The 

reease structure is usuay a simpeconstruction, such as a sma-diameter 
pipe draning basn or an orificepate paced at sewer inet. The 

capacity 
of the pipe or orifice imits the to a eve acceptabe to the downstream 

system where the depth ofpondng has to be mted, the reease structure w have 
an 

automaticoverfow to prevent ecessive ponding.Surface ponding is the 
most common form of detention beng used 

by deveopers.In most cases the faciities are carefuy panned so that the ponding 
area isa dua-use facility that enhances the vaue of the site. Varabe leve 

pondshave a permanent water eve during dry weather and increased hoding 
capactyduring 

storm conditions. The permanent akes have aesthetic and recreationaappea 
which increases ot vaues. Basins that are dry between storms areoften 

designed to be used as baseba fields, tennis courts, and genera openspace. 
Parkng ots can be made to serve as ow-depth storage ponds bysoping the constructing 

drain outets Side slopes are restrictedto about 4 percent for 
traction the winter, and the pond depth is imitedby the need for peope to 

reach their vehices. Obvousy, a truck terminaot can be aowed to pond to a 
greater 

depth than a supermarket ot. Theeconomic aspect of surface ponding is 
derived from the savings over aconventional sewer project. Severa surface 

ponding sites are listed in Tabe68. cost comparison is aso made 
between a drainage system using surfaceponds to decrease peak fows and conventiona 

storm sewer construction.Greater benefits are obtained if the poution 
contro aspect is considered.TABLE 68. SURFACE PONDING [30]Cost estmate, 

$SteDescriptonWth surfacepondngWithout surfacepondingEarth City, 
MssourConsodated 

St. Lous, MssouriFt. 

KentuckyIndan 

Lakes 

Estates, IlinoisA panned 
comunty 

ncuding 2 000 
000 5 

000 
000permanent 

recreatona 

akeswth additona 
capacity forstorm 

fowA 

truckng termina 
usng 

ts 5 000 50 000parking 
lot to detan 

stormfowsA 

mtary nstaation usng 2 000 000 3 370 000ponds to decrease the requreddranage pipe szesA resdentia 
deveopent 

200 000 600 000using ponds and an existngsn 
drain58 



Two variations of detention that have proven successfu for metropoitanappication 
are pondng on paza areas and ponding on roof tops. Bothtechniques 

have been pioneered at the Syine Urban Renewa Project in Denver,Coorado 
[3 The basc approach 1s the same for other forms of detention.The outet from 

the ponding area must be constructed to aow toaccumuate urng peak 
storm condtons. The depth that can accumuate onpazas must be imited to 

approxmatey .9 cm (0.7 in.) because ofpedestrans, but it is posse to 
desgn 

pazas so that portions can beflooded without inconvenence. A depressed 
paza secton in Denver is shownn Fgure 27. Roof tops in metropotan areas 

provide an exceentopportunty for detenton. Host are fat, watertight, 
andstructuray designed to take oads greater than that of ponded 

stormwater.It adds very litte to the cost of a new building to ensure 
structuraconditions for ponding. Detention 1s controled by a smple drain ring 

setaround the roof drains. As the roof begns to pond, fow is controed 
byorifices in the ring; extreme flows overfow the ring to prevent structuradamage 

to the roof.Figure 27, Depressed plaza ponding, Denver, Coorado.Design 
acceptabiity of 



access. Typica safety features incude shaow bank sopes and 
outetguards.Maintenance 

Debris remova, care for the andscaping, and maintenance of theoutet 
structure are a part of the routine operation of a detentionfaciity.Mosquto 

breedng 

ana algae growth Both mosquito and agae probems can beeiminated from dry 
basins by ensuring that the areas dry out competeybetween uses. For permanent 

ponds, these problems are more dfficut tocontro. Mosquito breeding 
can be upset by controng grass at theshoreine, varying the water 

depth every few days, or stocking the ponds witharvae-eating fish.Land area 
required The best way 

to overcome objections to and set aside asa detenton pond to recognize that 
the area can be an asset as open space.Housing near and pond areas usuay 

has a higher market vaue ifthe open space is aestheticay desgned.Poor appearance 
f dry ponds Detention ponds are most 

presentabe when agrass cover kept on the basn sopes and foor. Grasses 
can be grown thatwi withstand periodic flooding. If retention basins contain 

water for ongperiods of time or need to be vegetation-free for better 
infitration,appearance objections may be overcome by sight barriers such as 

trees.Respnsbiity of ownership In most cases the responsibities of 

operatonand 
ownership shoud be assumed by a pubic agency. The equpment, manpower,and 

epertise required for operaton and maintenance is beyond the abiitiesof 
associations and deveopers.LEGISLATIONSpecia egislation is necessary to 

impement many best management 
practiceseffectivey. 

Laws, 

ordinances, and agreements wi simpify the process ofdraning upand areas 
with a mnimum of food damage and polution. Theaternative, civi suits and 

tort 
aw, becomes amost unworkabe whenthousands of property owners are 

involved. The smpest form of egisation,and the form enacted n most urban 
areas, provides for pubc worksauthorty to buid and maintain drainage 

system to transport to amajor receiving water stream. The authorty is 
funded or empowered to raisemoney and aowed to acquire property or easements 

for the system.In most cases, the food contro or dranage authorty succeeds 
in meeting itsprimary objectve, quick remova of by channeng 

runoff 
intoarge concrete conduits and dischargng at a pont downstream from the 

newyurbanized area. Some major difficuties can deveop from the mpementationof 
the typical runoff system.. The combnation of generay impervious urban 

area and a systemdesgned to remove runoff as qucky as possibe increase 
foodpeaks in the recevng stream. 

Ths ncrease may be dsastrous fordownstream residents.60 



2. Urban has the characteristics of a weak sanitarysewage and consequenty 
there is a growng realization that sometype of treatment 

shoud be required before discharge into sensitivereceving waters. Since 
many colection and treatent componentsare necessariy sized on 

the basis of the peak rate of fow, itwoud be cost effective to 

decrease both runoff peaks and voumes.3. The common growth pattern 

for an urban area consists of an odercity on the banks of a receivng 
stream with suburban areasdeveloping on the perimeter of 

the city. These newer suburban townsmust often drain through the 
original city to the stream. Asidefrom probems, the ncreased fow 

w tax thecapacity of the ctys system n highly deveoped areas 
whereconstructon to increase capacity is dfficut and 

expensve.One 
soution to these probems s drainage basn egsation 

requirng 

that changes be kept at a mnimum durng deveopment. If the rainfaand 
runoff poutants are contained at the source, the downstream probems aremitigated. 

Legsaton to accompish the contanment is more compex andcontroversia than 

common dranage aws. At a minmum it wi require that apercentage of the 
land 

be eft undeveoped and dedicated to ordetention basns. The egsaton may be 

very controversia if t severeyrestricts the ways in which prvate and can 
be deveoped.General ConceptsThe deveopment of a runoff poicy requires that 

a egisatve authorityrepresenting the drainage basin (usuay 

a county or 

state) 
study the probemsof the basin, formuate objectives and outne 

methodology 
for meeting theobjectives. The actual engineering nvolved in detaing the 

methodoogy isusuay deveoped in a manua of reguations by the pubic works 
authoritydesgnated to enact or enforce the egislation.The probems that must 

be 
defined wil vary by basin and receving water butgeneraly fal nto the 

categores of food protection, poution 
abatement,erosion 

control, and protecton. The objectives of theegsation wi incude some 

of the foowing points:• To protect the pubic heath, safety and wefare• To 
define responsbiity for a aspects of the problem, i.e., wisoutons be 

deveoped by cities, deveopers, or private andowners?• 

To authorize adminstrative and/or pubic works 

departments 
toimpement the egsaton• To impement the most equitabe and 

cost-effectve soution to theprobem• To protect the receiving water• To 

conserve for benefcia use6 



• To contro deveopment in the food pain• To 

provide a basis for future deveopment by considerng areas wheregrowth 
shoud be controled or encouragedThe 

objectives 
have to dea with future condtions as wel as the present andin fact 

egisation is more successfu in preventing future probems than insovng existing 
ones.The basic 

methodoogy 

is the containment of a or part of the andpoutants at or near the 
source. The options for accompishing this wi beiustrated by eampes of programs 

in severa areas. The choices mayinclude:• Reguations requiring that 
the rate 

or voume of runoff afterdeveopment be the same as eves• A 
program 

by a municipa authorit to bud upstream 
detention 

orretention faciities• Reguations prohibiting construction in 
natura ponding areas 

orf• A system for runoff contro taxes that are prorated according 
tothe 

amount 
of runoff generated from the property• Erosion and sediment 

contro ordinances designed to prevent sooss 
especiay 

during construction activities• and discharge ordinances that 
prohibit the use ofchannes and systems to 

dispose 
of refuse, motor oi, andother foreign materaThe methodoogy 

shoud be presented in the legisation to give a cear mandateto the 
impementing authority. 

However, 
it is not necessary to give specificdesign reguations for engineering 

soutions requred. For eample, it ispreferable to require that runoff not exceed 
historic rates for the 0 yearstorm rather than mandate a certain size 

retenton basin. The former casew aow the andowner or municpaity to deveop the 
best engineeringsoution for the indvdua ste.The egisation can take any 

of severa forms dependng on the authority andobjectives of the egisative 
body. Exampes woud incude 

muncipaordinances 
food contro ordinances, buiding codes, zoning pans,subdivision 

reguations, sewer and drainage fee assessments, or openspace pans and 
poution contro ordinances.Example ProgramsA summary of ten innovative 

programs as reported in the iterature [30, 32] spresented in Tabe 69.162 



TABLE 69. SUMMARY OF LEGISLATIVE 
MANAGEMENT 

PROGRAMSLocatonDescrpton 

of egsatonDenvr UrbnRenewa 

Authortye,1 

InosAbuquerqueetropotan 

FoodContr 

Authorty 

ColoradoBouder, 

CooradoSantary 
Dstrctof Greater Chcgoontomery 

County,MaryandFrfax 

CountyVirgnaSprngfed,Requres 

prvate deveopers 
to pond ranfa 

on rooftops and 
in pazas 

of alnew and 
renovated 

constructon 
The 

desgn 

crtra for pazas require arunoff rate of n and a water depth of 0.75 n. 
durng the 0 year ran.The vaues for roftops are 0.5 and a depth of in. 
for the 10 yearstorm or 3 n. durng 00 year ran.Pumbng, swer, and Mater ordnance 

requrng that reease rate bergulated by the safe capacty of the recevng 
water, but no more than0.15 Storage 

must be desgned for th 00 year storm. The ordnances appcbe to al new subdvsons and copance is requred for approvaof deveopment permts,Ordnance smar 
to that of Requres runoff to meet a varety ofcrtera; ) runoff rate sha 

not exceed historc vaues, 2) alowabe run-off rates arc prorated on the bass of stream capacity, and 

(3) runoff rateshal not eceed that of 2 year storm wth a runoff coeffcent of 
0-3 unessfactes can handle the fow. The ordinance 15 enforced for 0 acre res¬denta areas and 5 acre nonresdent throuh the issuance ofbudng perts.Requires 

detenton for new deveopments such that downstreamdranage facity cpacty Is not exceeded or th rate of runoff does notexceed the natura rate of fow. 
Compance s requred for budng permtsand subdvson apprva. In addtion, a land 
use not 

compancecan 
be sued as a pubc nusance.Requres detenton for runoff greater than rates for newconstruction. If a deveoper chooses not to provde the detenton 

he sassessed a one tme fee that refects the cost the cty w pay to deveopa 
dranage system. If detenton s provded, no fee s assessed.Monthy dranage 

fee tht s assessed aganst a 
property 

n the cty onthe bass of surface area and runoff coeffcent. Efforts 
to retan runoff resut n ower monthy charges.Requres provson for retenton before grantng sewer connectonpermts to new deveopments. The maxmum 

reease rate computed by theRationa Formula wth 3 year ran and 

a coeffcient of 0.5. Storage mustbe desned for the 00 year storm.The State 
of Maryand has cassfed sedment as poutant under its aterPoution Contro 

Act and Montgomery County's program 1s an 
exampe 

of theresut. The of the on eroson contro must be met toobtan cearng 
and gradng permits n the county. Detenton ponds are partof the requrements 

for approva.Th county has a hstory of runoff contro sar to that of ntgomeryCounty Eroson and sedment contro 

has been mandated durng constructonsnce the ate 960s. Temporary detenton ponds were used at most sites andpermanent detenton must be evaluated for a ne developers,Sewer ordinance for combned sewer areas that has decreased 
runoff by asuccessfu campagn to dsconnect sewer from sewer system.n. 2.54 

cmacre x 0.405 ha63 



ode Ordinance OutineA 

mode 
ordnance has been deveoped n reference [32 The foowing outinecovers many 

of the recommended points.1 Scope the 

ordinance is referenced to exsting egisation toprevent overap or 
confct.2. Defintions 

Engineering 

terms and concepts used in the ordinanceshoud be carified.3. 
Objectives. This 

section 

is used to give directon to ordnance andto hep the citizenry and 
courts understand the purposes of the law.Severa objectives were isted 

earier.4. Regulation. Deveop 
reguations 

for and use within thecontours of the 00 year f5. and Hydrauc 
Studies. Deveopers shoud submit 

studies for a proposed project.The reports woud contan detais ofexisting 
and projected runoff voumes and rates to serve as a basis 

fordesignng 
detention faciities and measuring potentia impacts ondownstream 

systems.6. Improvements Required. Depending on the objectives of 
the 

ordinance,improvements 

may be requred to meet runoff standards. Detentionfacites coud 
be required and maimum reeae rate specified. Thsis the most 

important part of the ordnance as it is where the chosenmethodoogy is 
deveoped.SUMMARY and ow structuray intensive aternatives, termed 

bestmanagement 
practices offer 

considerabe 

promise as the first line ofaction to contro urban runoff poution. 
By treatng the probem at itssource, or through approprate egisation curtaiing 

its opportunity todeveop, mutipe benefits can be derived. These incude 
ower cost, earierresuts, and an improved and ceaner neighborhood 

envronment.The greatest difficuty faced by is that the action-impact reationshipare 
amost totay It is cear that storage, forexampe, can be 

cosey 
reated to educed downstream conduit requrements butthe net water quaity 

benefits are far ess defined cleanerstreets and neighborhoods and 
enforced egisation win eradicate grosspoution sources but to what imit shoud 

they 
be appied and who win bearthe cost? The fna answers of cost effectveness 

w not be found short oftria impementation. Key demonstration projects 
in this regard, both in theeary panning stages, are expected to be 

impemented 
in Washington (4 years), and Forida (2 years) [33The aternatves, or 

preferaby suppements to BMP, are discussed in the nextsecton.64 



SECTION 

7UNIT 

PROCESSESMany 

treatment aternatives are avaabe to planners and designers to contro pouton; 
they have been demonstrated ether on an individuabasis or as dua use 

facilities in conjunction with dry-weather treatmentfacities. The treatment 
aternatives presented in this sectioninclude storage, physica treatment, 

bologica treatment, and treatment, anddisinfection. The alternatves are 
dscussed 

on a unt process basis;however, ndivdua processes or combinations 
of processes may be impementedon various scaes to produce the required degree 

of treatment.It has been concuded that some form of storage 

or fow equaization must beconsidered n iplementing these stormwater treatment 
options to reduce insize, number, ana costs, the treatment faciities 

required [Actual operational data for most demonstration and 
prototype 

stormwaterfaciities are limite, but it is emphasized that the 
receivng 

waterconditon and/or degree of receiving water improvement be 
evauated on a cost-effectiveness approach. Modes and modeing techniques have been 

instrumentain this regard.aster panning approaches usng storm and combined 
sewer treatment 

processesare discussed in Section 8, Applications, for several case history 
sites.STORAGEBecause of the high voume and variabiity associated wth storm 

and 

combinedsewer overfows, storage is considered a necessary control aternative.Storage 
facilities are frequenty used to attenuate peak fows associated 

withthese discharges, reducing n magnitude and size of facities required 
forfurther 

treatment. Storage, however, wth the resuting sedimentation thatoccurs 
due to increased detention times, can aso be considered a treatmentprocess. 

any such faciities are designed to operate as sedimentation basnsas we 
as 

storage tanks for flows that exceed the storage capacity.Characteristics of 
sedimentaton systems are described under PhyscalTreatent 

Aternatives,Storage 
faclities may be anayzed and designed by various rationa 

methods[2] however, recent 

studies offer a cost-effectiveness approach for szingstorage faciites 
couped 

with secondary treatment for various poutantremova constrants [3, 4 This 
approach provides a first-cut methodologyfor comparing aternative costs 

at different eves of treatment fordifferent combinations of storage treatment 
processes165 



The two types of storage facities dscussed incude inine and offinestorage. 
Source pondng and rate contro were dscussed previousy in Sec¬tion 6.Inline 

StorageInine 

storage, 
the use of the unused voume in interceptors and trunk sewersto store is 

a particuary attractive option for controing urban This aternative incudes 
nstaation of effective reguators, evesensors, tide gates, rain gage networks, 

sewage and receiving water quaitymonitors, overfow detectors, and and 
then appies computeriedcoection system contro. Such systems have been deveoped 

and successfuyimpemented in Seatte, Pau, and Detroit [2, 5-7The basic 
eements of a monitoring and contro system may incude a orcombinations 

of the foowing: () remote sensors (rain gages, fow eve andseected quaity 
onitorssuch as DO, and/or probes, gate imtswitches and postion monitors); 
(2) signa transmisson (eased teephonewires, pneumatic circuits); (3) 

dispay 
and ogging (centra computer, graphicpanes, warning ights); (4) centraized 
contro capabiity (contro of systemgates and/or pumps from a centra location); 
and 5) in the case of fuyautomated contro, a computer program that makes 

decsons and executescontro options based on current monitoring data and 
memory instructions.Descriptions of reguators commonly found in combined 

sewer systems aong withinstaed constructon and annua costs are found in 

the 
iterature [2Inine Storage Effectiveness-¬Severa prototype nine storage 

faciities are currently in operaton,showing satisfactory effectiveness in 

reducing 
tota overfow voume and 

thenumber of overfow events. It has aso been shown that as operators 
becomemore famiiar with the system, the effectiveness of the system 

operationincreases.The 
Seatte computer controed nine storage system, with an 

estimatedmaxmum 
safe storage capacity of 67.5 ML (7.8 in the andinterceptors, 

has 
evolved 

through severa contro modes and is now operatingunder automatic contro. 
The increased storage effectiveness as a resut ofincreasing system control 
is shown in Figure 28 [5 The regression inesrepresent data from 762 separate 

recorded overfow event from 34 out of 514storm events during the 3-/2 
year demonstration period.The Detroit Metro ater Department sewer monitoring 

and remote controsystem with an estimated 530 ML (0 of controed inine 
storage and anadditiona 568 L (50 of uncontroed storage 

(storage that is not aresut of the contro system), operates in the supervsory 
contro mode [7The system captured a tota voume of amounting to 21 575 ML(5.7 
biion ga) durng the 18 month demonstration perod. An estimated3,2 miion kg 

(7 mion b) of BOD and 5.9 miion kg (3 mion b) ofsuspended soids were prevented 
from entering the Rouge and Detroit rivers.During the first 6 months 

of operaton, the was able to competely66 



contain an equivaent uniform depth of ranfa of 0.8 cm (0.07 in.) overDetrots 
363 km (40 mi area. Through operator experience and knowedgeof the 

interceptor 
system, this was increase to 0.36 cm (0.4 n.) durng thelast months of 

the demonstraton perod.(0 20 0 3 4TOTAL 



system operators advanced warning of approaching storms and faciities 

procedures to maximize storage capacty the system [7Increased 

density 
of rain gages, eve sensors, and overfow status monitorsare recommended 

for ncreased system sensitivity. This is especay truewhen utiiing systems 
with imited storage capacity. Standardization of datacolection, dispay and 

computer hardware and software is recommended toprevent potentia programming 
and interfacing probems and woud greatyreduce costs [5-7Inine storage 

systems are aso 

appicabe 
for use during dry weather. Systemmonitoring has enabed the to suspend 

pumping at the treatmentplant for perods of up to hours to perform 
maintenance 

and modifcationswithout causing combined sewer overfows. In addition, 
monitoring has enabled to hod back fow from portions of the system to aow for 

sewerinspection and maintenance [7Recent iterature has deveoped 
criteria, rationae, and guideines 

forpanners, managers, and designers concernng impementation of automation 
andcontro facilities for combined sewer systems [8-0Operationa Probems-¬Operationa 

probems associated with inine storage contro 

systems incudecomputer 

programmng and hardware desgn, and contro equipmentimpementation.To deveop 
a functona computer contro system, the foowing sequence ofsystem 

design has 

been demonstrated to prevent and redesgn ofthe system [5. Preparation of 
overa system design2. Preparation of system programs3. Preparation of 

appications 
programsA 

system of debugging foreground programs 

on-ine shoud aso be provided.When 

system probems are encountered the 

foowing sequence of sources havebeen recomended: Program bugs2. Inadequate 
hardware documentation3. Hardware mafunction4. Hardware design deficienciesEectrcal 

noise 
has 

been the cause 

of many probems encountered n 

computermontoring 
and contro 

systems wth teemetry or data 

transmission [5, 768 



This causes a oss of accuracy the data requirements needed for 

systemcontroRequirements 

for dependabe service from contro system equipment is paramountto 
efficient operaton. Studies in Detroit show that although hydrauicoperated 

reguators may be more maintenance free and faster acting, they maynot provide 
the degree of safety to warrant their use. Hydrauic operatorsmay tend 

to 
drift from their set position causng unwanted overfows, and aredifficut to 

operate manuay in case of faiure. Eectricay operated gatesonce postioned wi 
not 

and can be manuay overridden during powerfailure [7Costs of Inine 
Storage 

Systems-¬Costs 
associated with inine 

storage 
systems are summarized in Tabe 70.Costs incude reguator stations, 

central monitoring and contro systems, andmisceaneous hardware.TBLE 70. SUMMARY 

OF INLINE STORAGE 

COSTSLocatonStorage 
Dranage Storage Cost per 

Annua 
operationcapacty, area, Capta cost, acre, and mantenance 

acres cost, $/ga $/acre /yrSeatte, ashnton[2, 
5]Contro andmontorng 

systemAutomatedreguator 

statons3 
500 

0003 
900 000320 
7 400 000 0.4273 
000219 

200Mnnesota [2, 

6]Detrot, 
Pau, 

[7]40648900060032000800000000.0247 



Types of Offine 
Storage-¬Offine 

storage faciities have been designed for fow containment to reducen 
magnitude the peak fow entering downstream dry- or wet-weather treatmentfaciities, 

and for treatment by detention and sedimentation of before dscharge 
to 

receving waters. Simplified schematcs of theseoperations are shown 

in Figures 29 and 30. Offine storage facities usedfor sedimentation are 
discussed under Physica Treatment 

Aternatives.COMBINEDSEERRECEVINWATERREULATOR 



constructed in high density areas, greater than 25 persons per hectare 
(0persons per acre because of and costs and and avaiabty [2, 3Storage 

System 
Characteristics-¬Basic 

appurtenances 
common to storage faciities ncude fow dversion orreguation 

structures, coarse screening, storage overfow structures, and by pumping or 
gravity. In additon, storage/detention faciiteswhch provide primary treatment 

may ncude a or combinations of thefolowing:• Fine screening of the 
infuent• 

Disnfection 
systems• Fine screenng 

or other treatment of 

the effent• Sudge/solids coection and 
removaSudge/solids 

coection and removal is perhaps 

one of the most importantoperations in the storage operation, as nadequate 
remova can generatevoatie gas and cause mechanca mafunctions and odors. 

Typica coectionequipment incudes traveling bridge sudge scrapers and 
hydrauic 

dredges[2, , 2] mechanica mixers, re ration pumps, and compressed air 
forsoids and remova [3-5 automatic and manua fushing [16,7 and use of 

street sweepers in ned basins [8 Use of automatic andmechanzed methods of soids 
remova as shown to be more effective thanmanua operations [2Design 

Criteria-¬Storage facities have been designed using concepts based on 
duration-frequency analysis f local 

rainfa events [2 

Storage seection andszing shoud aso incorporate receiving water condtions 
as part of thedesign criteria. Evauation of the percent reduction of 

pollutants requiredto obtain the most cost-effective desgn must also be 
compatible with waterquaity goas.Studies for Milwaukee have developed process 

curves for detention tanks,evauating polutant reduction and voumetrc 
efficiency for 

severa tankvoues. Suspended soids and BOO retention and percent of storm 
voumeretained for both wet and dry year rainfas are shown n Figure 3 [3The 

study aso showed a decreasing efficiency per unit voume as tank increases 
as shown in Figure 32.Offine Storage Effectveness and Appications-¬Offne 
storage facities have demonstrated ther effectiveness ncontrolng 

storm 
and combned sewer overfows. 

Many 
reiona pans incudestorage or combnations of 

storage aternatives as an ntegra part of theovera contro process.7sze 
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• Maxmm year return period overfow rate 5740 (3 Mga1/)• Estimated 

average overfow duration 7 • Estimated 

maximum overfow duration 20 h• Chorine contact 

time at design fow 7.3 Projected polutant 

removal 
and operationa performance of the Charles Riverfacity are presented in 

Tabe 72 [19 Overal removas expected are:BOD, 61%; suspended soids, 51; 
and solids, 6.TABLE 72. PROJECTED PERFORMANCE OF CHARLES 

RIVERMARGINAL CONDUIT STATION [9]Fows to statonReducton, 
———————————————— 

Detenton 

Suspended 
tme mm BOD 

so so ds3 04 05.05.47.525.537 550 





Costs of Offine Storage 
Facities-¬Updated 

costs of storage faciities and operation and mantenance costs arepresented 
in Tabe 

73.Construction 

cost curves for concrete and earthen storage reservoirs have beendeveoped 
and are shown in Figure 34 [27 Earthen reservoir costs incudeearthwork, 

iner, pavng, seedng, fencng, misceaneous items andcontingenc at 5%. 
Costs for concrete tanks incude concrete and forms,stee, abor, misceaneous 

items, and contingency.PHYSICAL TREATMENT 

ALTERNATIVESPhysca 
treatment 

aternatves 

are prmary apped for suspended sodsreova from and are of particuar 
mportance to storm andcombined sewer overfow treatment for remova of and 

suspendedsoids and matera. Physica treatment systems have demonstratedcapabity 
to hande high and varabe infuent concentratons and and operate 

independenty 
of other treatment faciities, wth the exception oftreatent and disposa 

of the sudge/soids generated from these facites.The principa disadvantage 
reates to those periods of time when equipmentsits ide during periods of dry 

weather. hen impemented on a dua use basisas either or effuent poishing 
of conventiona sanitary sewagetreatment plant fows, reduced capita investments 

may be reaized bycontinuous utiization of the physica treatment system's 
capacity.Physica treatment processes that have been demonstrated on 

either a piot orprototype scae incude: edimentation and chemica 

carfication; 
soidsconcentration and fow reguation (swir concentrator/fow reguator) 

screening; dssoved air fotation; high rate ftration; and a reativey 
newprocess magnetic separation [2, 28 Many prototype eve instaationsempoy 
combinations of the above unit processes to form integrated treatmentsystems, 

or use physica treatment prcesses in conjuncton with bioogicaand disinfection 
to produce desired water quaity goas and poutantremovas.Process descriptions 

and instalations, process performance comparisons, andoperationa 
evauations 

of the treatment technoogies using recent and pastdata from new 
and 

previous 
demonstration projects fo the base for thisreport on the state-of-the-art 

update. Design manuas, procedures, andcriteria deveoped in the iterature 
wi be used and demonstrated in theiustrative probem sets [2, 29-32Chemica 

treatment operations are include under physica treatment becausephysica 
treatment is an integra part of the overal process. Evauation 

ofchemica 
additives such as which enhance 

physica removasare aso addressed.79 



LocatonTABLE 

73. SUMMARY OF OFFLINE STORAGE Storage 

ranage Storage Cost per Annua operatoncapacity, 
area Capita cost, cost, acre, and antenance acres $ $/ga 

$/acre cost, $/yr 2Mwaukee,sconsn 
[3] 

AvenueBoston,assachusettsCottage 

FrmDetenton 
andStaton 

[7]Chares Rverargna 

CondutProject 
[9]New York 

Ct,New York 
[22, 23, 

25Sprng 
CreekAuxar 

WaterPoutonContro 
Pant1.18.53.9 
570455 

700 0.4 2 420 771 000 
0.45 3 10 

3 5 600 6 495 
000 5.00 

462 3 000 9 

488 

000 
7.9 

3 60a 

ER 2000. Estimated 

vaues, factes under 

desgn and constructon. 
Estmated 

ara. 47 - 0.264 

$/L 

785 2 
90051 0080 00097 600StoraeSewer25 Fas,sconsn [8StorageTreatmentChcago, 

Iinos[2, 
1, 

26Tunnes and 
pumpngReservorsTotal 
storageTreatent4 Oho 

[6Washnton, 

[2. 





Significant sedimentation demonstration and prototype projects are summarzedin 
Tabe 

74.TABLE 

74. SUMMARY OF TYPICAL SEDIMENTATION 
FACILITIESProect 

ocatonTpe ofsedmentation factyMaximumVoume 

of 
desgnsedimentaton 

Perod oftank, operation Oho 
[2]Tube setters n 0.and void 

space storagebasin49974 to presentBoston, 
MassachusettsCottage Farm Detentonand 

Staton 

[7]Chares 

Rver MargnaCondut 
Project[9, 20]Coumbus. 
Ohio [2, 12] 

StreetDaas, 

Texas [33] Pantiwaukee, 
Wsconsn Avenue 
[3]New 

York City, New 
YorkSprng 

Creek [2, 

22.25] Michigan 
[34] 

Street StreetCovered 

concrete tanks 
.3Covered 

concrete tanks 

.2Open concrete tanks 

3.75Open concrete tanks 

and .2tube settlers 
wth wastelime 

and poymer 

additonCovered 

concrete tank 

3.9Covered concrete tanks 

2.4Concrete tanks 

3.9Covered 

concrete tanks 3.5233 
97 to present323 Under 

designand construction403 

932 to present;modfied 

in 

96628 971 to present246 

969 

to present2900 

972 to presentIn desgn323 

nder constructon,903 

competea. Treatment of combned 

sewer overfows except 
Dalas facity 

which treats 

excessve 

santaryfows 

caused 

by inftration. 

3785 
Mga/d 

43.808 Swir and 

Concentrator/Reguators—Sods 
concentrator/reguators achieve both quantity and quaity contro of aden with 

suspended materia. The two prncipa 
types ofcontro 

devices deveoped 
incude 

the swir and the heica 
bendconcentrator/reguators 

[2, 29, 30 The principa mechanism for dynamicsoid/iquid separation 
s secondary fud motion attained through ong pathgeometric fow patterns 

[2982 



Heica bend concentrator/reguators have been modeed and design critera 
andcomparative 

cost evauations have been deveoped [30 Athough nodemonstration 
projects have been impemented in the Unted States, heicabends appear 

more practica as inine devices rather than as sateite oroffine devices. 
Swir 

concentrators have been modeed and, in severa cases,demonstrated for various 
processes incuding treatment and fow reguation,grit remova, primary 

treatment 
and erosion contro.• Swir concentrator/fow 

reguator—In 
this appication the swir sused to repace conventiona reguators 

whie simutaneousytreating combined by swir action. During 
dry weather,sanitary fows are diverted through a channe in the 

chamber foorinto a bottom orifice and dscharged to the intercepting 
sewer.Pumping of the dry-weather fow may be required by 

imitinghydrauic gradients [35• Swr terThe swir princpe has been 

appied to gritremova for 

pror to other treatment processes and as a for the underfow 
from a swir concentrator/reguator[36-38 Swir degri usualy have a 

conica 
shaped hopperbeow the circuar swir chamber where the soids 

accumuate beforebeing discharged.• Swr prmary separatorThe swir 
primary separator unit waseveoped to reove a greater fraction of 

the suspended sods 

thanthe swrl concentrator/reguator does. The configuration of 
theswir chamber deveoped was a conica shaped device with a 

depthapproximatey 
equa to the diameter [36, 39 The reativey highoverfow 

rates (approximately twice that of conventionalsedimentation) 
used in the swir design at various eves ofsuspended soids remova 
may resut in less costy constructionand require ess space 

than conventiona sedimentation basins.• Erosion controA 
modification of the swir using a conventonacatte watering tank is 

being investigated for a portabe erosioncontro device [40 
Erosion 

and construction site coud be rapidy treated before discharge 
to the receivingwater or retention ponds.Swrl concentrator and 

heica bend mode studies and demonstration projectsare summarized 
in Tabe 75 and typica swir instaations are shown inFigure 

35.Screening 
AternativesScreens 

have been used to achieve various eves of suspended solids removalcontingent 
with three modes of screening process appications.• Main treatment 

- 
screening 

is used as the primary 

treatment process• Pretreatment - screening is used to remove suspended 
and coarsesoids prior to further treatment to enhance the 

treatment 

processor to protect downstream equipment83 



TABLE 75. SUMMARY OF SIRL/HELICAL SOLIDS CONCENTRATOR-FLOWREGULATOR 





TABLE 76. DESCRIPTION OF TYPES OF FINE MESH SCREEING DEVICES USEDIN 
COMBINED SEWER OVERFLO TREATMENT [2, 

32]Type 

of screenGenera descrptonProcesappcatonCommntsDrum 
screen 

Horzontay mounted cyndr wthscreen fabrc aperture n the rangeof 00 to 84 mcrons. 
Operates at2 to 7 Horzontay mounted 

cynder 

withscreen fabrc aperture n the rangeof 20 Co 70 mcrons. Operates at2 to 7 Horzontay 
cynder madeof parae bars perpendicuar 

toaxis 

of drum- Slot spacing n therange of 250 to 2500 
cronsOperates at to 0 r/nnn.Dsc 

straner Sere of horzontay 
mountedwoven wre dscs mounted on 

acenter shaft. Screen 
aperture 

1nthe range of 45 to 500 mcrons.Operates 
at to Rotary screen 

Verticaly agned drum wthscreen fabrc 
aperture n therange of 74 to 

67 mcrons.Operates at 30 
to 

65 screen Stationary inclined screeningsurface 
wth sot spacng in 

therange of 250 to 1600 microns.Man 

treatmentPretreatmenttretent, 

mantreatment, or posttreatment of 
concen¬trated ffuentsMan treatmentSo 

ds ar trapped on of drum 

andare to 

acoecton 

troughSods 

are 

trapped 

onnsde of drum and are to a 
coec¬ton troughSods are 

retaned 
onsurface 

of drum 

and 

areremoved 

by a scraperbade.Unit 
acheves 2 to57, 
sods cake.Spit fow 
nto twodstnct 

streams: uniteffluent 
and concentratefow, in 

the proporton ofapproxmatey 
855.No 

movng parts. Used 
forremoval of large suspendedand sods.a. A 

vertcay 

mounted mi s availabe, 
whch operaes 

totay 
submerged fnd 

operates atappromatey 65 Aperture range 0 to 70 mcrons. Soids are moved 
from the screen by 

asonc ceanng devce.A 
description of piot and fu-scae 

demonstration dissoved 

air fotationfaciities is presented in Tabe 78.High Rate Fitraton-¬Severa high rate fitration piot 
study instaations have been demonstratedfor contro of combined sewer overfow poution [46, 47 
These faciiteshave used 

5.2 and 76.2 cm (6 and 30 in.) diameter piot-scae fiter coumnswith anthracte 
and sand media, together with 

various 
dosages of 

coaguantsand 

ctro to deveop basc process criteria and optimum operatngconditions. 
Descriptions of the high rate fitration faciities aresummaried in Tabe 79 and 

shown in Figure 37.186 



TABLE 77. DESCRIPTION OF TYPICAL SCREENING 





TABLE 78. SUMMARY OF TYPICAL DISSOLVED AIR FLOTATION 



process invoves inine aum addition and coaguation, poymer addition and 
fitration, and ion exchange. Suspended soidsand phosphorus are removed by aum 

additon coaguation, and high ratefitration; and ammonia nitrogen is removed 
by exchange/adsorption. Thesystem is considered a singe unit process, 

removing phosphorus and ammoniasimutaneousy.TABLE 79. DESCRIPTION OF 
COMBINED SEER 

OVERFLOW 

HIGH RATE FILTRATIONPILOT PLANT DEMONSTRATION 
FACILITIESProjectocatonCevelandOho 

[7, 59,60, 61]Process 





Process 
Performance-¬Poutant 

remova was evauated for the physica treatment processes, and issummarzed 
in Tabe 80. Remova of suspended soids is used as the keyindicator 

of process performance. Removas of BOD, COD, soids,nitrogen, and phosphorus 
are reported when avaiabe; however, removaefficiencies of these 

constituents are often erratic and unpredctabe, andvary to greater extremes 
when compared to suspended soids Ranges ofremovas are given for those 

processes where canges in oading rates or otherprocess variabes affect remova 

efficiencies, and sufficient data areavaiabe for anayses.TABLE 80. 
COMPARISON OF TYPICAL 

PHYSICAL 
TREATMENT REMOVALEFFICIENCIES FOR SELECTED POLLUTANT 

PARAMETERSPercent reductionPhysca unt 

processSuspended 

Tota 

Tota 

sods COD sods 
phosphorus 50-9038SedmentatonWithout chemcals 

20-60 30 34 30-90 20Chemcay asssted 68 

68 45 

.....Swirl 
concentrator/fowreguator 40-60 25-60Screenng 

50-95 0-50 35 ..... 20Drum 
screen 

30-55 0-40 25 60 
0Rotary screens 20-35 

-30 
5 70-95 
2Dsc straners 045 5-20 5 ....Static 
screens 5-25 0-2 3 0-6 0Dssoved 
ar fotaton 45-85 30-80 55 55Hgh 

rate 
50-80 20-55 40 55-95 50Hgh 

gradent magnetc 92-98 90-98 75 
99307108352a. 

Process efficencies ncude both and 
dssoved 

ar fotaton wthchemca addton. From piot 

pant anayss [45] Incudes 
chemca addton. From bench 

scae and 

sma 

scae pot pant operaton, 1 to 4 (0.26 to.06 Process performance curves and removas 
of other poutant 

parameters such asheavy metas 
have been deveoped and reported 

for each unit process. herepossibe, these curves reflect changes n remova efficiencies as a 

resut 

ofchanging oading rates or critica process variabes.92 



The effects of chemica addtion to enhance the physica remova efficienceshave 
been demonstrated for most unit processes, and generay show increasedpoutant 

removals at higher oadng rates. Chemca addition to dssovedair fotaton and 
high rate ftration processes have shown the greatestperformance improvement, 

generay ranging from 20% and higher [43, 44, 47Coaguant addition to 
form 

a fo s used in high gradient magneticseparation [28Typca chemca 
additives incude 

and an coaguants, such as aum and ferric choride. Bench andpiot 
scae studies to seect the poymer, coagulant type, and dose ratesshould be 

deveoped for each and unt process under nvestgationto optimize poutant 
remova rates, as was shown for the high rate fitrationproject n Ceveand 

[47Sedmentation--Remova1 of poutants by sedimentation has shown erraticresuts for 
both suspended sods and BOD 

for appications.Suspended soids remova as a function of hydrauc loadng 
rates is presentedin Figur 38 for typical combned sewer overfow 

sedmentation facites.The resuts represent average suspended soids removas for a 
event,using average hydrauc oadng rates during the overfow period. The datascatter 

is ndicatve of high and changng hydraulic oadng rates andvariabe 
infuent concentrations.1 000 I.000 3,000 4.000 0003RF LOING RE. 40 
7-/.Fgure 38. Typica suspended soids remova efficienciesfor storage/sedimentation 

faciities without chemica 



oadngs in this range; however, oading rates can vary up to 6 times thisvaue 
with reovas in the range of 0 to 35%.hen 

removas 
attrbuted to tota fow capture during sma overfow eventsand that retained 

by storage/sedimentation during arge events are incuded,removas can range 
60 and higher.Remova of BOD is 

more 
erratic than for suspended soids50% for most oading 

rates and infuent concentrations.performance of severa 

sedimentation faciities, averageexcess of 20% are common 
[2, 17, 33and ranges from 0 toBased 

on 

typicaBOD removal 
rates inRemova of 

heavy metals, 

nitrogen, 

phosphorus, and other constituents bysedimentation has been reported 
and is summarized in Tabe 81 [24TABLE 8. POLLUTANT REMOVAL FOR 

VARIOUS CONSTITUENTSBY SEDIMENTATION [24]PoutantHeavy 



Swir and Helca so ds removas for swr1concentrators average approximatey 50% 
(tota mass basis) for combined seweroverfows. In addition to the remova obtained 

by the physica spitting offows, as with conventiona reguators, the 
additiona 

20 to 30% reduction inthe suspended soids concentration is attrbuted to 
the action of the swir.Limited tests indicate a BOD mass remova of approximately 

67% with areduction of BOD concentration in the effuent of 
approximatey 47%. However,these tests were conducted at substantiay ess than the 

swirsdesign capacity of 0.3 /s (6.8 and these vaues may beunrea high [35 
Performance of the swir concentrator/fowreguator is presented in 

Figure 39, for both overal suspended sods massremova and concentration 
reduction Hydrauic oading rates to the swirlranged from 8.5 to 5 (5000 to 
30 000 100 906070BO50403020100• TOTAL ASS REOVAL CONCENTRATION REDUCTION05 

10 20 0HYRAULIC LOADIG RATE. \ gal/ft000 

Figure 

39. 

Swir 

concentrator/fow 

reguator 
suspendedsoids 

remova 



Swir terRemoval of grit was demonstrated on a pot scae usinginfuent 
sanitary sewage and sanitary sewage spiked with sand to simuate wet-weather fow 

conditions [38 Grit remova efficiencies for fows at essthan design capactes 
ranged from 50 to 87% with an average of approximatey70%. Swir efficiencies 

at fows greater than design capacity fa offmarkedy wth an average 
remova 

of approximatey 34%. Suspended soidsremova based on three runs 
averaged 

7%. The efficiency ofremoving grit partices of 2.65 and sizes 
greater than 0.2 mm was equato that of conventiona sanitary sewage grit remova 

devices; however, thedetention time of the swir is ess than minute as 
compared toabout 3 minutes for conventiona aerated grit chambers.Swr Prary 

Separator—A swr device was aso evauated as a 
primaryseparator 

using sanitary sewage and cobined sewer fows at the Humber Treatment 
Pant Toronto, Ontario [39 The piot unit was testedat a design flow 

of 37 (0.3 Mga1/d) and at 700 m3/d (0.45 Approximately 40% suspended solids 
remova was achieved by the swirl at ahydraulc oadng rate of 08 (2650 

at a detention time of0.34 hours. In comparison, the conventional setting 
basins at the Humberfaciities had similar suspended solids remova efficiencies 

at hydrauicloading rates of approximatey 8.5 m/m2. (2000 ga/fd) at 
a detentiontime of .06 The treatment efficiency of the swir primary 

separator ispresented 1n Table 82 for severa polutant parameters.TABLE 2. TREATMENT 
EFFICIENCIES OF A SIRL PRIMARY SEPARATOR [39Percent removaHydraucSwr 

oading ——-fow, rate Suspended Volate FxedMga/d ga/ftd 

sods sods suspended sods suspended sods0 
300.45236509804325604846262622a. 

3.66 12 ft) dmeter chambr.Mga/d 
43.83 ga1/ft2. .698 0-3 m3/hScreeningA 

comparison of suspended soids as a function ofinfuent suspended 
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fitration of 23 micron screen is better than 23 microns [55 and 
drum screens actualy develop mat of screened particesthat acts as a 

strainer 
retaining partices smaer than the screen aperture.Drum screens, rotary 

screens, and static screens capture ess suspended soidsthan however, they have 
been used as devicesscreening out coarse and soids and protecting 

downstreamequpment.BOD and other poutant removas are more erratic and 
have 

greater 

datascatters than suspended soids removas. BOD removas for a screens 
averagebetween 0 and 30%.Poymer addition to microstrainers improved suspended 

soids 
removaefficiency 

by approximatey 0 with increases in average fux rates of 39 to88 
(6 to 36 gal/ft Moderatey charged, high moecuar weight 50 and 05C) 

resuting 
inconcentrations between 0.25 to .5 were most suitabe for increasingefficency 

of the screening operation. The use of poymers also 
showedncreased 

reduction of volatile suspended sods, COD, and TO [55Dissolved Air 
FlotationDissolved air fotation performance has beenfound to vary 

with the foowing contro and operationa variables [44, 45• Surface 
oading 

rate to the fotation tank• Chemica addtion• Infuent suspended soids 
concentration to the flotation tank• Mode of fow • Saturation tank pressure• 

Air 
to soids ratio• Float skimmer heght and 

speedA comparison of 

dissoved ar fotation performance efficiency with andwithout 
the 

use of chemicas is presented 

in Figure 44. incorporating 

bothhydrauic oading 

rate and infuent suspended 
soids 

variabes as mass soidsoading rate. Indivdua performance data were 
grouped for each unit sodsloading rate and averaged for runs with poymer 

and/or coaguant addton, andfor runs without chemical addition. Limited data were 
avaiabe at high massloading rates; therefore, indvidua DAF run data were 

used instead of averagegrouped data to represent process efficiency. Data on 
fotation performancewithout chemica addition are imited as most appcations of 

ths process usechemicas to greaty enhance polutant removas.Treatment efficiency 
on a mass basis showed an increase over the arthmeticmean which gives 

equa 
weght to each event without regard to voume treated.Treatment efficency 1s 

usuay greater for longer duration high tota 

voumestorms 
than for short duration low voume storms. A comparison of polutant99 



removas on an arithmetic mean and mass basis is shown in Tabe 83. The causeof 
this difference was attributed to the startup ag time of 30 to 45 minutesbefore 

good quaity effuent was achieved [43 Higher mass oadings andsuspended 
soids concentrations wi aso affect efficiency, providing agreater chance 

for physica contact with the foat bubbes. 4 82- • 



TABLE 83. COMPARISON OF POLLUTANT REMOVALS ON AN ARITHMETIC 
MEANAND 

MASS BASIS FOR DISSOLVED AIR FLOTATION FACILITIES 
ATRACINE, ISCONSIN [43] 

percent rmovdAr1 
Ste 

Parameter mean 
bassI BOD 50. 62.4Total 

rganc 
carbon 47. 

60.0Tota sods 25.7 28.Suspended 
sods 59 7 67 6Volate 

suspended sods 64.7 73,6Tota phosphorus 46.6 53.2I BOD 60.4 
69.5Tota organc carbon 50.4 

66.6Tota solds 
37.6 47.2Suspended sods 66. 

69.8Voate suspnded soids 
57.0 67 3Tota phosphorus 

60.3 62 4TABLE 4. COMPARISON OF 
DISSOLVED AIR FLOTATION 

PERFORMANCEFOR 
LO AND HIGH HYDRAULIC LOADING RATES [44]Percent 

removaLow rate Hgh rate,Parameter 75 3.75 

ga/ft2 
BODCODSuspended 

sodsVoatesuspended 
so ds 2.445 59577075254664Chemical 



n Tabe 87. Ranges of optimized hydrauic oading rate and aum dosage forvarious 
poutant constituents on an individua basis are presented inTabe 

88.TABLE 85. 

COMPARISON OF DISSOLVED AIR FLOTAION PERFORMANCEWITH AND 
ITHOUT CHEMICAL ADDITION [44]Percent 

removathout 
chemca 

th chemcaParameter addton 
addtonBOD 35COD 4Suspended solds 43Voatesuspended 

soids 

48Ntrogen 
2960577724a. 

Incudes 
TABLE 6. OPTIMIZATION 

OF FERRIC 

CHLORIDE 

DOSE 
FORDISSOLVED AIR 

FLOTATION 

[43] choride dose, -0 1-20 2-50 5-70 >70Mean 
percentremoval 47.2 7.0 

70.6 
82.2 7.0 7.5No of 

runsconsdered 
537 5 64High Rate 

FtrationSspended 
soids reova by high rate dua 

mediafitration 

was found to vary 

directy with infuent suspended soidsconcentration and inversey with 
hydrauic oading rate [2, 47, 59 Bothvariabes were combined to evauate 

process performance of high rateftration as a functon of soids oading 
rate, 

as shown in Figure 45. Thedata represent groupings of hydrauic 
oading rates from 19.6 to 78 m/m2*h(8 to 32 ga/ftmin). For each grouping of 

hydrauic oading rates, averageinfuent suspended soids were determined and 
used 

to compute average soidsoading rate. It was found that there was no 
correation 

between BOD removaand hydrauic oading rate because of the independent 

variation betweendissoved and suspended BOD [47Addition of chemicas greaty 
enhance remova of suspended soids, BOD,phosphorus, and COD [47, 60 

Chemicas 
incude poly electroytes 

generayresuting 
in concentrations of approximatey mg/L; and coaguants, 

usuayaum, resuting in concentrations of approximatey 0 to 30 mg/L. At the202 



TABLE 87. DISSOLVED AIR FLOTATIO PERFORMANCEAT 
OPTIMIZE PROCESS VARIABLES 



the piot pant operation ncude aum at approximatey 50 to 20 magnetite 
(sie 

cassfication 5 to 40 micron) at approxmatey 0.05 to0.8 and at to 
3 TABLE 88. RANGE OF HDRAULIC LOADING RATES 

AND 
ALUM DOSAGEFOR SEVERAL POLLUTANT CONSTITUENTS 

[45]consttuentTota 
suspended soldsTurbdty, 



100 

70 

603 
50 

40 

20100 

ITHOUT200050TORAL1C 

LOADING RATE, al/t 

2.45= 
•hFigure 46. 

Optimized 

high rate ftration suspended soids 

removawith and without addition 

as a functionof hydrauic oading rate [47TABLE 89. REMOVAL OF HEAVY 
METALS BYHIGH RATE FILTRATION [46]Heavy meta 

consttuentCadmum 
Chromum Copper Mercury 

Ncke Lead ZncAverageremova 56 50 
39365 48a. Concentration 

bass.Removas of poutants 

from bench and piot scale testng show high 

removason 

a singe pass through bass. 

Poutant removas of 
soids, 

bioogicamateria and heav metas are summarzed in Tabes 90 92.on sngle 
pass through bass. Polmateria, and heavy metas are summarzed in 0111 

representing the average of bench and piot pant testsTabes90 [h 
92,28Physical/Chemical utrient RemovaThe 

physica/chemica system utiizinginine chemica addition, 
fitration with .52 to 2.3 (5 to7 ft) of No. 3 and ammonia 

ion exchange through a 
1.52 

m (5 ft)deep resin bed showed an 80 to 99% reduction in suspendedsoids 
with aum addtion at 110 and poymer addition at A73 micron is used as a 

device to remove coarsesoids. With auminum/phosphorus moar ratios arger than 

1.0. 80 to 90%phosphorus removal was obtained. Influent ammonia nitrogen 
concentrationsranging between 0.20 to 0.97 mg/L were reduced to ess 

than 0.20 mg/L [58205 



TABLE 90. REMOVAL OF SOLIDS BY HGH GRADIENT MAGNETIC SEPARATIONFOR 
COMBINED SEWER OVERFLOW AND RA SEWAGE Sods 



Operatona Probems-¬Many 

operationa probems encountered in treatment faciities areaso common to 
conventiona dry-weather treatment systems. These probems aregeneray equpment and 

process contro reated and incude: instrumentation,pumpin, eve recording and 
monitoring, and sampling systems Most probemscan be avoided by effective 

panning and equpment and materia seection.Operation and maintenance probems 
invoving instaed monitoring and sampingequipment are often abe to be fied 

corrected or repaced with more suitabeequipment. Severa guides for assessing and 
evauating fow monitorng andsamping equipment suitabiity to storm and 

combined 
sewer appications areavaiabe [62, 63, 64 Equpment characteristics and 

requirements, anddesirabe features are discussed for a compendium of 70 
different types ofprimary fow measurement devices and over 200 modes of 

commerciay andcustom designed samping systems.The foowing discussion of 
major probems experienced in 

operatingdemonstraton 
and prototype stormwater treatment projects evauates 

processappicaton, contro, and equipment reiabiity for severa physica 
processalternatives.SedientatonApp1 of tube setters at the Ohio, and Daas,Texas, 

stormwater 

treatment projects has shown no benefit n improvingsuspended solids remova 
[2, 33 High at Akron rendered thetube settlers instaled at the vod 

space storage project ineffective,anddeposited arge amounts of soids on 

the exposed media of the storage ce,greaty reducing infow infitration 
rates. 

Two parameters which affect tubesetter performance are () rate of fow, 

and (2) variabiity of Tube setters operate most effectivey with constant fow 
generay notexceeding oading rates of 9.8 (4 ga/ftmin) [2Evauation of a 

chemicaly assisted primary sedimentation process using wasteime from a 
water purification pant showed margina benefits in 

poutantreduction 

efficiency. The waste ime sludge contributed to the suspendedsoids 
content of the faciity effuent. The major operatona probem wasidentified as 

inadequate contro of the waste ime sudge additon to variabefowrates and 
infuent suspended sods concentratons. Poymer addition wasaso evauated but 
resuts were inconcusive due to inadequate poymer feedequipment [33Potentia 

probems for types of sedimentation faciities are sudgecolection and remova, 
and tank equipment and procedures. Positivesudge remova and ceanup systems 

are recommended 

to prevent soids buidup,odors, and excessive maintenance costs [12Swir 
and Heical Concentrator/Regu1ators--Athouh both the swir and 

helicaconcentrator/reguators 
have no mechanical parts, pumping is often requiredfor swir 

instalatons because of the head requirement 

through 
the unit.Potentia operationa probem may exist with this and other 

equipment,incuding contro vaves disinfection, fow metering, and samping equipmentcommony 
used at swir nstaations. Automatic fushing or spray washing is207 



aso essentia to reduce the need for manua ceaning and maintenance aftereach 
storm 

[35ScreeningOperationa 
and contro probems associated with screening havebeen 

experienced 
at most demonstration faciities and are imited to drumscreens, and 

rotary screens. Static screens, since they haveno mechanca parts, need tte 
servce except for routne ceanng.Mechanica probems have been reported 

with the operation of drum screens andmicrostrainers. Sippage and reduced 
speed 

of rotation of the drum wereexperienced under increased headss across 
the drum and under hydrauicoadings. Main bearing support faiures, 

roller 
bearing support faiures drive slippage, screen pane support damage, 

and excessive vibratonwere aso reported [50, 54Typica operationa probems 
incude 

screen binding due to oi 

and greasebuidup and bioogica growth on the screen panes. These probems 
have beenreduced by addng ceaning agents and sovents to the backwash ceaning 

systefor oi and grease, and by providing utravioet ight to contro the growthof 
bioogica simes,The principa operatona probems attrbuted to rotary screens 

ncude:screen ife; 
backwash 

cycing; turbuence and high impact veocities of thewater striking the 
screen panes; breaking up soids; and fo, if chemicasare used, forcing them 
through the screen,Screen faiure is the resut of high rotationa speeds, 

high 
hydrauic oadingrates, and impact and 

abrasion 
by coarse soid objects in the infuent feed.By varying and rotationa 

speeds, utimate screen ife was increasedfrom an average of 34.3 hours to 346 
hours, with an average of approximatey3.5 repairs per screen [65 statistica 

anaysis for the Ft. Indiana, faciities reveaed that the mean time between 
faiures 

for any onerotary screen unit was 3.25 hours The useful ife for 
each screen was30.5 hours. It is expected that with the addition of coarse 

screening priorto rotary screening, screen ife can be increased to severa 
hundredhours [50Backwash cycing in the automatic mode when specified hydrauic 

spits arereached has caused major hydrauic probems and foodng by 
aunit 

simutaneousy. 
This probem can be soved by putting backwash cycingon a timer 

and provdng ockouts aowng ony one unit out of servce at atime [50Rotary 
screens 

create two fow streams, a carified effuent, and aconcentrate fow n the 
rato of approxmatey 85:5. The concentrate fowmay require additiona facilities 

for 
coection 

disposal of solids.Other Physical Treatment AlternativesDissolved 
air fotation, high ratefiltration, and other physical/chemica treatments 
systems have operationaproblems simiar to conventiona treatment 

systems. These systems generayuse some type of physica Process efficiency 
depends onchemical addition in proportion to fow, suspended soids or other 
infuent208 



poutant concentrations, therefore requirng compcated chemica feed andmeterng 

equipment.Operationa 

diffcutes for dissoved air fotation which affect processperformance 
incude:• Destruction 

of air bubbe-partce aggregates in the inet one ofthe tank because of 
ncreasng hydrauic oading and turbuence• ydrauc overloadng of 

the 
effuent aunders• Breakup of foat by excessive 

agitaton of the iqud surface in thefotation tan• Hydrauc short-circuitng 
in the 

fotation 

tankThe operationa probem for high rate 
fitration 

is the accumuation ofcompressibe organc soids on the fiter meda, greaty 
reducing hydrauiccapacity and reducing the ength of fiter runs. These 

problems 
are overcomeby usng devices such as drum screens or disc strainers, 

whicheffectvey remove coarse and organic soids [47, 66Possibe operatona probems 
for high gradient magnetic separation 

incudesudge/solids 

generation and disposa. Further testing is required todetermne sudge 
and mass baances or the possibiity of magnetic seedregeneraton. Recyce 

of the magnetic seed up to 5 to 6 times may be a Desgn desgn crtera 
deveoped for the physica treatment aternatives [2]can be used to 

determne 
and 

evauate 

the sze and 
the 

resutng costs of thevarious unit processes or combinations of unit 
processes, in panningstonnwater treatment systems. The desgn criteria aso represent 

a range ofparameters by whch process effciency may be atered to 
acheve 

specifctreatment requrements, or to optimze the process in terms of 
costeffectiveness.Commony practiced treatment processes, such as sedimentation 

are appied atextreme design mits to hande the variabe characteristics 
of storm 

andcombined sewer overflows. Design critera for other processes such as 
theswir 

concentrator/reguator have been deveoped through mode studes [29with 
some fied verification to back up the desgn rationa. Design criteriafor 

process equipent such as screens, dissoved air flotation, and highgradient 
magnetic separators are recommended by the manufacturers and aresupported by 

fied operating data. basc design criteria deveoped for offline storage aso 
appy when usng the storage faciity as a sedimentatonbasin. The principa 

desgn criteria affecting both the 

physical sze andtreatment efficiency incude () hydrauic detention tme, 
and (2) surfaceoading rate. Because stonnwater and voume vary over time 
and are209 



different for each storm, sedmentaton faciities must be designed to operateover 
a broad range of oadings, as shown in Tabe 93 for seectedsedimentation 

instaations. It is recommended that sedimentation detentiontimes at 
peak design be in the range of approximately 20 to30 minutes, however, 

some faciities have been designed as ow as 6 minutes.Peak hydrauic loading 
rates generay average .9 /2h (7000 ga/ftd).Norma oading rates for most 

storm 
overfows are in the range of 3.4 to5. /2h (2000 to 3000 ga/ft2d).TABLE 

93. AVERAGE AND EXTREME DESIGN 

VALUESFOR 
SELECTED SEDIMENTATION FACILITIESProject 

ocatonSurface oadng Detenton tme. 

rate, ga1/ft 

——————————————————————— Mnmum atAverage 
Peak desgn Average peak 

fowBoston, Mssachusetts 
[7]Cottage Farm Detentonand 

factyCoumbus, 

Oho [2] StreetDalas, 

Texas [33 pantMwaukee, 
Wsconsn [13] AvenueNe 

York Cty, New York 
[25]Sprng Creek 

AuxaryPouton Control 
Factes Mchgan [34] 

Street2 
000 6 000 72 20 7 

0063 
375 728 59 

667 8004 20 3007 260232 65a 

Chemcay asssted sedmentaton wth waste me sudge 
Estmate 

to occur at ess 

than ths vaue 

9% of the tme. 

Detenton s 20 

m1n 
or greater, 

98 

of 

the tme.ga/ft 
.698 

0-3 

The arge hydrauc oading rate for New York Citys sedimentation 
faciitydoes not account for the arge voume of trunk sewer 

storage which wigreatly reduce the peak fow to the 
faciity 

[25 The oading ratefor 
this 

instaation was estimated from rainfal intensity of .27 (0.5 Rainfa 
intensities ess than this amount were estimated tooccur for over 98% of the 

time. Using coefficient of 0.5, surfaceoading rates ess than 6.8 (4000 
are estimated to occur98% of the time.Sw1r1 and Hecal 

Concentrator/Regulators—Design 
criteria for the swir andheica concentrator/reguators have 

been deveoped through hydrauic mode20 



studies using synthesized combined sewage partices [29, 30 Both units 
aredesigned 

as a functon of the net dameter. For the swir concentrator, thenet 
diameter is reated to the chamber diameter by curves deveoped fordifferent 

efficiencies of sods remova [29 Some probems doexst, however, when using the 
design curves for inet dmensons and fowsthat do not fa wthin the range 

presented in the curves. Additionamodeing and study are requred to expand 
the curve usabiity to meet fow andnet sizes encountered n fied appcations. 

It is also recommended thatemergency sde overflow wers be provded in the 
swirl desgn [4, 67 Agenera desgn ayout of the swirl regulator is shown n 

Figure47.Genera design layouts of the heica bend concentrator/reguator are 

shown 

inFigure 48. Mode studes showed that the optimum interor ange wasapproximatey 
60 degrees. The desgn detais for the heica bend are for00% grt 

(0.2 
mm. 2.65) removal.Swir terDesign criteria and design curves for 

discharges from 0. to2.5 (2.3 to 57 have 

been 
deveoped through hydraulc modestudes using synthetic grt partices [68Swirl 
Prmary SeparatorDetaed design instructons, critera, and desgncrves 

for from 0,5 to 500 (0.0 to .4 have 
beendeveoped 

from hydrauic and mathematica modes for the swrl prmaryseparator [39 
The conica shaped configuration of the devce utiies aheight equal to 

ts 
dameter, which shoud enhance sudge concentrations butaso may decrease 
cost competitveness n arge sizes.Desgn Criteria for Physica Process 

Equipment—Desgn and operationacrtera have been reported for the screenng 
aternatives, 

dssoved arfotation, high rate fitration, and 
high 

gradient magnetic separators, andare summarized in Tabes 94 through 
99 [2, 281. The design parametersgeneray reflect ranges of operationa 

imits experienced in number offied nstalations.Costs of Physca Treatment 
Aternatives-¬Construction cost and average operation and mantenance 

costs for physicatreatment processes are presented as a guide for panners to 
determine 

thereative 

economic impacts of various treatment 

aternatives on a first cutbass. Detaed cost studies are requred, incuding 
loca conditionsor changing design requrements, when preparing estimates for 

specificappication or fina seection of aternatves. Constructon cost and 
operation and maintenance cost curves have beendeveloped for combned sewer 

overfow treatment faclities rangng in sizefrom 0.2 to 8.8 (5 to 200 
ga1/d), and for storage faciities ranging insize 

from 
3.8 to 908 ( to 240 [27 Faciites incude: storage,sedmentation, 

screening, swir concentrator/reguator, dissoved airflotation, fitration 
disnfection checa feed systems fow easurement,and raw and sudge pumping statons. 

Costs represented by thesecurves do not ncude cost of and, engineerng, and 
contingencies.2 







TABLE 94. DESIGN PARAMETERS FOR DRUM SCREENS, 
AND DISC SCREENSParameter Drum 

screen Dsc screensScreen perture, mcronsScreen 

ateriaDrum speed, Speed 
range 

speedSubmergence 
of drum. 

%Fux rate, 

perft of submerged 
screenHeadss, 

in.BackwashVoume, % of nfowPressure, 3-00 00-420 
45-500Staness 

stee or 
pastc Staness stee 

or 
pastc re 

coth2-7560-800-450-242-7560-7020-506-245-55020-258-240.5-3 
0.5-3 ,.30-50 30-50a. Unts ste 

product 

Is 
a 

sods 

cake 
of 

to 
5% 

sods 

content, 

2.445 

n. 2.54 cmft 
x 0,305 

cmb/n x 0.0703 TABLE 95. DESIGN PARAMETERS FOR ROTARY SCREENSScreen 

aperture mcronsRange 74-67Recommended 
aperture 

05Screen 
Staness stee or 
pastcPerpheral 

speed of screen, 4-6Drum speed, Range 

30-65Recomended 
speed 55Fux 

rate, 
70-50Hydrauc efficency, of 

infow 75-90Backwashoume, % of Infow 
0.02-2.5Pressure. b/n 50ft/s x .305 gal/ft 

x 2.445 3/2.hb/in2 
x 0.0703 

kg/224 



TABLE 96. DESIGN PARAMETERS FOR STATIC 

SCREENSHydrauc 

perft of wdth 100-180Incne of screens, 

degreesfro vertca 35Sot space 
mcrons 250- 

600Autoatc contros Nonea. 
have 

sopes on each screen. 

25°, 35°,and 5° x 0.207 TABLE 97. 
ESIGN PARAMETERS FOR DISSOLVED AIR 

FLOTATIONOverflow rate, ga/ft 

nnLow 
rate .3-4.0Hgh rate 4.0-0.0Horzonta veocty, 

.3-3.8Detenton 

tme, mmFlotation 

ce range 0-60Fotaton ce aerag 
25Saturaton tank 3Mxng chamber Pressured 

fow, of tota 
fowSpt fow 20-30Effuent recyce 25-45Ar to pressurzed 

fow rato,stndard 
gal 0Ar to sods 

rato 0.05-0.35Pressure n saturaton 

tank, 40-70FotVoume, of total 
fow 0.75.4 concentraton, dry weght 

bass -2 2 445 0 00508 
standard 00 ga x 0.00747 b/n2 

x 0.0703 kg/m225 



TABLE 98. DESIGN PARAMETERS FOR DUAL 
MEDIAHIGH 

RATE 

FILTRATIONFiter 

meda depth, ftNo. 
3 anthracite 4-5No. 
62 sand 

2-3Effectve 
sze, mAnthracte 
4Sand 

2Fux 
rate, 

Range 8-40Design 
24Headss, ft 

5-30BackwashVoume, 
% of 

nflow 
4ArRate, 

standard ft3/m1nft 

0Tme, 0WaterRate, 60Tme, mm 
5-20ft x 

0.305 

ga/ft2.n 2.445 
m3/2hstandard 

ft3/inft 

x 0.305 
m3/m2.inTABLE 99. PRELIMINARY 
DESIGN PARAMETERS FOR HIGHGRADIENT 

MAGNETIC 

SEPARATORS [28]Manetc fed strength, 0.5-.5axmum 
fu rate, 00Minmum detenton 

time, 
mm 3atrix oading, ofmatrx fber 

0 1-0.5Magnetite addtion, 
00-500Magnette to suspended sods 

ratio 0.4-3.0Aum addton, 
mg/LRange 90-20Average 00 

addtion, 0.5-.0a. ga1/ft2m x 

2.445 3/2.h26 



Representative faciities costs are presented in the foowing paragraphs,utiizing 
actua construction cost bid tabulations and estimates from with 

data used to deveop the detaied costcurves [27 A1 costs are adjusted to 
the 2000 cost index to be com¬patibe with vaues presented in "Urban 

Management and Technoogy,An Assessment" [2A comparison of the cost of the various 
physica treatment 

processesis presented in Tabe 00. The ranges of costs were estimated, and 
in somecases, adjusted to a pant capacity of .0 (25 Averagecapacity costs 

refect an approximate cost for a treatment process groupindcating 
reative differences in magnitude between other processes.TABLE 00. SUMMARY 

OF AVERAGE CONSTRUCTION COSTSFOR 25 PHYSICAL TREATMENT 
FACILITIESPhysca 

Constructon Averagetretment process costs, 
cost, /ga 238 000-850 000 23 000Swr 

concentrator 
50 00065 000 4 50 400 

000-600 000 000Dssoved arfotaton 600 000- 

200 000 34 000Hgh rate ftraton 
400 000- 700 000 56 

000Hgh gradentagnetc separaton 2 

3 000 84 500a ENR 2000. Adjusted 

to 25 Mga/d 
costs. Range for 90 and 00 grt remova. 

Based on a 2 facty Estmates ncude suppemented 
pumpng here 

used. Based on hydrauc oadng rate 
of 

5 760 
processng and chemca addton factes. 

Bsed on hydrauc oadng rate of 24 
ga/ft- mm"ncudes and checa addton 

factes.Mga/d 0.0438 ga/ft d x .698 x 0 x 2.445 

Costs of Sedimentation FaciitiesCosts of sedimentation 
faciities aresummarized in Tabe 01, with fow capacities 
based on a theoretica 30 minutedetention time to 
provde an equa basis of comparison. Actua detentiontimes 

based on maximum 
range from approximatey 8 minutes 

[7] toover hour [33 

Costs—Costs 
of swir concentrator/reguators arebased on estimates and actua 

constructon costs excuding and costs, bypasssewers and engineering and 
contingences 

[27, 30 Construction costs forswirl faciities are presented in 
Figure 

49 for swir chamber diameters of3.05 t 5.2 (0 to 50 217 



TABLE 0. SUMMARY OF COSTS OF TYPICAL SEDIMENTATION FACILITFow 

Constructon Annua opratoncapacty, 
costs, Cot and mantenanceProject ocaton cost. Mga-dBoston, assachusettsCottage Far 7 62 4 

04 000 420 280Chares 
Rver[9, 20] 57 64 700 60 690oumbus, 
Oho [2] 

Street 80.0 34 000 20Das, Txas [33] 

Pant 57.6 3 900 ... 
720laukee,sconsn [3] Avenue 87 

0 9 500 3 00 270Ne 
York Cty.New YorkSprng Crek[2, 22, 25] 595 

0 20 060 3 
660 70 chgan 
[34] 68.0 9 760 2 040 200a. ER 2000. 

Based on 30 
mnute 

detenton tme. 
Negectng 3.0 of trunk seer storage. 

0 0438 3785 acre 0.405 haOperation 
and 

maintenance 
costs have been deveoped based on the 

number ofoverfow events per ear, and on an 
annua 

bass [27 Actuaoperation 
and maintenance 

costs have 

been 
reported at approximatey $2000 peryear 2000) for the West Street 

instaation at Syracuse, NewYork [69A comparison of costs for various eves 
of grit remova for the swirconcentrator/reguator and the heica bend 

concentrator/reguator ispresented in Figure 50. Swir design was based on figures 

generated 

frommodel studies, with ENR 2000 costs applied from Figure 49. Ony 
in 

caseswhere ow probabiity peak fows are being considered should 
designs 

based on80 and 70 grit remova be considered for use [29Swir CostsSwir 
construction and operation andmaintenance costs were estimated for 

unts with capacities of 44, 13, and 438 (. 3, and 0 Mga/d) and are presented 
in 

Tabe 102 [38 The estimatesincude miscelaneous 
costs 

for piping, wers, plates, and costs for a gritwasher and screw 
conveyor. Engineering and contingencies are not incuded.Operation and maintenance 

costs incude abor, materias and suppies, andenergy costs.28 





TABLE 02. ESTIMATED SWIRL CONSTRUCTION ANDOPERATION 
AND MAINTENANCE COSTSAnnual 

operatonSwr 

Constructon 
•, and mantenancecapacity. cost, /Mgad cost, 29 

00 29 00 6003 33 400 00 5 9000 40 800 4 
00 

0 600a. 2000. 
0.038 

m3/sCosts of 
Screening 

Facilities—Costs 

of drum 
screens 

and rotary 
screens, 

and static screens are based on cost estimates from actuademonstration 

scae faciities, and are summaried in Table t03 For severainstaations, 
costs were aso estimated for various leves of capacity basedon the configuration 

of the demonstrated instaation. Capita constructioncosts for a screening 

aternatives range from $78 to $66/mh ($2 300 to$26 and average approximatey 

$20/3h ($9 Therange of capital cost values generaly reflects specia 
construction 

methods,type of buidng, and/or support faciities such as separate 

pumping stationsor structura and archtectural requireents at specfic sites. 

Operation andmaintenance costs average approximately 0.013/ ($0.05/000 ga), 
and rangefrom approimatey $0.005 to $0.026/ ($0.02 to 0,0/000 ga) for 

staticscreens 
and a1 other types of screens.Costs of Dissolved Air Flotation 

FaciitiesCosts 
of dissoved air fotationfaciities used for treatment have varied 

widey, fromapproximately $27 and $65/3h 

($20 
000 and $26 •d) [43, 44 toover $443/m ($70 [45 These differences can be 

attrbuted tospecia structura and architectura requirements 
requirements for and more importanty, to the design hydrauic oading rate whichcan 

change the cost per design flow capacity by a factor up to 3. For 
thisreason, 

costs for dissoved air flotation faciities are presented as 
afunction of tank surface area as shown in Figure 5. The cost curvesrepresent 

data 
deveoped for several different sizes of faciities based onthe experienced 

cost of the demonstration facilities [45 and cost curvesdeveoped from 
data from dissoved air fotation facilities used inconventional 

soids 
thickening appicatins [27 The curves present a rangeof cost with the San 

Francisc data [45] considered on the high side. Thesecosts, therefore 
shoud 

be considered as a preiminary guide and shoud befoowed by detaied 
cost anaysis for specific site appications. Operationand maintenance costs 

have ranged from approximatey $0.03 to $0.059/m(SO.05 to %0.22/000 ga) 
treated, incuding pretreatment [43, 44Costs of Hih Rate Filtration—Costs of 
high 

rate fitration faciities aresummarized in Tabe 04 [28 These costs are based 
on faciities simiarlydesigned to that of the Ceveland demonstration 

project and incude a ow ift220 



TABLE 03. COST SUMMARY OF SELECTED SCREENING 



pumping station, by 420 micrn drum screens, and chemicaaddition facities 
47 Operation and maintenance costs are based on300 hours of operaton 
per year.Costs of High 

Gradient 

Magnetic SeparationCosts of high gradient magneticseparation have been 

evauated for a .0 m3/s (25 faciity and aresummarized in Table 05 [28 Capital 
costs Include pretreatment, chemicaaddition, thickening and equipment 

pumps, system,nstrumentaton, and disnfection system. Operaton and 
maintenance costsincude chemicas, abor, eectrica utiities and maintenance.Costs 

of Physica/Chemica Treatment Systems—Costs of competephysica/chemica 

treatment systems incudng chemca carifiction andchemcal 
recovery, carbon adsorption, and activated carbon regeneration havebeen 
deveoped [2 Costs of these faciities for a .0 (25 Mga/d)pant range from 

approximatey $4 000 000 to over $50 000 000 or $3 600 000 toover $45 000 
000/ms ($60 000 to over $2 000 •d Operation andmaintenance costs range from 

approximately $0.0 to $0.69/ ($0.03 to$0.26/000 ga) treated. Many of the 
treatment components include physicatreatment processes previousy 

described.Physica Treatment SystemsThe various physica treatment aternatives are 
generally combined withstorage and, in 

some 
cases with each other, 

to form integrated ful scaestorm and combined sewer management and contro 
systems In most treatmentsituations, storage/detention shoud be 

considered 
an essentia element of theovera pan to provde fow equaization and/or 

primary treatent.Screening devices, particuarly and drum screens, have been 
themost widely used physica treatment device in physica treatment 

systems.They have been used primariy as pretreatment devices to such processes 
asdissoved air otaton and high rate fitration. By using a 297 micron 

drumscreen 
before dissolved air fotation, the overa suspended soids removawas 

increased from an average of 5 to approximately 70 for the facilities inRacine, 
Wisconsn [43 Simiar resuts have been obtained by using with a 420 micron 

drum screen before high rate fitration [47Screens have aso been used as effuent 
after sedimentation anddissolved air fotation.Typica physica 

treatment process schematics are shown in Figures 52 through54. These process 
systems are the most commony found for the control of on a demonstration 
and ful-scae plant 

eve.222 
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TABLE 05. CONSTRUCTION AND OPERATION AND MAINTENANCE COST FOR 
A25 

HIGH GRADIENT MAGNETIC SEPARATION INSTALLATION 
[28]Construction 

costTota, $ 2 

000 84 
500Operaton 

andmantenance 

cost 544 
000 000 ga treated 

0.2a. 
2000. 

0.0438 \ 000 a 
3.785 

3BIOLOGICAL 
TREATMENT ALTERNATIVESBioogica treatment 

1s a means of removing organic 

poutants from streams, and can be accompished either or Severabioogica processes 
have been appied to combined sewer overfow treatmentincudng: contact 

stabiizaton tricking fiters, rotating bioogicacontactors and treatment agoons 
[2Bioogica systems must be operated continuousy to maintain an active or 

be abe to borrow the from a system which 
does 

operatecontinuousy. This and the high initia capita costs are serious 
drawbacksin 

utiizing bioogica systems in treatent.Deveopment and testing 
of new bioogica treatment processes and furtherdemonstration of estabished 
stormwater bioogica systems at other ocationshave 

not 

been attempted beyond the origina demonstration faciities,Complete 
descriptions, incuding design criteria, process performance costs,and faciities 

descriptions, have previousy been evauated [2 Thefoowing contains a 
summary of each process, using updated information anddata, when avaiabe, of 

competed bioogca faciities.Process Description and InstallationsDescriptions 
of the bioogical processes used to contro the organicpolutants found 

in stormwater are summarized in Tabe 06. These 
bioogicasystems 

are generaly ocated adjacent 

to conventional bioogica facitiesfor a source of biomass, with the 
possibe eception of treatment agoons.Contact stabiization, tricking fiters, 

and require suppementaltreatment, usually fina carification, to remove the 
bioogica solidsgenerated by the process. Effuent from treatment agoons may 

also requireaddtiona treatment for contro of agae or foatabe solids. 
Descriptionsof typica biologica treatment instaations are summarized in 

Tabe 07.224 
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Evauaton of Boogca Treatment ProcessesBiogca 

treatment processes are generay categorized as secondary treat¬ment processes, 
capabe of removing between 70 and 95% of the and sus¬pended soids from 

waste fows at dry-weather design and oadings.When bioogica treatment 
processes 

are used for treatment,remova efficiencies are ower and are 
controed 

to a arge degree byhydrauic and organic oading rates. Most biologica 
systems are extremeysusceptibe to overoading conditions and shock oads 

as compared to physicatreatment processes. However, rotating biologica 
contactors 

have achevedhigh removas at fows 8 to 0 times dry-weather design fows 
[7Bioogica Treatment Performance-¬Typica pollutant removas for 

contact stabiization, tricking fiters 

and are presented in Tabe 08, for wet-weather oading conditions. Theseprocesses 
incude primary and fina clarification. Fina carificationgreatly 

influences the overal performance of the system by preventing thecarryover 
of bioogica solids produced by the processes.TABLE 08. TYPICAL ET-WEATHER 
BOD AND SUSPENDEDSOLIDS REMOVALS FOR BIOLOGICAL TREATMENT 

PROCESSESExpected range ofpoutant remova %Boogca 
treatment proces BOD Suspended sodsContact 

stabzaton 
70-90 

75-95Trickng fters 65-85 

65-85Rotatn contctors 40-80 40-80a. Remova refects 

fow ranges from 30 to 0 times 

fow.Average poutant remova 
by 

the contact stabilization process at 
Wisconsin, 

is presented in Table 09. Plutant remova effectiveness 
wasshown 

to be directy dependent on the quaity of the sudge being produced bythe 
dry-weather treatment faciities. Dry-weather activated sudge is wastedto the 

stabilization tank to provide the biologica solids when the contactstabiization 
system begins operation. Ony after the demonstration systemhas operated 

for many hours wi the sudge in the stabiization tank actuaybe that produced 
by the demonstration system and be acclimated to the wastecharacteristics 
of wet-weather fows. The dry-weather treatment pant effi¬ciency was aso improved 

by utiiation of the demonstration project finacan ier during periods 
when the demonstration faciities were not in use.Dry-weather pant efficiencies 

increased from 82 to 94 for BOD, and from 64to 88% for suspended solids 
[72The pastic media and conventiona rock media tricking fiters at New 

Provi¬dence New Jersey, operate in series during dry weather, and are operated 
inparallel during wet weather [73 

when the system is operated in the para¬el mode overa average polutant remova 
s decreased and is affected bythe hydrauic fow to the pant, as shown in 

Figre 55. Overa poutantremova aso incudes both primary and fina carification. 
It was asodemonstrated that the pastic media fiter removed about 2.7 times 

the BOD as228 



compared to the rock media fter during wet-weather fows: approximatey0.86 
kg as compared to 0.32 kg (54 ft versus 20 ft at a 45% BOD remova efficiency. 

comparison of the BOD removal effi¬ciency as a function of hydraulic 
and organic oading rates for the rock mediaand the plastic medi tricking fters 

is shown in Figure 56.TABLE 09. AVERGE POLLUTANT REMOVAL 
PERFORMED 

FORTHE WISCONSIN, CONTACT STABILIZATION 
FACILITY [72] ReovaSuspended sods, mg/L 299 23 90.4Suspended 

voate sods, 48 
3 90.0Tota 

sods, mg/L 685 464 29.2 voate sods, 
n/I 252 130 4.6Tota BOO, mg/L 9 84.8Dssoved 

BOD. mg/L 3 7 72.COD 366 66 
8.9Tota organc carbon, 7 23 76.5Dssolved 

organc carbon, mg/L 29 5 
39.7 

ntrogen as 13.70 
3.7Total 

phosphate 

as 4.64 .8 58.6Tota MPN/mL 038 3 

726Feca coforms, MPN/mL 2 238 443Note: A 

values ndcated are arthmetc mean of 30 runs 

atacceptabe operatng levels except for 

whchare means.a. Infuent sames 
taken 

from grit tank effuent. 
Effuent 

sampes taken pror to The demonstration scae R8C at Miwaukee, 
Wisconsn, confirmed pantresuts, handing a hgher 

range of organic and 

hydrauic oads for periods of8 to 0 hours [7 A 
comparison of organic remova efficiency for both 

thepiot pant studies (using raw sewage) and the ful-scae wet-weather 
demon¬stration faciities is shown in Figure 57. It was aso shown that as hydrau¬ic 

residence times fe beow about 8 to 10 minutes, the organic removalefficiency 
of the demonstration faciity dropped significantly. This treat¬ment system 

was instaed as an inine device without fnal carification.Final coud greaty 
ncrease BOD and suspended soids remova byremoving the soughed bioogical 

mass caused by the hgh hydrauic oadings.Lagoon Treatment Performance-¬Poutant 
remova efficiencies by treatment lagoons have varied from highs of85 

to 95 to negative values due to excessive agae production and carryover.In 
addition to the type of agoon and the number of ces in series (stages),severa 

major factors that infuence 

remova efficiencies incude: (1) deten¬tion time, (2) source of oxygen suppy, 
(3) mixing, (4) organic and hydrauicoadng rates, and (5) agae removal mechansms 

[2, 52, 74, 75A singe ce storage/oxidation agoon in Springfeld, Iinois, 
averaged 27%BOD remova and 20 sspended soids remova; however, fish kis in the229 



receivng water were greaty reduced as compared to that pror to the 
con¬structon 

of the faciity [75 Mutpe ce facties with agae controsystems constructed 
at Mount Michgan and e, Iinoisprovide 75 to 90% suspended solids and 

BOD remova efficiencies during wet-weather conditions [52 74Figure 
55.,345PLAT 
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Desgn CriteriaThe 

prncpa desgn crteria used to evauate and desgn boogca systemsgenerally ncude 
hdrauic and organic oadng rates, sudge and hydraulicdetenton times, and n 

the case of contact stabzaton, such factors as ratio, mass of organisms in the 
system, and rate of substrate utiizaton.At isconsin, severa process 

crtera 

were correated with effuentBOD and sspended soids concentratons and remova 
effciencies. The resutsof this correaton are presented in Tabe 10 [72 These 

tests asoindicated that ow concentration of less than 200 and high 
times of greater than hours and long stabization periods mayserousy 

affect process efficency. A contact tme of at east 0 minuteswas aso found 
for satisfactory operation and performance of the faciities.TABLE 10. RESULTS OF CORRELATIO OF COTACT STABILIZATION PROCSSPERFORMANCE AND PROCESS 

PARAMETERS 
AT KENOSHA. WISCOSIN [72] correatonProcess quaton 

cofcntEffuent 
BOO concentraton, 6 A) 92 (B) 9.I 0 670Effuent 

concentraton, 2 3 
(C) 83 (A) 13.9 0-51BOD 

reova, 
0.08 - 0 (B) - ,3 (A) 80 6 0 715SS remova, ' 0.02 E) - 0 

97 (C) 0 7 (A) 87 0.69Note A = F/M ratoB Stabzaton tme, C 
tme, D Infuent BOD concentraton, mg/LE Infuent SS 

concentraton, 
mg/LTypca desgn criteria for bioogica treatment 

systems 
have been 

prevousypresented and discussed 
the iterature [2] 

and are summarized in Tabes through 
4. Desgn criteria for treatment 

agoons 

are not based onbioogical kinetic theory, but rather on actua practice 
and eperience. Annventory and operational data from municipa agoon facilites 

have beencoected for various types of agoons for each region in the 
United States[76 Factors affectng agoon performance, incuding organc and 

hydrauicoading odor and aesthetic faiures, wind, ight, and mixng, are evauated.233 



TABLE 1. OPERATIONAL AND DESIGN PARAMETERS FOR THE 
CONTACTSTABILIZATION FACILITY AT ISCONSIN 

[72]ParameterAverageRange 

of tested500 concentraton, ng/I 3 

400 

rato n contact tank,b 2 8Sudge 

retenton tme, 2.3BOO oading 
rate,1b 000 

Detenton tme, Contact tank 
0.25eeraton 

tme 3.0Recyce 
rato, 0.40Voume 

of ar supped 
ncontact tank. ft/b 

250 000-5 
6000.5-5.00-7.0200- 

0000.7-0.33.0-0.00.20-0.6000-700a. 
Based on 30 pted runs. Ranges 

based on 49 

runs.1b 

B005/b 

kg 

b BOD/I 
000 3d 

x 06 g 

62.4 

TABLE 2. DESIGN CRITERIA 
FOR 

TRICKLING FILTERS OPERATED 
INPARALLEL FOR CONTROL OF WET-EATHER 
FLOWS [2, 73]ParameterHgh rate Utra-hgh 

rateFter mediaydrauc odng 

rate, 
desgnOrgnc oadn rate, b 000 ftRecoended desgnRangeDepth, 

ft rato, a. Or redwood satsb Utra-hgh rate 

trckng 
fter depthJersey 4.4 



TABLE 3. COMPARISON OF DRY-WEATHER AND WET-WEATHER 
DESIGNPARAMETERS 

FOR ROTATING BIOLOGICAL 
CONTACTORSwukee, 

sconsn [7]Range of 
genera ——————————————— ther 

Paraeter vaue [2] desgn rangeHydrauc oadn 
rate 2-8Oranc loadng rate,b BOD/ 

00 ft2.dDetenton te, 
1n5-55-20 

85.46925-35300-0a. aed on 
dsc surface area 

Based 
on correaton f 

COD;BOD 
ratos. .698 

L/2hb 

4.882 0 kg TABLE 4 COMPARISO 

OF DESIGN CRITERIA FORTREATMENT LAGOONS 
[2]Organc oadng rate,b No. 

of agoonsDepth, ftDetenton tme, 

Oxidationagoons20-502-62-530-60Aerated 
agoonsAerated 



TABLE 5. SUMMARY OF CAPITAL AND OPERATION AND MAINTENANCECOSTS 
FOR BIOLOGICAL TREATMENT 



Bioogical Treatment 
SystemsBoth 

singe purpose and dua use (integrated bioogica treatment) faciitiesave 
been 

demonstrated in controng combned sewer overflow. Snepurpose faciities 
treat fows ony durng wet-weather condtions as in thecase of the contact 

stabiizaton instaation and several agooninstaations [52, 72, 75 
However, the of the contactstabiization faciities is aso used for 

dry wether fna carficaton[72 Dua use or integrated facities are capabe 
of 

treating both dry- andwet-weather fows.Dua use has been accompished by 
changng 

modes of 
operaton 

during wetweather as demonstrated at New Provdence, New Jersey. 
Increased performanceduring dry-weather was aso obtained by using the trcking 

fters 
n series[73 Bioogica systems have aso been used to treat dry- and 

wet-weatherfows 
without prcess modification by pushng the system to desgn imits 

ashydrauic and poutant oads increase. Exampes incude the inine untat Miwakee, 
sconsn, and the lagoon treatent system at Ilnois [7, 74 At Ft. Indiana, 

an existng termnalagoon used by both the dry-weather treatment 
facilities 

and the wet-weather screening instaation pror to discharge to the 
receiving water[50Because of the limited abiity of bioogca systems to hande 

fluctuating andhigh hydraulic shock oads, storage/detention faciities 

preceding 

thebioogica processes may be required. Storage/detention wi be used at the 
agoon treatment faciities under construction at Mount Michigan [52 The 
storage unit wil reduce the maximum fows entering thesystem from .39 3/s 

(260 to design of approximatey 0.8/s (4,0 through the lagoon system. 
A smiar concept is aso usedat the treatment site in Iinois [74Initia 

capita 
investments of integrated or dua use faciities can bereduced by apportioning 

part of the costs to the dry-weather facity. Thecost reducton is in 
proportion to the net benefit that the wet-weatherfacty provides 

to 
the overal treatment efficency during dry-weatherperiods. A description 

of this evaluation is presented in Secton 4,LAD TREATMENT OF STORMATERLand 
treatment methods hae been used successfuly to treat municipa and 

somekinds of industria wastes for several years. The use of and treatment 
intreating or is usually limited by hydrauic applicationrates and 

the resuting land area 

requirements. 
Since stormwater volumes canbe many times arger than dry-weather 

municipa wastewater fows, appicationrates are proportionaly more critical in 
determining the economic feasibiityof their application to stormwater treatment. 

Uness adequate fowequaization coud be provided, sow rate land treatment 
processes with lowappication rates woud requre excessive and area.237 



Process Descripton and Faciities InstaatonsBased 

on the imitatons of applcation rates and and area onl, thefoowing and 
appication processes appear to have promise for treatng • etands• Rapid 
infitration• 

Overand 

fowThese 

ethods shoud 
have 

appication 
for 

stormwater treatment despite theabsence of concusive design, operating, 
and performance data from operationaprojects.Wetands-¬Wetands are areas wth too 

many 

pants 
and 

too 

tte water to be caedakes, yet they hav enough water to prevent most 
agrcutura or uses. Existing wetands areas are generay arge enough 

toaccommodate expected stormwater runoff voumes and their abiity to 
infuencestormwater quaity appears to hod promise,The Minnesota [77 project is one 

of 
the few projects currentyinvestigating 

the 

potential of wetands treatment, but any concusionsregarding expected 
quaty wi require more data. However, resuts fromwetands projects researching 

the potentia for renovating municipa indicate effective treatment 
does take pace [78 The managementtechnique for nutrient remova, oadng 

rates, and the suitabe sitecharacteristics need further study. inter appication 
in northern atitudesmay not be feasibe.Rapd Infitration-¬In rapid 

infitration, most of the appied wastewater percoates through thesoi, 
eventuay 

reachng the 

Rapidy 
permeabe sos 

such 
assands and oamy sand are suited to this process. The high appication 

ratesprecude consumptive use by pants (vegetative covers are not normaly 
used)and there is itte evaporation. Return of renovated water to the surface 

bywes, or groundwater interception may be necessary or may be anadvantage 
depending 

on existng groundwater quaity reuse potential or waterrights 
considerations. 

Rapid infitration is ony affected by the most severecimatic conditions 
and wn requre a reativey sma amount of and f soiconditions are correct. 

Surface cogging due to high suspended soids loadingcan reduce infitration rates 
and may require Overand Fow-¬In overand fow treatment, water fows across a 

vegetative surface to runoffcoection ditches for reuse or discharge to surface 
water. Treatment is by238 



physica, chemica, and bioogica means as thin fim of water fows overthe 
reativey mpermeable surface; very itte percoaton takes pace.Land Appication 

ony actua stonnwater 
and 

treatent projects discovered theiterature are piot scale wetands 
treatment system in Minnesota [77 and an experimenta scae project 

in Tucson, Arizona [79which conined the rapid infitration and overand fow 
methods. Features ofthese projects are shown in Tabe 6.TABLE 6. DESCRIPTION 

OF TREATMENTPROJECTS USING LAND 

TREATMENTItemType of treatmentHydrauc oadng,Land 
area acresPerod of 



and municipa dry-weather fow projects is presented for poutant removaefficiencies, 
design criteria, and costs.Process 

Evauation-¬Resuts 

comparing treatment of domestic by natural and artificamarshes indicated 
that significant poutant removas take pace in eachcase [80 It was determined 

that artificia marshes acted simiar tonatura marshes, but treatment 
efficiency was better for managed artifciasystems. Removas were reated 

to 
detention time and the ength of marshthrough which the wastewater passed 

Treatment efficiency was adverseyaffected by cimatic conditions; poor 
poutant removas associated with thefirst heavy frost of the fa were observed. 

The best seasona removasaveraged approximatey 29% for BOD and 13 for 
phosphorus for natura marshes.The managed artificia marsh averaged approximatey 

90% for BOD and 64% forphosphorus. Marsh systems can hande the hgh sods 

loadng assocated wthstonnwater and management techniques to increase poutant 
removasare avaiabe.Studies usng marsh systems for treatment aso ndicate 

signfcantpoutant 

removas as summarized in Tabe 7.TABLE 17. TYPICAL POLLUTANT LOADING ANDREMOVAL 
RESULTS USING LAND TREATMENT Mnnesota 

[77]Poutantoadng. 
Remova, [79Suspended ods 

4,973Phosphorus 7.8 64.89 Resuts 

ndcted 

sgnficantpoutant 

remova but 
loadng78 and percent removas wre notdetermned.0a 

Ammona concentratons n 

are hgher than 

the nfuent. .2 

Limited 
studies using stonnwater 

runoff and rapid infiltration 
indicate goodtreatment performance, 

however, 

actua percent removas were notdetermined 79 Severa conclusions can be made from 

results using sanitary• 

Poutant 

removas by the fitering and straining action of the soiare exceent.• 
Suspended soids, BOD, and feca are almost competelyremoved.• 

Nitrogen 
removals are generay poor uness specfic operatingprocedures are estabished 

to maxmize 

240 



Ttal nitrogen reovals range from 30%, without procedures, to50% f steps to 
maximie dentrification are taken. Phosphorus removals canrange from 70 to 90% 

depending on the physica and chemica characterstics ofthe soOverland ow 
systems 

can 

acheve treatment to secondary evel (or better)from raw, prmary and treated, 

or lagoon treated municipa Ntrogen and BOD reovals are coparabe to 
conventional advanced treatent. Nitrogen removas usualy range from 75 to 90% 

with 
nitrogen being mosty n the nitrate form. Nitrogen remova can be 

affectedby cod weather as resut of decreased pant uptake and reduced 
biologicaactvty. 

Phosphorus removas by adsorption ana preciptation are limtedbecause 
of incompete contact between the wastewater and the adsorption steswithn 

the so; removas usuay range from 30 to 60% on a concentrationbasis.Desgn 
Critera-¬Appyng aternative and treatment methods to stormwater treatment w 

beaffected 

to different 

degrees by cmatc restrctons consttuent andhydrauic oading to the system 
(.e., treatment), stecharacterstics, and vegetative cover. Typica design 

features for thevarious processes, based on treatment of municipa 
wastewater, are compared inTabe The major site characteristics are compared 

for each andtreatment process n Tabe 19.The nitrogen, phosphorus, suspended 
soids, and BOD loading capacity wi varyfor ech land treatment process 

dependng on such factors as 

preappicationtreatment expected treatment performance, hydrauic imitaton of the 
soiand underying geoogy, nitrogen removal capacity of the compex, and 

discharge standards.For rapid nfitration systems, the infitraton capacity of 
the soi could beimted by excessive suspended soids oadings. If rapd nfitration 

sused, it is recommended 

suspended soids concentrations beconsstent with that of primary treated municipal 
effuent before appicationto the and. Nitrogen oading is often the 

imting criterion for percoatingwater from rapid inftration systems to meet 
drnking water standards of0 for nitrate-nitrogen. Crop uptake of ntrogen, 

denitrfication, andstorage in the soil wil a11 affect the maximum alowabe loading. 
Otheroading parmeters may incude phosphorus and heavy metas.For overand fow 
systems, treatment performance is directy reated topolutant oadings and 

hydraulic appication rates. The genera polutantoading capacity depends 
prmariy on the expected treatment performance andthe leve of 

ication treatment. Suspended soids reductions to a eveconsstent with 
municipa wastewater that has been screened and possiby and woud be desirable 

to ensure successfu operation ofthe system. Methods for distrbution of 
stormwater runoff with high suspendedsoids loads wi require carefu consideration. 

Because appication ratespartialy govern the expected effuent quaity, 
maimum aowabe appication241 



rates during precipitation may be reativey ow. As a resut, significantstorag 
may be required affectng the economic feasibiity of this process.TABLE 

8. 
COMPARISON OF DESIGN FEATURES FORLAND 

TREATMENT 
PROCESSES 



Costs of Lan Treatment 
Systems-¬There 

is an absence of fu scae operationa projects where capita andoperatng 
costs have been comped. However, cost curves for rapidinfitration 

and overand fow systems which treat municipa havebeen comped presentng 
component capita and operating costs [81The use of exsting wetands 

aready 
infuenced by woud appear tobe very economica but exstng sites are not 

aways 
avaiabe. Creation ofartficia wetands another approach whch has received 

some attention as aow cost and treatment method.DISINFECTIONDisinfection of 

storm and combned sewer 
overfows 

is generay 

practiced ata stormwater treatment faciities to contro pathogens and 
othermicroorganisms in receiving waters. At most stormwater 

nstaations,disinfecton 
has been accompished by appyng conventiona wastewatertechnology 

suppemented by high rate processes and on-site generation 
ofdsnfectant. 

Severa aspects of disinfecton practices require for stormwater 
treatment appications. These nclude:• A residua dsinfectng 

capabiity may not be feasbe forstormwater discharges. Recent work indicates 

that chorineresduas and compounds discharged to natura 
waters may be harmfuto aquatic ife.• The form count is 

increased 
by surface n quantitiesunreated to pathogenic organism 

concentration. 
Tota 

eves 

may not be the most usefu indication of disnfectonrequirements 
and efficiencies.• Discharge points requiring disinfection are 
often at outying pointson the sewer system and require 

unmanned, autoated instaations.• 

Storm 
fow is hghy variabe both in quantity and quaity;disinfection faciities 

must be abe to meet these fuctuations.Three basic needs for 

contro of microorganisms n stormwater overfows havebeen 
identified 

[82 () to obtan knowedge of the storm fowsmicroorganism 

pathogenc 
quaity and the pathogens reationships to otherindicator organisms; 

(2) to deveop high-rate dsinfection systems to reducearge tankage 
and/or dosage requirements, and (3) to deveop disinfectonfaciity desgn and 

operation techniques for the highy varying quaity andquantity characteristics 
of storm fows.Disinfection ProjectsDemonstration projects evauating 

stormwater disinfection technoogy aresummarized in Tabe 20. Other proects, 
evauating the characterstics andimpacts of 

microorganisms in 

stormwater, have been benefica in providing abackground understanding of 
the sources and constituents of contamination overfows [82-85243 



TABLE 20 SUMMARY OF DEMONSTRATION 
DISINFECTION PROJECTSProject 

ocatonDsnfectantagentSourceDescrpton 
of disnfecton systePerod ofoperatonBoston,Massachusetts 

[7]Cottage 
FarmDetenton 

andStatonCeveandOho 

[06]Massachusetts 
[87]Ne 

Oreans,Lousana 

[88]New 

York 
Cty,New York 

[25]Spring 

CreekPhadephia,Pennsyvania[55, 

56. 
57]Sodum 

(NaOCSodum 
Sodium 

(NaOC)Sodium 
(aOC)Sodum 

Sodum Ozone 

(03)Purchased 
Automatic 

disnfection 
system 

njectsstored 

up to 3 000 ga of 
0 to 5 

into the nfuent 
chnne to 

thedetenton 
basins 

for the 

desgn 
stormPurchased 

Dsinfection 
of two 

bathing beachesstored encosed by fabrc barrers 
and dis¬infection of pouted streams andoverfow ponts Infuent to Lake 

Ere.Purchased Hgh-rate appcation of 
disinfectantstored 

va thn fim in Systemincorporates 
chemcay assistedhgh-rate settlng.Central 

is generated at a centra facity 
with a capacityof 00 The 2% NaOC 

stransported and stored at 4 pumpngstations on 3 
overfow channes todisnfect pumped Purchased 

Automatic dsnfection systm 
injectsstored up to 60 

000 of 5% NaOC Intothe inet sewer of the 
storagedetenton facities.PurchasedOn-stegeneraton 

of to disinfectants onscreened 
and unscreened combinedsewer overfow. Short contacttmes are acheved 

by hgh veocitygradients n a 

pug fow contactchamber regm.971 to present968 to 970974 to present972 to present972 to 
present969 to 973Rochester,New 

York [35]yracuseNew 
York 

[35. 

89]Chorne Chornedode 

(C02)Chorine gas(C2)Chornedoxide 

PurchasedOn-stegeneratonPurchasedOn-stegenerationSequential 

additon of C2 and C02 975 to 976wth 
fash mxng at each point ofappcaton. 

Dsnfecton 

s fnatreatment 

step folowng 

sedimentaton,storage, 

dua 

media 

ftraton, 

andcarbon 

coumn 

pot 
facties.Evauaton 

of 

ndvdua 
and sequentia 974 

to presentaddtion 
of 

and 

folowingtreatment 

of 

combined 
sewer 

overfowsby 

screenng 

and swr 

concentraton.ga 

3.785 
b/d 0.454 
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The Massachusetts, demonstraton faciity represents newtechnoogy in 

disinfectant appication [87, 90 The 373 (00 000 combined sewer 
treatment 

faciity incudes chemical addition (FeC3, and poymer) and high-rate 
setting prior to disinfection.Disinfection is accompshed by the 

use 

of thin fm technoogy. s sprayed on a thin fm of wastewater to provde aximum 
nstantaneouscontact and eiminate the need for further mixing. A sma 

sump 
is providedat the outet of the unit but no contact chamber s required. 

Anaysisindicates that both tota coiform and fecal are reduced to ess 
than36 organsms per 00 A second high-rate setting unt after dsnfection was found 

to add itte tothe 
overa 

suspended soids remova effciency. Typica poutant removasfor the faciity 
average 

65% for BOD and COD, 85 for suspended soids, 90%for tota phosphorus, and 
over 99% for tota and feca Future studies proposed at wi incude the use 

of ozone as adisnfecting agent.Dsinfection AgentsThe dsinfecton 

agents use in wastewater and treatment ncudechorine, cacu and hypochorite, 
chorne doxide, 

and ozone.Resuts 

from 
combined bench and pilot pant testng of high gradent magneticseparators 

indicate 99.9% reova of viruses and over 99% remova of tota andfeca 
conforms [28 However, physca methods and other chemica agentshave not experenced 

wide usage ether because of excessve costs ordiffcuties with appication 
technoogy.Evauation of Disinfection four potentia disinfecton agents have 

some characteristcs; aare oxidizing agents, corrosive to equpment, 
and are hghy toxic to bothmicroorganisms 

and 
higher ife. Other characteristcs 

and dfferences thatshoud be considered when choosng a stormwater disinfectant 
are nTabe 2. A discusson of these characteristcs foows.StabilityThe 

more 
stabe chemicas aow the designer greater flexibity indeveoping a treatent 

faciity. Chorne gas is aways purchased and itshigh degree of stablity alows 
long storage periods. Hypochorite can bepurchased or 

generated 

and can be stored for severa months, or t canbe generated at a steady 
rate and stored between overflow events. Peak demandrequrements can come 

from storage or be purchased as needed.At New York's Spring Creek faciity, 
purchased sodiu hypochorite is dutedand stored at strength of about 5% 

avaiabe 
chorine, which reduces therate of deterioration [25 It has, been shown 

that the stabiity of sodiumhypochorite is higher at reduced 

concentrations [2 Chorine dioxide andozone are the east fexibe; they must be 
generated onsite and their245 



effective ves are too short to make storage practica. Consequenty,disinfectant 
generating capacity must be sufficient to hande antcipated 

peakdemands.TABLE 

2. CHARACTERISTICS OF PRINCIPAL DISINFECTION 



HazardsChlorine, chorine dioxide, and ozone are a dangerous gases thatust 

be carefuy handed by copetent personne. The hazards of chorine gasare we known 
and have caused restrictions of ts use or transport in severacites incuding 

New York and Chicago. Gas concentratons as ow as 5 cancause difficuty in 
breathing and 000 ppm can be toxic. Chorne dioxde has smar to chorine gas ana the 

additiona danger of expoding withany sight change n envronment. It must be 
kept in the aqueus state tonmize dangers. The gas is soube n water but does 

not react chemicaywith water. Ozones oxidizng capacity makes concentratons 
of .0 in theatmosphere hazardous to heath. can be obtained as sod oriqud 
and does not have the potential dangers of the other three agents. Itis 

the safest choice for remote, unmanned disinfection operations.Evaluaton of 
Appication Technoogy-¬Several studies have been conducted to 

examine 

applcaton technques thatimprove or 

enhance the disinfecting capabiity. Adequate mixng under pugfow conditions 
and sequentia addition of chorne (C and chorne dioxide(C0 were two significant 

pareters which infuenced disinfectionefficency.MixingIn hgh-rate disnfecton 
systems where contact tmes are ess than 10mnutes usuay in the range 

of to 5 

minutes, adequate mixng is a critcaparameter, providing compete dsperson of the 
disinfectant and forcingdisinfectant contact wth the maimum number of The 

morephyscal coisions hgh-intensty mixng causes, the ower th contact 
tmerequirements. Mxing can be accompished by mechanica fash mixers at thepont 

of disnfectant addition and at intermittent ponts or by speciydesigned contact 
chambers, or both [2, 36, 55At Phadelpha [55, 57 a specialy designed 

contact chamber with coseyspaced corregated baffes was used to increase the 
velocity gradent in t~ is a function of the 

viscosity of the fluid, veocity, andheadss. In this appication it was considered 
desirabe to keep the pro¬duct of G and detention tme constant, 

at ess than peak design fowconditions. Assuming that t remains constant 
therefore veocity remainsconstant. G is increased by ncreasing the headss 
through the use ofcorregated channes [2 Spacng and arrangement of the 

channels is asoessentia to maintain pug fow conditions preventing any of 
thedspersed disinfectant. Using this design, a contact tme of 3 minutes 

withinitia chorne concentratons as ow as 2.6 reductions of tota andfeca 
by 99.9% were obtained.At an experiment at Fort George to show the 

effect 
of ixng ondsinfection, turbuence was in a sewage effuent ine by instang 

a20.3 cm (8 in.) orfce to increase fow veocties to the range of 2 to 2.3 
(6.6 to 7.6 Virus ks were increased to 

83. to 99.3% from 45.8to 73.5; however, was found that coform kis 
did not substantiayincrease [9Sequenta Addition of Dsinfectants-Disinfection 

was 
shown to be enhancedbeyond the expected additive effect by sequential addition 

of folowed by247 



C02 at intervas of 5 to 30 seconds [36, 82, 89 A minimum effectivecombination 
of 8 of C2 foowed by 2 of C02 was found as effectiveas adding 25 mgL 

or 2 mg/L C02 individuay in reducing total and feca feca streptococci, and 
vruses to acceptabe target eves [82,89It was surmised that the presence of free 

C2 
soution with ions(C0)> (the oxidized state of C102), may cause the 

reduction 
of back toits original state. This process woud proong the existence 

of 
C102 themore potent disinfectant [82. 89Other signifcant findings of the 

County, New York, studies 
incudethe 

foowing:• Sequentia doses of the same disinfectant do not increasedisinfection 
over a 

singe dose with the same tota • does not appear to affect 
C1 disinfection but sightyimproves disinfection with C.• C 

and demands may be due to different materias in• The maximum antivira 
activity of C10 was found to 

occur 
between 4.5 and 7.5. • Increases of temperature from 2°C 

to 30°C 
(36° 

to 86°F) sightyimproved high-rate bacteria disinfection with both C2 
and Vira 

with 

was sharpy decreased at 4°C (39°F butunaffected between 2°C and 

36°C (54°F and 97°F). of Microorganisms of indicator microorganisms 
in after disinfection havebeen reported [84, 86, 89 Indicator 

microorganisms, specificay tota enter a og growth 

phase when the disinfectant 

residua decreasesto vaues. Aftergrowth conform eves can exceed beforedisinfection 
background eves. Tota and feca coform werereported during stream 

and laboratory studies at Ceveand, Ohio [86 Onytota coform aftergrowth was 
reported during a storwater disinfection studyat The oodands, Texas [84 

In both cases, aftergrowth of fecastreptococci did not occur. Laboratory 
aftergrowth studes in Syracuse, NewYork, reveaed that difficuties in 

simuating the conditions for aftergrowthmay be encountered for bench scae tests 
[89 Aftergrowth tests, conductedto determine the utimate bacteria 

and vira counts that might resut in thereceiving water from the discharge 
of 

untreated and disinfected combned seweroverfow, showed no measurabe increases 
during and up to 3 days. Theseresuts were fet to be more indicative of 

the inabiity to simuate receivingwater conditions in the aboratory rather than 

a ack of aftergrowth.A possibe chemica change the composton of the stormwater 
caused bychorine may enhance aftergrowth. This chemica change assumed 

to be aceavage of arge protein moecues into smaer proteins, and 248 



acids. These smaler moecues are more readiy avaabe to the bacteria forgrowth 

and reproduction than the arger proteins [86The Cty of 

Ceveand conducted a research study to determne the cause of the that occurred 

during the hypochon nation of the streams [86Aso, possbe methods to reduce 
aftergrowth were investgated. The studyconsisted of: (Da stream study 

of 
bacteria aftergrowth resutng fro and (2) bench scae studies on possibe 

relationshipsbetween aftergrowth and due to changes.Concusons of 
the bacteria aftergrowth study are summarzed as foows:• Hypochon nation of 

streams resuts n signficant reduction ofndicator bacteria; however as 

soon as the chorine dsspates, a bacteria aftergrowth occurs.• Feca 
streptococcus exhibited a very limited abiity for aftergrowthin 

the aboratory. Feca coforms dispayed a 

moderate abity foraftergrowth. Tota coiforms were capabe of aftergrowth 
thatcosey approximated, or exceeded, ther respective initia eves.• 
Factors found to significanty affect bactera aftergrowth are:() 

the extent of diution of the chornated water; (2) timeavaiabe 
for 

aftergrowth between chornation and diution; and(3) eves of residua 
chorne.• Whie mantaining a 6 chorine residua throughout a 

aboratorystudy, no significant decrease in aftergrowth was noted 
byincreasng the chorination 

detention 
time from 5 minutes to 72hours.• Proteins as anayzed by the 

Method for proten were greaty ncreased in stream water sampes 
upon the addition ofsodiu It is assumed that chorine ceaves 

argerproten 

molecules into smaer proteins, and acidswhich yied more reactive 
sites to react wth the Lowry coordeveopment reagent. A the 

reactive 
nitrogenous organic copoundswere cacuated as protein. Since 

both aboratory and fed studesshow bacteria popuations were greater 
after chorination thanbefore, t is further hypothesized that 
the smaer nitrogenouscompounds were more easly utiized by the 

bacteria for growth andreproduction which coud be significant in the 
rate and magnitude ofbactera aftergrowth.• Other than of materia, 

there were no appreciabechornation induce chemica-physica 
changes in the water sampesstudied that coud be related to 

bacteriaaftergrowth.A mutipurpose investigation of surface water quaity and 
disinfection wasconducted 

in 800 ha (20 000 acre) test site at The woodands, Texas 
[84It was found that foowng dsnfection of with ether chorine.249 



ozone, or bromine wth dosing up to 32 occurred after 4 to 8days. Aftergrowth 
occurred ony in the tota group.Bioogica Indicator 

OrganismsTota 

conforms, feca coforms, 

and 
feca streptococci are the most commonbioogica indicator organisms used 

to measure water, and pathogenic quaity and disinfection effciency. 
Because extremeyhigh coform counts can come from natura background sources 

other thanhumans, the use of the group as an ndicator of the presence 
ofpathogens in stormwater has been questioned [84, 85 Anayss of soisampes 

taken from areas adjacent to estabished stream samping stations andfro 
other areas of The oodands, Texas, yieded positive vaues for aindicator 

bacteria 
groups, incuding pathogens [84 In Batimore,nvestigations have aso 

reveaed tte or no correations between indicatorand pathogenic bacteria 
in storm and stream sampes; however, pathogens werereceived n a stormwater 

sampes [85In using coiform counts to measure or contro disinfection 
efficiency, and asa basis of design when the 

possibiity of aftergrowth of coiform organismsexists and/or potentiay high 
background eves exst, gross over or underdesign of disinfecton facilities may 
resut.Studies have been conducted to evauate aternative indicatorsincuding 

high chorne resistant organisms, pathogens 

themseves, 
feca to feca ratios, and [83, 84,89, 92The conform group of 

indicator organisms have a reativey ow chorineresistance when compared 
to 

such pathogens as enteric viruses and protooancysts. Three indicators 
were 

investigated 
whch were resistant to n the range considered necessary for the 

ofpathogens and viruses. These incuded a yeast and two acid-fast bacius[83 
Siiar studies were conducted in Syracuse, New York, using f2 and 
0X74, Poio-, and other viruses that are more resistantto than the 

conform indicator bacteria [89Measurement of pathogens themseves is a 
method 

to identify quaitydrecty [85, 92 However, procedures to isoate 
and enumerate viruses such asSamonela, and areconsideraby more diffcut 

than for the conform group. Better methods andreiabe 

quaitative 
recovery procedures for the enumeration of pathogenicmicroorganisms 

shoud be deveoped to identify pathogen presence and impact instorm and combined 
sewer overfows [85Measurements of feca streptococcus in addition to tota 
and feca conformsmay provide an indcation of the source of the pouting 

bacteria groupsthrough the use of the feca forms/feca streptococci ratio 
andfeca conform/tota conform ratio [82, 84, 85 An ratio ofgreater than 0. is 

believed to be indicatve of sewage; however, a 

firm 
FC/FTrato has been diffcut to establish. An FC/FS rato of 4.0 or greater 

isbeleved to be indicative of human sources and a rato of .0 or ess 
isbeieved to be indicative of animal sources. The FC/FS ratios between 0.7 

and250 



an4.0 

are diffcut to interpret. It is suggested that ratos be appliedcarefully 
and that the ratios are most meaningfu hen data are coected atdischarge 

points to the receiving water. Upon entering receiving waters, theeves of each 

of the microorganisms may be affected by numerous environmentafactors and 
differentia die-away [85In sampes of storm FC/FS 

ratios 
of ess than .0 have been noticedand FC/FS ratios representatve of 

cobined 
sewer fows had only 8% ofsampes greater than 4.0, indicating anima 

sources of contamination [85A potentia alternatve to indicators is the 

use 
of a substance that is unversally found in a living ces,Significant 

decreases in ATP that parale bacteria reductions have beenobserved during the 
disinfection process. It may be feasibe to use ATP asinstantaneous 

measure and a control for disinfection processes [89Costs of Disinfection 
SystemsCosts of disinfection systems used to treat combined sewer 

overfows 
andStormwater discharges can vary 

greatly dependng on the compexty of thesystem. Stormwater disinfection 
must 

be fexibe and capabe of automaticoperation to hande intermittent and 
varying fows and volumes. Summares oftypica disinfection costs are presented 

in the iterature for chorine gas, and ozone systems [2. 27Costs used for 
disinfection aternative seection shoud be evauated usingocal conditions and 
requrements. These can ncude disinfection 

andreceiving water requirements standards equipment and dsinfectantavaiabiity 
and costs, and system control and operation requirements.Improvements 

and changes in on-site generation equipment may make theseaternatives 
more economicaly for storm fow appications. Ozonegeneration, 

athough more expensive than other methods of disinfection, maybecome an 
economically feasible aternative n lght of ncreasngy strctcontro of residuas 

and compounds formed by chlorine disinfection and theincreasing costs of 
chorine [82Cost curves comparing chorine gas, chorine dioxide, and generation 

dsinfection systems have been deveoped and are presented inFgure 59. These 
costs 2000) incude manufactured 

equipment, piping,housng, eectrica and instrumentaton, and miscelaneous 
items. Noaowance for contingency or and was incuded. Operaton and 

mantenancecost curves have aso been developed and incude annua abor 
requirements;msceaneous suppy costs for chorine gas, chorne dioxide, 

andhypochorite disinfection systems; and power requirements for hypochoritegeneration 
[27ILLUSTRATIVE PROBLESComparson of severa treatment technoogies 

together with exampesof process design and cost evauations are 
presented in Exampe Probems 7-through 7-5. The problems include a cost-effectiveness 

comparson 

of total25 



storage and storage/sedimentaton; design of swir concentrator, incudinggeometry 
modifications; deveopment of an equaton for estmating operationand 

maintenance costs for storage faciities; and a method for optimizingintegrated 
storage/treatment faciities. An evauation of and requirementsand design 

considerations for and treatment of is aso presented, 1 0010YPOCHALRN 



EXAMPLE ROBLEM 7- ASSESSMENT OF STORAGE AD STORAGEI ON COSTS AND COST EFFECTIVENESSGven a frequency 

curve of storm ranfa, determine the costs annua pouton reducton ad costeffectiveness for storage 
and a facit. The storage facty to be designto capture 95 of the tota annua voue. The storage/sedmentation 

facty Is to desgnedto capure 50 of the tota annua voume and treat those fos exceedng storage 
capacty bysedmentaton. Condtons. ranage area 000 acres.2. Average runoff coefficent 3. Tota annua 

ranfa 44 
n.4.Average 
suspended 

sods 
(SS concentraton in runoff 

40 5. Construction costs 000) for 

earthen-ned reservors $0.25/ga 

of voue, for concretesedentaton tanks, $.00/ga of voume.Assupons. 
he 

storae voumes are ased on a frequency pot of tota storm rainfal, as in Figure 7. 2510 IS 20 25TOTL Fgure 7-. Percent chance of obtanng 

ess than 

totastorm ranfa amount.2. It is assume that runoff foos the same reationshp of frequency as the ranfal 



Determne storage voue requred.Storage 

voume 080 " x 1000 acres) (43 560 2.90 0 ftor 2.7 
Mga Compute 

the constructon 
cost of the 

storage facity.Cost 2.7 x 0 ga x 0.25/ga° 5 425 000 
Adjust 

ENR 2000 costs to current costs. 2500 
costs 

$5 425 x .25 $6 70 00. Determne the 
voume and th constructon costs for 

5 storage of 

the annua runoff voume tor thestorage/sementaton factes; Storage voume (E x 0.50 x 000) 43560 435 600 ftor 3.26 Mgab. Cost of storage 

facty 3.26 x 0 ga1 x ° $3 260 000 ENR 2500 cost 

$3 260 000 x 

.25 4 075 
0003. Determine the tota removed by the storage system 

capturng of 

the annua voume.a. Compute annua 
runoff voume 

for 
a tota annua ranfa of 44 n. - 44 x 0.50 x 1000 (43 560)Annua runoff voume ———————————— 79.8 

x or 597 Mga/yr Compute annua SS oad at 400 400 Annua oad 597 
Mga/yr 

8.34 x 400 ppm 2 x 0° b/yrc. 
Copute the SS load contaned in storageSS 

captured x Ib/yr 
x 0.95 ° .9 

x 06 b/yrd. Compute the SS removed by conventona 

treatment at a rate of 85.SS reova .9 x 0.85 .62 b/yr4. 

etermine the tota SS removed by 
storage/sedmentation 

capturng 50 of 
the annua 

runoffvoume and 
treating 

the reander by sedimentaton.a. Compute the annua SS oad contained 

n storage and treated at a 
conventona 

dry-weatherfacty 
achevng 85 remova.SS reova ° 2 x 0 b/yr x 0.50 x 0.85° 850 000 b/yrb. Determne the 

average for fows that exceed storage capacty usng an 

averagemaxmum houry ranfa of .20 0.20 x 0.50) (000 acres) (43 560 (7.48 ga/ft (24 Ruoff 
rate ——————————————————————2 

in./h————————————————— 65.2 254 



Determne surface area of the storage/sedmentaton basin at a ft depth Area 435 600 ft"0 ft 

43 560 ft Compute 
average hydrauc 

oadng rate. 

- 65.2 Hydrauic oadn rate —43 50 —— 

500 gaftd Determne the 
average removed by at a hydrauc oadng 

rate of 500ga/ftd. 

Using Fgure 38, SS remova 30%.SS removed by sedimentaton 2 x 10 x 0.50 x 0.30 300 
000 b/yr The tota SS reoved by the 

storage/sedmentaton 

factes s 850 000 3 .5 06 b/yr.5 Estmate the 
annua costs 

ncudng 
varous land costs for storage and storage/sedmentation.Aso determne the cost 

efectveness 
for each 

type 
of storage.a. Determne the gross and area requrements for storage, usng a ft swd and the 

typcasecton of an earthen embankment as shon in Fgure 7-2.Figure 

7-2. 
earthen embankment detaEffectve aer surface area ) 290 000 ftor 538.5 ft 538.5 

ftGross area (538.5 [2 x 4] 385 000 ftor 8.84 acresThe 



Compute the amortzed constructon costs for storage usng a 20 fe at 7% nterest.Amortzed 

constructon cost tota cost capta recovery factor (20.7)° $6 868 400 x 0.09439 648 000 The amortzed 

constructon 
costs for both storage and storage/sedmentaton usng and costsof $0 $25 and S50 are sumarized as foows:Amortzed constructon costs. $/yrLand costs, $/cre0 000 

25 

000 50 000Storage 648 000 66 000 

682 000Storage/sedmentaton 
386 000 387 

000 389 000 Determne the cost 

effectveness usng amortzed constructon costs 

together wth the totapounds of removed per year for the to types of at each and cost. The 
costeffectveness for storage at $10 000/acre ——1648 .62 x 06 $0.40/bCost effectveness 

vaues for a determnations are summaried as foows: SS 
removed, $/lbLand 

costs, $/ace 

000 25 00 50 000Storage 0.40 0.4 0.42Storage/sedmentaton 0.34 0.34 

0.34CommentAthough 

actua 
constructon 

and land costs 
wi vary from the 

values ths exampe. 
It 

can beseen that and costs affect 

storage 

costs and cost effectveness to a greater degree than storagesedmentaton. A hgher percentage of 
arge tota rainfa woud requre even arger storagefaciites, however, f the majority of rainfal voumes 

were sal, tota storage mayapproach the most economca and cost-effectve souton.EXAMPLE PROBLEM 
7-2: DESIGN OF A SWIRL CONCENTRATOR/REGULATORUsing the desgn curves deveoped from mode studes [29 determne the desgn detais for a 

swirconcentrator/fow 

reguator removng 90 sett1eab1e soids, and Indcate the 
range 

of removas overthe range of nfuent fows. Aso. deveop revsed desgn dmensions using a weir heght 

equato the net dmensions Specfed Condtons1. The design fow 40 2. The infuent sewer sze 3 ftAssumptons. 
The peak fow 90 ft3/s256 



Soution. 

Determne the standard desn detais 0.25) for the swr concentrator/reguator.a From Fgure 7-3 

(Fgure 7 n reference [29 determne the chamber dameter or adesgn fow of 40 wth a chamber 
net dmenson of ft 10 IS 20 2 30 340*5DISCHRGE,Fgure 7-3. Swr 



Adjust 

the 

sir chamber dameter to acheve 90 remova.is nterpoated 
from the curves at 9%.Adusted 25 ftFrom 

Fgure 7-4, the 
D2 

dmensonCompute heght of the swr 

chamber from reatonshp 0.25. 0.25 25 ftH 6.25 ftDetermne the 
standard 

desgn detals 
as shown 

Fure 47, using the D- D and vauesderved above:°32bR2R34R5 0.67 x D2 0.56 x D2=0.50 0.33 
x 02 8 0.39 



Enter Fgure 7-5 at 8.33 and move vertcay to the standard design ine. A revsed vaue is by 
movng aong or parae to the geometry modfication curve to thespecfied ]/D vaue, In this case, 

.0, and then down to the revied vaue ofapproxmately 0.0. Compute the revsed chamber diameter 
10.0 \ 30 ft 

The 
other desgn dmensons are then recacuated 

usng the new arid 

vaues.CommentIn detang a swr concentrator/reguator, the designer shoud choose a swr net 

dmensionapproxmatey 

the same sze as the nfuent sewer. However, where there s choce of inetszes, the argest 
net sze w resut the smaest, most economca structure. It is that swrl desgns aso incude an 
emerency overfow for fows that exceed peak desgncapacty. The swr desgn curves deveoped from 
the mode studes are mted by the fact thatnet dmensons of ony ft ncrements are provded for nets 2 

ft and arger, therefore, estmateof swr sze w have to be estmated or nterpoated for odd sizes of nets. The swr desgns aso mted by the mode study desgn mits for of to 2.EXAMPLE PROBLEM 7-3: ESTIATION 
OF OPERATION AND MAINTENANCE COSTS FOR STORAGE FACILITIESeveop a normazed operaton and mantenance cost reationshp such that average annua operationand mantenance 

costs 

may be estmated as a function of storage voume.Specifed Condtons. Storage voume, 
capta, 

and operaton and mantenance costs for storage facites aretaken from Tabe 73.2. Cost basis: 
2000.Assmptons. Annua operation and mantenance costs are adjusted by the 

tota storage capacty 

and thecapit costs to obtan an equa bass of comparison usng the data for severa szes andtypes of storage 
facties.2. 

The resutng curves 

and equatons 

represent an average normazaton for any type and sizeof storage facty and are assumed to 
ncude abor, msceaneous suppy costs, andenergy costs.So on. the operaton and mantenance cost factor (Cf) for the 

storage 
faciitespresented in Tabe 73.a. For Ohio, the Cf is evauated by dividng the annua operaton 

andmantenance cost by the storage capacty and the capta cost. S2 900 (. 455 700) 
S0.0058gaS 

capta 
cost259 



Operaton and mantenance cost factors for the storage factes are summarzedas foos:Annua 
operaton 

and Storage mantenance cost. 
$ voume. Capta cost, $ 



3. Compare the resuts of the operaton and mantenance cost equaton th estmates obtanedfrom the 
cost curves deveoped for factes [27 Capta costs for use inthe equation are taken from 
the storage reservor capta cost curve for concrete uncoveredstorage basns Figure 34, to ake 

an equa bass for comparng the operaton andmantenance cost curves [27 The comparison 
for storage factes of 2, 5, 0, and5 capacty s summared as folows:Operaton and 

Operaton andStorage Capta cost, $ mantenance 
cost, $/yr mantenance 

cost, voume. (Fgure 3) [Equaton 7-2) (cost curves [272 500 000 5 100 5 
8805 900 000 8 750 9500 300 000 200 1 3005 700 000 5 

700 3 600a. Incudes 
abor nterpoated for 40 

events per year at $0/.ComentThe operaton and 
mantenance 

costs determned by Equaton 7-2 provde means and 
fexbtyfor 

estmatng 
costs on a frst-cut bass for both arge and sma storage factes ofsmpe or compex desgn and 

operaton. Operaton and mantenance costs based on the compextyof the desgn or process are 
controled by the captal cost of the faclty as we as thevolume of storage. The operation and 

mantenance vaues generated by the equaton, usng thecapta cost vaues developed n reference [27 
compare favoraby wth those taken from thecurves. 7-4 STORAGE/TREATMENT OPTIIZATIOEvaluate 

the cost of tota treatment and tota storage and determne the optmum storagetreatment combnation 

for 

a gven desgn ranfa at a eve of treatment costng 
$30 

Specifed Conditons. Dranage area 000 acres.2. Average coeffcent 0.503. Capta cost 
for treatment 30 4. Capta cost for storage 5. Operaton and mantenance costs for storage taken 

from 
Equaton 7-2.6. 

Operaton 
and mantenance costs for 

treatment 0 05 0.027 (treatment 

cost). Deveopedfor reference [93Assumptons. 
Assume 

storage is to be In 24 hours.2. 
The desgn rainfa rate .2 n./h3. The peak ranfa s assumed to be .5 desgn 

ranfa.4. The duraton of ranfa equas runoff duraton.Souton. Dtermine the capacty and cost 
to treat the tota 

runoff. The 

treatmentrate wn be desgned for the peak fow, 
thout 

storage or fow attenuaton.a. Peak 
ranfa 

.5 x desgn rainfa .5 x 1.2 in. .8 etermne the peak 
treatment rate (.8 n./h x 0.50 x 000 acres) (43 560 

(7.48 

(24 (2 n.ft) (.0 x 0 586 26 



Compute the cost of treatment.Cost 
586 x $30 $7.58 on2. Determne 

the cost of 
storage 

assumng the stored voume s in 24 hoursthrough treatment costng $30 OOO/Mgad. 
Usng Equatons 4-a and 4-2a:a. Storage voume 0.075 - (Q 24)t2 Eq.4-a 
0.0275 x 0.50 .2 000 .0 - 24) x 1.0 6.29 - (Q 24) 

6.29 - (6.29 24) 5.6 Cost of storage/treatment 
0.0275 ] - \ 
4-2a 6.29 x .0 6.29 

0.03 - 6.29 
- 0.9 56.0 monc. Evauate the cost of storage and treatment ndvduay for ths 

stuaton.Storage 
cost 5.6 

x 
$.0/ga $5.6 

monTreatment 
cost 6.29 x 

$0.49 mon3. Determine the optmum storage/treatment combnaton usng annua capita 
costs and tota annuacosts (Incuding operaton and mantenance).a. Compute the storage voume requred to reduce the 

peak treatment rate to the averagedesign treatment rate, usng the near reationshp shown In Fgure 
7-7.2.01.51 .00.5PEAR TREATENT RATEWITHOUT 

STORAGE TREATMENTRATEMINIMUM TREATMENT RATEREQUIRED TO TOTAL IN 24 0.5DURATION, .0Fgure 
7-7. Reatonshp of treatment rate and storage voumefor treatment rates 

than 

0.6 

of 



Compute the treatment rate at .2 of ranfa.Treatment 

rate (2 n.ft) (.0 0 39 Determne the cost of storage and treatment at 
the desgn treatment rate.Storage 

cost 2.04 

$.0/ga $2.04 monTreatment cost 39 Mga/d x $0 $.73 mnonTota cost 2.04 

1.73 $3.77 mnon Compute the storage/treatment costs 
for other treatment rates.Note: At treatment rates of 

less than 0.6 of ranfal Equatons 4-1a 
and4-2a 

may be used. At treatment rates greater than 0.6 n./h of 
ranfal,the storage voume 1s computed from Fgure 7-7 by multpyng the area ofthe 

trange at the desred treatment rate by the approprate conversonfactors.Costs 
of severa storage/treatment combnatons are as foows:Rainfa Treatment 

Storage Treatment Storage Total cost,in./h rate, voume, Mga cost, mon 
cost 

mnion 
minon 0.05 6 29 5.6 0.490. 33 4.92 0.990.2 65 3.58 .950.4 

30 

0 87 3.900.5 63 9.50 4.890.6 95 8.5 5.850.7 228 6.84 
6.840.8 26 5.66 7.830.9 293 4.58 8.79.0 326 3.62 9.78. 358 2.77 0.74.2 39 

2.04 .73.3 424 .4 2.72.4 
456 9 3.68.5 

489 0 4.67.6 52 
0.23 15.63 7 554 

0.06 16.62.8 586 
0 17.585 6 6.04.92 

5.93.58 5.530.87 
4.779.50 4.398.5 
4.006.84 3.685.66 

13.494.58 3.373.62 3.402.77 3.52.04 3.77.4 4 30.9 
4.590.5 15.80.23 

5.860.06 6.680 17.58 
The tota capt 

costs are to amortzed 
capta costs assumng a 20 year 

ifeat 7% 
nterest. 

Compute the annua 
capita 

cost at a 
treatment 
rate of 6.29 

Mga/d.Annua 
cost 

$6.0 mnon 
x 0.09349 
$.520 f. 

Compute the 
annua 

operaton and 
maintenance 

costs for 
each 

storage/treatentcombnaton. The storage and treatment operation and mantenance costs at a 
treatmentrate of 6.29 Mga/d computed beow:Storage operation and mantenance 0,005 x 

5.6 x 5.6 (7-2)° $0.44 Treatment operaton and mantenance 

0.05 (0.027 x 0.49) $0.028 Determne the tota annua cost for each storage/treatment combnaton. The totaannua cost for a treatment rate of 6.9 Mga/d determned 
beow:Tota annua cost .520 0.144 0.028 

S.692 263 





optmum treatment rate moves toward the mnmum treatment rate of 16.3 The addton ofoperaton and 
mantenance costs aso shfted the optmum rate toward 6.3 as shown beow:Optmm treatment rate 

Mga/dUnt 
treatment Usng amortzed 

Usng totacost, capta costs annua cost35 000 
260 9540 000 220 6.345 000 6.3 6.3EXAMPLE 

PROBLEM 7-5: LAND TREATMENT 
OF Determne 

the 

and requrements for wetands, rapd nftration, 
and 

overand fow andtreatment systes Show the maxmum and mnmum and requrements based on annua and 
weeklyappcaton rates.. Dranage area WOO acres.2- coefficient 0.503. Averae annua rainfal 

44 n.4. Use the 
design 

crtera shown 1n 

Tabe 8.Assumptons. The desgn 

weeky ranfal equas the tota 

storm rainfa of .6 in. as shown in 

Figure 7-1.2. The effects of storage or fow 

attenuaton 
are 

not consdered in determnng the and requrementsusng the weeky ranfa rate.Soution. Determine the 

annua and the weekly voume from the 000 acre area. (44 (0.50) (000 acres) (43 560 a. Annual runoff 
———————2~1n ft—————————— 79.86 

0 

(.6 0 50) acres) (43 56 Meeky runoff ———————12 in7ft—————————— 2.90 x 0 

2. Determne the maxmum and minmum and requirements 
for wetands treatment, using desgn criterafrom Tabe 8.a.7 

f/vMaxmum 
land 

requrement 4 ft/yr 9.97 x 0 fttx or 458 acresb. inimum and requrement .39 x 06 ft or 32 acres Compute 
the 

annua appcaton 

rate at the mnimum and requrement condton.aximum annua appcation rate , —— (32 acres) 43 560 ft/acre) 
57 ft/yr265 



3. Determne the maxmum and mnmum and requrements and the maxmum annua appication rate for arapd 
inftration system. 79.86 

10, and requrement 
————— 3.99 0 ftor 9 acres (2.9 x 0 

12) 
Minmum and 

requrement 

—————————— 2.5 x 0 ft=6.7 acres 79.86 x 0 Maxmum annua application rate ° 6.7) 

(4 560 273 4. 
Determne 

the 
and mnium and 

requrements and the maxmum annua appcatonrate for an 
overand fow 

system.79 66 x 0a. axmum and requrement ————— 7.99 x 0 ftor 83 acresb. Mnmum land requrement ( 2.8 x 0 ftor 50 acres79 

x 0c. Maximum annua appcaton rate f43 37 

The ranges of 
appcation rates 

presented n Tabe 8 were deveoped for muncpa 

waste-water treatment 
systems 

and, therefore, shoud serve as frstcut gudes unti more 
detaedstudes 

using 
and 

treatment processes for controing are evauated [78 Theseranges refect wde variaton n 
soi types, permeablity, sope, cimate, and vegetatoncover. In ths exampe the range of annua 

appcaton rates was narrowed by consideringand area requrements based on a desgn weeky ranfa 
rate. The and requirements forwetands range from 3 to 46 of the watershed area. Ths and, 

however woud mostprobaby be exsting marsh or unusabe and areas receivng discharges drecty.or 
at best an existng marsh operated under a controlled mode of appication. Land require¬ments for rapd Infitraton range from to 9. and for overand fow from 5 to 81 of 

thewatershed area. These and treatment aternatves woud require usable or andand thus may be 
mted by and avaabity and costs.As with boogica treatent systems, overand fow systems were 

deveoped for continuous applcaton to maintan vable bologica mass supported by the grass 
structure.Because of the intermittent nature of ths type of syste s reduced to agrass fter 

for stonnwater fows because of th ength of tme required 

to deveop,stabze, and sustain a bioogca mass. Suppementa water may aso be requred to 
maintangrass growth durng ong dry periods. Dfficutes may with other and treatmentmethods due to 

the varabty and characteristcs of maybe required for rapd infitration systems to prevent coggng of the soil by high suspendedsoids oads.266 



SECTION 

8SYSTEM 
APPLICATIONSAs 

has been indicated in prevous sectons, there is no one snge method thats a 
panacea to a combined sewer overfow or storm drain discharge probems.The size 
and complexity of urban management programs are such thatthere is a need 

for an ntegrated approach to their souton. The type ofprobems associated 
with any given community is dependent upon a number ofvariabes; as a resut, 

the souton for a community must be deveoped to fitthe needs of that particuar 
urban area. The soution is. most often a comb¬naton of various best management 

practices and unit process appications.Important considerations with 

respect to deveopment and mpementation of anurban runoff management program 
are the reguatory constraints and pubicattitudes on pouton and envronmental 

obectves that must be met. Oftenthe constraints and attitudes are subject 
to change with time. This canresut in ateration of the ground rues for 
engineering assumptons so thatprograms acking fexibiity may be, or some 

cases, have been grossyoutdated before impementation can be effected. Thus, 
the poitical,economc, and environmenta constrants affecting an 

urban runoff managementprogram must be monitored continuousy so that the programs 
can be updated ormodfied as necessary.CASE STUDY DESCRIPTIONSThe presentation 

of each management 

system appcation is 

organizedinto sx parts: () problem identification, (2) counter-measure phiosophy,(3) 
design description, (4) cost data, (5) performance and maintenance, 

and(6) ongoing projects. A variety of system appications are described 
rangingfrom major urban metropoitan areas to sa suburban communities.Boston, 

MassachusettsCombined sewer overfows have contributed to the 
deteroraton 

of 
ndustria,commercia, 

and recreationa resources of oston Harbor and the riverstributary to it 
[ Primary treatment s provided to the intercepted fowsat two treatment 

pants. However, numerous ocations sti existin the Boston Harbor area where, 
durng rainstorms combined sewage overfowsinto the receivng waters 

untreated. 
These resut in bacteria poution,floating soids, sicks, and sudge deposts.A 

wet-weather fow master pan, based argey on preiminary Chicago deeptunne 
studies (discussed ater in this section), 

was presented to the City ofBoston in 1967 [2 Four aternatives were studied: 
() compete separation,267 



(2) chorination detention tanks, (3) surface hoding tanks, and (4) 
deeptunnes. 

The deep tunne aternative was presented because it appeared tooffer 
the best and on feasible method for the compete elimnation ofoverfows. 
However, foowing continued review and study of the probems, ademonstration 
surface detention and chorination faciity was paced intooperaton n May 

1971 at Cambridge, Massachusetts (the Cottage Farm CombinedSewer Detention and 
Chorination Staton) indicating a viable aternative tothe deep tunne pan.In 

975, the combined 
sewer 

overfow probem was reviewed again in conjunctionwith the needs for the 
Boston 

Harbor-Eastern Massachusetts Metropolitan Area[1 The major alternatves 
were (1) sewer separation, 2) overflowdiversions via Boston's proposed 

deep tunne pan, and (3) intermediateapproaches of a decentraized 
nature. The recommended course of action was toupgrade the two existing treatment 

pants to secondary treatment and to beginfaciities planning for projects 
identified in the decentrazed pan forcombined sewer overfow reguation. The 

decentraized pan would continuepresent remedial practices and aow piecemea 
mpementation with immediate for solving high priority probem areas. The 

present plancals for consolidation of the combined sewer outfas int severa 
groups,each of which woud be connected by conduits to transport overfows 

toreguation faciities for treatment and discharge.Treatment woud consist 
of several detention faciities located throughout 

thearea where the fow woud be stored or, dependng on the magnitude of thestorm 
event detained prior to discharging the overfow. The flow would 

bedisinfected 
by introducing chorine upstream from the tanks. The tanks wouldbe 

designed to provide 5 minutes detention for the peak design flow. Thetanks 
woud incude foating scum baffes and screens instaled between thescum baffe 

and the overfow weir to poish the overfow before discharge.The stored fow 

woud be returned to the interceptor to receive secondarytreatment at one 
of 

the two treatment plants.According to the Report:...the argest benefits 
in polution reduction in decentraized 

sytemswi 

probaby come from 
first 

fush capture and diversion to the dryweather fow treatment pant and 
through sedimentation, skimming anddisinfection as a resut of detaining 

overflows, whie other treatmentprocesses wi be empoyed where such 
prove to be necessary for furtherpoishing. []The total cost for the 

various aternatives ranges from 54 to $279 milion 2000) excuding projects 
currenty 

underway 
(separation in portions ofCambridge and and construction of the 

Chares 
River Station Project).Chicago, IllinoisIn 967, the Metropolitan Sanitary 

District of Greater Chicago initiated its facilities planning 
study with a 10 year ceanup and food 

controlprogram. 

A maor study 

to develop a comprehensve program for the 972 k268 



(375 mi combined sewer area was competed in 1972. The program, presentybeing 
mpemented, is the Tunne and Reservoir Pan The objectves ofthe program 

are:...to 
minimize 

the 

area's poutant discharges and the foodng caused byoverfows of mixed 
sewage and emnation of the need toreease pouted rver and cana food waters 

nto Lake Michigan. [3]This final TARP is a combinaton of severa 

aternatve 
pans designed tocolect rban durng a wet-weather condtons except 

those storms ofa magntude equa to the three most severe storms recorded to date 
by theNatona eather Servce.Four tunne systems comprise the TARP. Each 

tunne system conssts of 

threecomponents: 
reservors, conveyance tunnes, and sewage treatment pants. Atota 

of three reservors, 20 km (25 mes) of conveyance tunnels and fourtreatment 
plants are incuded in the plan. The combined storage capacity ofthe is 

approximatey 67 750 000 m3 (44 30 of which 1 350 000 m(3 000 ) is tunnel 
capacity. The tota storage capacity is equivalent to17.3 cm (6. n.) of runoff 

from the combine sewer area, wth .2 cm(0.46 in.) of runoff capacity in the 
tunnes aone. The tunnels, located 46to 88 (150 to 290 ft) beow ground 

evel, range in size from 5 to 0.7 (17 to 35 ft) in diameter. The tota planned 
treatment capacity wi11 beapproximatey 96.4 3/s (2200 Mga1/d) of which 

9.2 m3/s (2150 Mga/d) isexisting. The treatment rate woud be approximately 
3.8 (725 Mga1/d) or about 0.5 times average dry-weather flow. More 

than 
640existing overfow ponts wil be eliminated by the TARP systems. The 

sub¬systems common to a TARP tunne systems ncude drop shafts, 
coectingstructures, 

and pumping stations. Pumping stations wi11 be constructedunderground 
at the end of a1 conveyance tunnel routes and adjacent to astorage 

reservoirs. These stations wi be sized to allow fu tunne tobe 
emptied 

within to 3 days.In addition, aeration at more than ten ocations 
along 

the ChicagoRiver and Calumet Sag Channe are planned to aow the Iinois 

standards fordissolved oxygen 

concentrations to be met.The Phase I system (tunnes and pumping stations 
without reservoirs) s underconstruction currently. The TARP costs are estimated 

at $2 553 200 000 2000). The breakdown is 

as foows:Conveyance tunnes $ 869 800 000Instream aeration 14 000 000Treatment 
plant upgrading 986 9O 00Reservoirs and flood contro 682 500 UO$2 553 200 

000Additiona costs such as sewers, 

soids disposa, Treatment Plant, 
and food control wi raise 

the tota cost to $2 97 400 000. To 
date,approximatey $45 000 000 of tunne 

construction has 

been completed andanother $00 000 000 is under construction,269 



It is projected that the Phase I tunnel system, with overfows at the existingoutfals 
unti the reservoirs are copeted, wi reduce the number ofoverflows 

to the river system to about ten per year. This wi resut in a75% reduction 
in the voume of combined sewage overfowing to the river and a90% reduction 

n the combined sewer overfow BOD mass oad to the river.Detroit, 
MchiganDetroit 

is served 

by a combined sewer system and primary treatment plant.In May 966, an 
agreeent between the Detrot Metro ater Department and the ichigan Mater Resources 

Commission requiredthe City of Detroit to take 

immediate steps to decrease the frequency,magnitude and content of a 
combined sewer overflows fromthe Citys sewer system to the Detroit and 

Rouge Rivers. [4]Detroit considered the foowing aternatives to 

meet the agreement:D systems management utiizing sewer monitoring 
and remote contro ofpumping stations and seected reguator gates to affect 

in-system storage,(2) compete sewer separation, (3) retention basins to 
capture storm and (4) the above in various combinatins After review 

of thealternatives the systems management approach was seected for 
mpementationin a demonstration project [4The system developed incudes teemeter-connected 

rain gages, sewer 
evesensors, 

overfow detectors, a centra computer, a centra data ogger, and acentra 
operating consoe for monitoring and controlng pumping stations andseected 

reguating gates. This system has enabed to appy suchpolution contro techniques 
as storm fow anticipation, first flushnterception, seective retention, 

and seective overfowing.The in-system storage potentia at ocations 
where remote contro faciitieswere instaled was 526 500 3 

(39. Mga). In additon, there sapproximatey 58 200 (50 Mga) of uncontroed 
storage in the system.Upon receiving advance information on storms 

from remote ran gages, theoperator initates a sewer procedure to Increase 

the avaiabe insystem storage capacity. This procedure, aong with in-system 
fow routing,has enabed to contain and treat many intense spot storms 

entirey, inaddition to many scattered rains.Since the competion of the 
demonstration project in 197, has continuedto expand the monitorng project [4 The 

change in the system is indicatedin Tabe 

122. The supervisory contro system has been expanded with theaddition of four 
new control panes in addition to the origina three. Remotecontro faciities 
incuding three wastewater pumping stations, fourinterceptor reguators 

three two in-system storage gates, one flowrouting gate, and one suburban 
connection have been added. In addition, foursuburban retention basins 

and suburban pumping stations are now dispayed.The is utiizing sewer system 
monitoring data to (1) aid in the operationof the system, (2) predict and 

verify system response to storm events,270 



(3) estabish priorites for overfow abatement projects, and (4) deveopcomputer 
contro agorithms for the varous remote contro faciities [4]Addtiona 

in-system and offine storage s being investigated.TABLE 22. 

COMPONENTS 
OF THE MONITORINGAND REMOTE 

CONTROL 
SYSTEM ItemRan 



sedimentation generay increased tota remova efficiency by approxmatey 5%over 
reovas due to voumetric retention aone.For 

purposes 

of demonstrating the cost impact of the probem, an approximatecost estiate 
was deveoped for construction of 13 detention tanks to receivefows from a 

combined sewer overfow points on the Miwaukee River in thecity. These tanks 
woud serve an area of 2350 ha 5800 acre). A tanksoud be simiar to the 
Avenue faciity as far as design criteria areconcerned. The impementation of 

such 
a series of tanks woud be expected toreduce the discharge of poutants from 

combined sewer overfows by approx¬matey 80 on an annua basis. The total 
cost 

for the facilities woud beapproximatey $45 050 000. This incudes $28 
300 000 for the tanks, $8 50 000for pumping stations, and $8 600 000 for sewers. 

These costs do not incudeand, right-of-way, contingencies, or additiona 
treatment faciities,At the present time, the city is proceedng with the 

deveopment of a combinedsewer overfow abatement program incorporatin both 
detention facities andother treatment methods.Mount MchiganCombned sewer 

overfows 
from the Cty of Mount 

Cemens pouting the 

CintonRiver ed to a "stipuation" from the Michigan ater Resources Commission 
in967. With regard to combined sewer overfows, the stipuation caled for 

theconstruction of faciities by June 1972. A demonstration treatment faciitywas 
designed to provide treatment to the overfows by means of a series ofaerated 
akeets wth intermediate disinfection, and high-ratepressure filtration 

prior 
to discharge into the Clinton River [6 Thetesting and evauation of this 

faciity was competed in 1973. One of theconcusions reached regarding the 
demonstration project was:The Mount treatment concept evauation indicates 

that it is afeasble and reliabe conceptsampng data has 

demonstrated 
that thecapablity of the treatment concept to acceptably 

renovate combined seweroverfows for fishing and boating and for awn 
sprinking. 

A waterquality parameters, except the toxic and deeterious substances 
parameter(not studied), were met. [6]Annua suspended solids and 

BOD5 
remova efficiencies of about 95 werereported for the demonstration 

coection and treatment 
facility.As 

a resut of the demonstration project findings, the city has developed 
a project for the abatement of combined sewer overflows. It 

wasrecommended that for a 60 ha (1500 acre) portion of the cty a combinedsewage 
interceptor be instaed to collect the overflows and convey them to 

aretention basin, the contents of which would be withdrawn at a sow 
uniformrate for further treatment. For the remaining 240 ha (600 acre area 

sewerseparation by constructing new colecting sanitary and/or storm sewers 
wasrecommended. 

Construction of the citywide project began in 974.The colection 
and treatment project involves the interception of overfows(5 year storm) 
from combined sewers and conveying them to the main pumping272 



station at the retention basn site. The fow w then pass through chambers 
before dscharge to an aerated retentionbasin. Any excess w overfow into 

a basin before discharge tothe Cinton River. wi be wthdrawn from the retention 
basin at aconstant 0.8 m3/s (4 rate and conveyed to the existing 

demonstrationproject site for treatment. (Dry-weather fow 1s now treated esewhere 
aspart 

of the County-Detrot Metro Mater Department Regiona System.)Treatment 
wil ncude clarfication and disinfection; future chemicaadditions for 

phosphate remova occur at this ocation. The water wilthen be discharged 
to three akeets in series. The nitia akeet wi bean aerated "fow-through" 

treatment unit. Effuent fro the fnal akeetwi be fitered through high-rate 
pressure sand fiters before discharge tothe Cinton River. The city has 

designated 
the treatment-park site fordeveopment as recreatona facity. The fina 

akeet is expected to beacceptable for recreationa use and potentia 
use for watering parkandscaping.The tota construction cost for the sewer 

separation and the coection andtreatment faciities was estimated at S5 

0 000. The 

sewer separatonportion was $2 160 000. The tota project costs (incuding 
engineering,ega, fiscal, adminstrative, and property and easement acquistion) 

wereestimated to be 25% of the construction cost. The treatment 
faciities areepected to be on-ine early in 1977.Rochester, ew YorkWithin the 

Rchester Pure aters Distrct, combined sewer overflows representa major oad 

to the Rver, the Rochester of 

LakeOntario, 
and Bay. 

A study completed n ate 976 developed amaster pan outlining the actions necessary 
to achieve a cost-effectivesoution to the receiving water quaity impairment 

caused by combined seweroverfows [7. 8, 9The study was divided into 
three parts:• Monitorng and characteriation of combined sewer overfows 

and thecoection of fied data necessary to characterize the drainageareas 
serviced by the sewerage 

system• Piot pant study to evauate 
the 

appcabiity of aternatives• Appication of mathematica models to 
evauate 

the effect ofcombined sewer overflows on the receiving waters 
to evauate theeffectiveness of 

varous 

abatement alternatives [8]Three cassifications of processes 

were 
pioted: () soids remova;(2) chemical precipitation to 

achieve 
a greater degree of fine solids removaaong with phosphorus 

reduction beow te eve; and (3) finapoishing and 

high-rate 
disinfection to achieve a secondary qualty effluentwith respect 

to and bactera contamination. The processes investigatedwere with and 
without chemica additon, grit sir and primary sr concentrators connected 
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series, dua media fitration, carbon adsorption coumns, and high-ratedisinfection 
with chorine and/or chorine dioxide.The 

aternatives investigated incuded aternatives (sourcecontro measures and 
improved sewer system maintenance practices); minimastructura aternatives 

(improvement of existing dry- or wet-weather storageand treatment faciities); 
and structura intensive abatement aternatives(new storage and treatment 

faciities). Mathematica modes were appied toevauate these aternatives. The 
of the Storm ater ManagementMode was used to evauate the effects of the 

nonstructuraaternatives Minima structural alternatives were evauated 
using the transport bock. To determine the average annua effect of various 
abatementmeasures, the Simpified Mode was used [8]The recommended master 

pan cas for the impementation of interceptorimprovements, 

reguator modifications, bockage of high impacting overfows,additon 
of 

contro structures, implementation of source control reguations,impementation 
of an overa contro system, construction of wet-weathertreatment faciities 

at the existing Van Treatment Faciity (dry-weatherfows) site, and inine 
tunne storage and conveyance. The cost-effectiveoptimum structural intensive 
souton based on the 2 year design storminvoves a 2.05 (275 wet-weather 
treatment capacity and astorage capacity of 227 00 m3 (60 The 

recommended 
wet-weathertreatment facilities are chemicay assisted sedimentation( 

poymer and 40 aum) foowed by high-rate disinfection. Theestimated 
costs associated with impementation of this master pan are$7 40 000 

- 25% for the nonstructural and minimal structura aternativesand $88 570 

000 - 20% for the structural intensive storage and treatmentaternative 
[7 These costs do not incude drainage relief faciities thatare part of the 

costs reported in Section 2.The effectiveness of the proposed master 
pan was reported as follows:...incorporating the nonstructura and minima 

structural recommendationsis projected to 
reduce 

the and (tota nitrogen) annuawet-weather oading to the Genesee 

River 
from approximately 363 600 (800 000 and 9 090 kg/yr (20 000 to 1360 

kg/yr (3000 and 4 kg/yr (250 bs/yr). Ths wil reduce the average 
annuapotential 

of dissoved oxygen contraventions of the Genesee River fromapproximatey 
0 to 1 ..The annual (combined sewer overfow) oading of 

suspended 
solidsto the Genesee River as a result of impementing the Master 

wi bereduced from approxiately 363 60 kg (3 000 000 pounds) to vaue 
ofless than 4545 kg (0 000 pounds). 

[7] Park, CaiforniaThe City of Rohnert Park has separate sanitary and 

storm sewers. However,high wet-weather fows are encountered in the 
sanitary 

sewersduring the rainy season (October through Apri). Approximately 
95% of the274 



average annua ranfa occurs durng this perod. Peak wet-weather fowsexceed 
average dry-weather fows by as much as eight to ten tmes [0A demonstration 

project, competed in 973, was undertaken to determne theeffect of a surge 
facility to provde equalized flows to the dry-weathertreatment pant. 

A unique metho for maintaining the flow of soids throughthe basin was tested. 
One of the objectves of the study was to compare theprimary sedimentation 

tank efficencies for variabe versus uniform flowconditons [10The abiity 
of the 

equaizaton 

basn to produce the design unform was documented. The basn operated ess 
effcenty than a conventiona for suspended solids and BOD5 remova due 

primarily to thevariabiity in the detention time. The removas were 
quite erratic.Foowing competion of the demonstration project Park Joned 

in 
the Regiona Treatment Facilty. Rohnert Park (incudng theTown of and State 

Colege) is imited to an average dry-weatherflow of 0.0 (2.3 and a peak 
dry-weather flow of 0.8 /s(4. to the regiona plant. Peak wet-weather fow 

at 
the od,existing pant site is 0.53 /s (12.0 Mgal/d).The abandoned Rohnert 

Park treatment pant has been converted to a surgefaciity for 
wet-weather flows. The surge facilty has a surge 

basin 
(oldprimary sedimentation basin), a storage basin with two days 

detention 
atmaximum daily fow, a contro buding, and a faciity foremergency 

wet-weather overfow. Most of the components were retained from theabandoned 
plant The storage basin is composed of three earthenbasins approximately 

.5 (5 ft deep with a combined area of 6.9 ha(7 acres). Tota storage 
capacity is 83 300 3 (22 Fows in excessof 0.8 (4. Mga/d) (are diverted 

to the surge facility for storage.When the fow in the interceptor to 
the regiona pant fals beow 0.8 (4.1 fow is reeased from the surge faciity. 

Construction of thesurge faciity was competed in 1976.Construction cost 
for the surge facility was $943 000. This was composed of$390 000 for pumping 

station rehabiitation, $273 000 for the diversionstructure and faciity, 
and $280 000 for storage basin 

earthwork(incudng 
and sludge remova from existing oxidation ponds). MichiganThe 

probem at was typica of most such systems, namey periodicoverfows from 
the combined sewer system The dstribution of the totantercepted fow among the 

34 regulators was nequitabe with somecontributing a dsproportionatey 

large percentage. 

hen fows reached 2.5times the dry-weather fow, the treatment pant capacity, 
a vave on theinterceptor was cosed manuay and the fow from one half 

of the interceptorsystem was pumped untreated to the river. The 
valve was reopened manualyafter the storm when personnel were avaiabe This 

contributed unnecessaryto the amount of wastes discharged through 
overflows 

[1 In 969, it wasrecommended that existing ntercepting and pumping 
faciities 
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utiized to their optimum in conjunction with five new hodingfaciities. 
The hodng faciities were to have a storage capacity of85 00 (22.4 In 

972, folowing 
application 

of the Storm Water Management Mode tosimuate the operaton of the sewer 
system and proposed storage faciities,the pan was revised [2 The revised 

pan 
caled for construction of sevenstorage facilities with a total capacity of 

68 800 m 18.2 MgaD. Inaddition, revisions to existing reguators woud 
add 70 400 m (8.6 MgaD ofin-system storage. The size of the required 

interceptors was aso reduced asa resut of the simuations. The sizng is based on 
the -year storm,4.8 cm (1,9 in.) of rain.To date, one of the storage facilities 

is under construction 

and one abut togo to bid. In each facility, as fow enters the covered 
structure, 

foatingscum and oi baffes rise with the iquid surface to maximze capture 
of thesematerias. Depending on the magnitude of the storm when the basin s 

fied,effuent passes through horizonta screens (.25 cm (0.49 in.) mesh) to 
captureany floatabe and suspended materia not captured in the setting bays 

beforeoverfow 
to the River. Infuent to the facility is disinfected withsodium 

Stored 
fow is into the interceptor folowingthe storm,The capital costs for the 

entire system (seven storage faciities, reguatormodification, etc.) were 
estimated 

at 
$44 80 000.The storage faciities are being designed for mutiple use. The 

twofacilties designed to date include mutstory 

parking 
garage above thestorage and treatment basin,The actua construction 
cost of the Street facities was $5 26 000[13 Approximatey 80% of 

this cost is attributabe to 

the 
storage facity.The remainder is for the parkng garage.The overa performance 

of the facities are estimated to be approximatey30% for BOD and 50% for 
suspended soids remova for the desgn storm. 

Onan annua basis, approximately 90% of the and 92% of the suspended 
solidspresenty discharged to the river would be removed. The basins wicompletely 

contain approximatey .3 cm (0.5 in.) of from the tributaryarea without 
overflowing 

to the river.San Francisco, CaiforniaOverfows occur from San 
Franciscos combined sewer system when ranfaexceeds 0.05 (0.02 When rainfa 

exceeds this amount much of thecitys 

sometime as much as 53 
M/r 

(4 000 fowsuntreated into bay and ocean waters at many points around 
the city.A wastewater master plan for an improved wastewater treatment system 

wasdeveloped by the Department of Pbic Works and its consutants between 
969and 974. Snce 974, parts of the pan have been changed as a 

resut 
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further design and pannng work. As the city proceeds with its 
8-yearprogram, 

further changes are anticipated,The 

master pan contempates the estabishment of two treatment pants: 
adry-weather 

fow facty in the southeastern area of the city San FranciscoBay side) 
and combined dry- and wet-weather fow faciity in the south¬western area 

(Pacfic Ocean side). Both pants wi utimatey discharge tothe ocean via a common 
ocean outfa system. Phase I of the pan is shown inFgure 60 [14Figure 60. 

San Francisco 



transport/storage tunne and pumping facities wi be constructed aong thewest 
side of the city to the nw pant.On the 

bay 
side, the existing 7 900 (9 Mga1/d) southeast treatmentplant wi be 

expanded to include secondary treatment faciities. Theexisting capacity 
wi be expanded to 38 000 m3/s (84 Mga/d) to treat adry-weather flows for 

the east side of the city. The pant wi aso handesludge for the entire city. 

As an interim measure, the existing 260 000 m/s(65 Mga1/d) North Point 
treatment 

pant (dry-weather fows) wi be convertedto treat wet-weather fows for the 
northeastern section of the city. No wet-weather treatment faciites are 

proposed 
to hande fows from the southeastsection of the city during the initial 

phase of the program.The arge underground interceptor sewers 

that ake up the North Shore,Channe, and outfals consoidations and 
the est Side transport witransport dry-weather fows to the treatment plants 

or 
pumping stations, and,during storms, store excess wet-weather flows until 

they can be treated.These facilities with the exception of the Channel 
outfas consoidation,are expected to reduce the number of untreated combined 

sewer overfows to anaverage of one per year. The number of overfows in the 
Channe outfas areais expected to be reduced to approximatey four per year [4As 

part 
of the ong range pan, a tunnel and expansion of the 

treatment 

pant are proposed [15 Untreated wet-weather fows fromthe northeast 
and southeast districts woud be transported to the southwesttreatment plant 

n the crosstown tunne. This tunne woud be designed forboth transport and 
storage. Treatment of wet- and dry-weather fows from thewest side and, during 

periods of storm excess flows from the east sidewould be provded at the 
expanded southwest treatment pant. Wet-weathertreatment capacity at the expanded 

pant wil be approximatey 35.0 m3/s (800Mga/d).The tota costs for the 
first and second stage projects are estmated at$53 300 000 [5 The estimated 

cost 
for 

the 
Phase portion is$308 100 000. At the present time, four of ten 

contracts for the North Shorand Channel outfas consoidation projects 
have been awarded. The tota bidcosts received for these contracts is 25 700 
000 compared to the engineersestimate of $44 750 000. The estimated cost for 

this entire consoidationproject is $86 420 000.A rea time automatic contro 
computer program for inine storage and routingcontro for the North Shore 
consoidation project 

is currenty underdeveopment. The objectives of this program, when utimatey 
appied are: () minimization of overfows, (2) priority of the ocationfor 

discharges when overfows must occur, (3) make maximum use of 
storagefaciities, and (4) make optima use of a faciities [6At present design 

studies for the ocean outfa, expansion and treatmentupgrading aong with sudge 
handing at the southeast pant, faciitiespanning for the 

new 
southwest pant, and the West Side transport and pumpingstation are 

underway. A feasibity study of the crosstown tunne isexpected to start 
shorty.278 



Seatte, WashngtonA 

comprehensive pan for the coection, treatment, and disposa of wastesfrom 
Seatte and other communities wthin the drainage basin was competed in958. Despite 

improvements brought about by the construction pan,Seatte itsef was sti 
pagued by overfows from the 6-year od combinedsewer system. A demonstration 

project was begun in 967 to achieve "theultimate in system storage and 
contro n combined sewer system throughcomputerized total system 

management 
[17 This resulted in thedeveopment known as the "Computer 

Augmented Treatment and Disposal System,"or The CATAD system is a computer-directed 

system 

for maxmum utzaton ofavaiabe storage n the trunk and nterceptor sewers 
to reduce or completeyelmnate combined sewer overfows. The CATAD system utiizes 

a computer-based centra faciity for automatic control of remote regulator 
and pumpingstations. The control center incudes a computer, its associated 

peripheraequipment, an operators console, an interceptor system map 
dispay, 

dataoggers, and event prnters,At the same time that the unicipaity 
of Metropolitan Seattle 

(METRO) 

wasdeveloping the CATAD system, the City of Seattle was proceedng with 
competeor partia sewer separation projects in severa areas of the city The 

endresut was that the CATAD system serves approximatey 5310 ha (3 20 acres)of 
combined sewers. Of the citys tota of 2 060 ha (52 000 acres), thesewer 

separaton area amounted to 7290 ha (18 000 acres).Remote monitoring and 
contro units were provided to 37 remote pumping andreguator 

stations. In addition, six remote rain gages are aso monitored.The CATAD 
system can be operated in three different modes: () oca control,(2) supervsory 

control, and (3) automatic control. Under ocal control eachstation is 
operated independenty by controers within the station inresponse to ocal sensing 

devices. In the supervisory contro mode, stationsare operated 
remotey 

from the central terminal by the operator va the CATADcomputer in response 
to teemetered data. Stations are operated from thecentra terminal under 

program control by the CATAD system computer in theautomatic contro mode.Using 
supervisory control the voume of overflows was reduced by 35 to 50Adding 

automatic control 

strategies improved these reductions to over 90%[18 An optimizing model is 
being developed that is expected to mantain aperformance of at least 80% 

annual overfow voume reducton. Concusionsreached as a resut of the demonstration 
project incude:Loading analyss reveas that 80 to 90% of the peak loading 
has beenreduced, and the peak oading has been shfted 

to a higher rainfal ratewhch occurs less frequenty. Tota loading in 
pounds has been decreasedan average of 58% for ammonia; up to 76% for 

COD.Ranfa ntensity has a considerabe effect on overfows. Consderingthe 
average 

rainfa rate of a storm, the tota system 
reduced 

overfow279 



voumes by 73.6% supervsory contro, 97.2% in automatc contro, and 85.8%under 

combined advanced contro modes.Each 

station 
tended to show a "fingerprint" effect for sequentiaoverfow 

data. This fingerprint was generay unique for each stationand usuay 
repeated itsef for different storm types. The dataindicated that 

the first flush of materias is often diverted to theinterceptor in 
a combined system rather than overfowing to the receivingwater.Overfow 

priorities 

were based primariy upon voume reducton. Statonby station priority 
varied consideraby depending on which poutionfactor was the basis for 

estabishing priority.During the course of the 

study, the River receiving water hasimproved dissoved oxygen content 
by to 2 miigrams per iter. [8The success of the appication of tota 

systems 
management concepts is aidedby the improved surveiance afforded by the 

continuous monitoring capabiity.But the greatest part of the improved performance 
is due to the abiity (undereither supervisory or automatc contro) to ocate 

portions of the sewersystem which can be utiized for storage, thereby 
aowing overburdenedportions of the system to fow more freey [8The 

modifications 
to the existing combined sewer system 

included 
combinedsewer separation work by the City of Seatte affecting about 

25% of thecobined sewers in the area; modifcations to and construction 
ofreguator and pumping stations by the City of Seatte; modification 

ofreguator stations required for CATAD by METRO; and acquisition 
andinterfacing of the teemetry system, contros, and computer for CATAD 

byMETRO. The total cost for the modificatons and acquisitions was$165 650 
000. The cost assocated with just the CATAD system (reguatorstation 

modifications, telemetry system, and contro and computer equpment)was 
$8 390 000. These costs on a unit area basis were 5O/ha and $260/ha$12 

and 640/acre, respectively.The oodlands, TexasA new town The oodands, is 

under development 56 km (35 mi) north 
ofHouston, 

Texas. The town 

contan a1 services of a modern city,including faciities for social, 
recreationa, education, commercia,institutiona, business, and 

industrial 
pursuits. hen deveopment began n972, the 7200 ha (7 780 acres) 

was just heavy forest. Deveopment wi span20 years and lead to homes for 
approximatey 50 000 peope.The basic drainage system planned for The Woodlands was 

designed on the basisof what was termed the "natura 
drainage" 

concept. This concept conssts ofthe foowing principles:(a) the existng 
dranage system in ts unimproved state s utized tothe fuest extent possible; 

where drainage channes 
need 

to beconstructed, wide, shaow swaes lined with existing vegetation 
are used280 



instead of cutting narrow, deep ditches; drainage pipes and otherfood 
contro structures are used ony where the natura system isinadequate 

to handle increased urban such as in high-densityurban activity 
centers; and fow retarding devices such as retentionponds and recharge 

are used where practica to minimze ncreasesin runoff voume and peak 
fow rates due to development. [9]It was originay estimated that 

utizing the "natura drainage" conceptwoud keep the dranage system costs 

down to about 50 of that forconventiona systems. As part of the 
intia panning, the impact of thepanned urbanization in The Woodands 

community 
was evauated using the Stormater Management Mode The resuts were used 

to 
deveop a program tominimize impact of further deveopment,To minimize the 

amount and rate of increased runoff due 

to urbanization,existing drainage courses are grass covered to sow and 
reduce runoff throughinfitration. Storage reservoirs are used to promote recharge 

of and attenuate runoff. Exampes of the use of natura drainage features 

andstorage reservoirs are shown in Figure 61. Erosion control measures 
inconstruction areas minmze soids oadings in runoff from these areas. 

Thetype and amount of fertilizers, pesticides, and herbicides are controled 
tominimize poution of runoff [20The Woodands terrain in many places is quite 

fat. In a recent review it 
wasreported 

that in such spots, natural drainage has been found to cause foodingof 
[2 

Aso, Houston area officias disike the natura drainageideadrainage swaes and 

ditches accumulate debris and sit, and bushes growthere. Removing the debris 
and bushes is a maintenance cost. These officialsfee sewers are less of a 

probem. The goa is sti to use natura drainagewherever practica, but to baance 

ecoogy with practica economics since noone wants to lve on fooded land.Part 
of the origina intent was to provide and custer housing tokeep the deveoped 

land to a minimum, thus 
minimizing 

the increased runofffrom urbanization. However, many who can afford new 
housing wantsinge-faily housing [2 This may result in smaller percentage 

of TheWoodands and eft in open space than was originay panned. This woudmost 
ikey increase the amount and rate of runoff.SUMMARYFrom the case studies 

presented and summarized in Table 23. is apparentthat a use an integrated 
approach toward soving the polutionprobems. The 

programs 

deveoped by communities with combined sewersgeneraly on structura methods 
to sove the overflow probems. Forcommunities with separate sewers, the 

abatement programsincorporate both best management practices and 
structura solutions. Thisdifference in approaches is probably best expained 

by comparing the typesof communites with combined or separate 
sewers.Most of the combined sewers are found in the oder, hghly urbanized 

cities.As a result, the more easiy and east costy best management28 
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practices such as retention, ersion contro, use of pervious areas forpercoation, 
and use of natura drainage features to attenuate aredifficut, if not 

impossibe, to appy. Thus, reiance on structural methodssuch as storage and 

treatment is necessary. Separate sewers may be found inthe newer portions 
of 

some od cities and in suburban communities. In theseareas, best management 
practces are usuay more easiy impemented.Incorporating best management 

practices into the stormwater abatement programgeneray reduces the need 
for structura soutions.It is noteworthy that a of the 

programs ncorporate storage in one form oranother. Ths aows greater voume 
to be treated than justreyng on the interceptor capacty to convey 

stormwater to treatment pant.In most cases, inine storage is incuded; even where 
offine storage is used.Ths aows the stormwater to be treated using the excess 
capacty atexisting treatment pants or aows the use of smaer new 

treatment plants.The unit capital costs for the programs range from $780/ha to 

$8660/ha($400/acre to $21 for communities with combined sewers. There 
areinsufficient data to determine a simiar range of costs for communities 

withseparate sewers. Direct comparison of the unit costs for the sewer separationand 
coection/treatment options for Mount shoud not be made sinceseparation 

is being done in an area that is primariy industria and openspace. The costs 
for colection and treatment of the combined sewer overfows(n areas where 
this option was seected) were approximatey 30 to 60 of thecost for sewer 

separation in the same areas.285 



REFERENCESSECTION 

. 

Lager, Technoogy Overview and Assessment. Report No. Ma 977.2. 
U.S. Environmenta Protection Agency. Handbook 

of Procedures -Constructon Grants Program for Muncpa Treatment 
orks.Revsed 76-. August 976.3. Sulivan, R. et a1 Nationwde Evauaton 
of Combined SewerOverfows 

and Urban Discharges, Volume I: ExecutiveSummary. USEPA Report No. 
EPA-600/27706a. At Press.4. & Eddy, Inc. Report to Nationa 

Commission on Water Quaity onAssessment of Technooges 

and Costs for Publicy Owned Treatment worksUnder Public Law 92-500, Volumes 
I, II, and III. September 975.5. Fed, R et a1 Urban Poution Contro 

Technoogy Overview.USEPA Report No. No. 264 452. March 977.6. 

and J. P. Urban Ranfal-Runoff-Quaity Data BaseUSEPA Report No. July 
1977.SECTION 21. Lager J. A. and Smth. Urban Stormwater 

Management 

and Tech¬noogy, an Assessment. USEPA Report No. NTIS No.PB 240 687. 
December 974.2. Chcago Drves Large Bores to 

Contro 

Combined 
Sewage Fow. Engi¬neering News Record. Inc., New York. February 

3, 1977.3. City and County of San Francisco. Newsetter I, ManagementPubic 
Participation 

Program. 
San Francisco Management Pro¬gram Overview. January 1977.4. 

& Eddy, Inc. Engineerng and Management Pan forBoston Harbor 
Eastern 

Massachusetts Metropolitan Area EMMA Study.Fna Reort to Metropotan 
District Commission. March 976.5 Assessment Procedures Manua, Voumes I 

and II. USEPA ReportNo. 
July 

976.286 



6. & Eddy, Inc. Engineering: Colection. Treatment,Disposa. Inc., 
New York. 972.7. and Evaluation of Storm 

Standby Tanks,Coumbus, Ohio. Report No. 020FAL03/7 No. 202 236.March 
97.8. Commonweath of Massachusetts. Metropoitan District Commission. 

Cot¬tage 

Farm Combined Sewer Detention and Station, Cambridge,Massachusetts. 

USEPA Report No. NTIS No. PB 263 292.November 976.9. A a1 Treatment 

of Combined Sewer Overflows byDissoved Air Flotation. USEPA Report No. 
NTIS No.PB 

248 86. September 975.0. Suvan, et a. Prototype Demonstration of the 
Swirl USEPA Grant o. S-80357. August 977. Fina Report. At Press. 

Suivan, R. H. et a1 The Swir 

Primary Separator: Deveopment andPiot Demonstration. USEPA Demonstration 
Grant No. S-80357. December976. Draft Report.2. Sulivan, R. H et a1 

The Swir Concentrator for Erosion Treatment. USEPA Report No. NTIS No. 
PB 266 598.December 976.SECTION 3. Shoemaker, Lega Aspects of Urban 

Management. 

(In;Proceedings 
of the Urban Stormwater Management Seminars, Atlanta,Georgia, 

November 4-6, 975, and Denver. Coorado, December 2-4 1975.)USEPA 
Report No. 

03-76-04. 

NTIS No. PB 260 889.SECTION 4. U.S. Environmenta Protection Agency. 
Handbook of Procedures -Constructon Grants Program for Muncpa 

Treatment Works.Revised 76-. August 976.2. J. P.. et a1 Nationwide 
Evaluation 

of Combined Sewer Overfowsand Urban 
Stormwater 

Discharges. 
Volume II: Cost Assessment and Impacts.USEPA Report No. 

NTIS No. PB 266 005. March 1977.3. Heaney, J. P., et a1 Storm Water 
Management Mode: Leve I - 

Preimi¬nary 

Screening Procedures. USEPA Report No. NTIS No.PB 259 96. October 
976.4. Amy, et a1. Water Quality Management Panning for Urban Runoff.USEPA 

NTIS No. PB 24 689. December 974.287 



5. Assessment Procedures Manua, Voumes I and II. ReportNo. Juy 976.6. 
Engneerng Center Corps of 

Engneers. 
Urban Storm. Generaied Computer Program 723-S8L2520, Engineerng 

Center Army Corps of Engneers. Caforna. May975.7. & Eddy, Inc., 
Unversty of Forda, and Mater Resources Eng¬neers, Inc. Stormwater 

Management 

Mode, Voume I. USEPA Report No.024DOC07/7 No. 203 289. Juy 97.8. 
Lager, 

A. and Smith. Urban Stormwater Management and Tech¬nogy, an 
Assessment. USEPA Reprt No. NTIS No.PB 240 

687. 
December 974.9. Lager, A a Deveopment and Application of a 

Simpified 
Storm-water Management Mode. USEPA Report No. NTIS No.PB 258 

074. August 976,10. et 

a. Methodoogy for the Study of Urban Storm-Generated Poution and Contro. 
USEPA Report No. NTIS No. PB 258 743. August 976.. Cost Estimating 

Manua - Combined 
Sewer 

OverfowStorage and Treatment. USEPA Report No. NTIS No.PB 266 359. 
December 1976.2. A. et Loading Functions for Assessment of ater 

Pol¬luton From Sources. USEPA 
Report 

No. NTIS No. PB 253 325. May 976.3. & Eddy Inc. Report to Natona 
Commssion on Water Quality onAssessment of Technoogies and Costs for 

Pubicy Owned Treatment 

orksUnder Pubc Law 92-500, Voumes I, II, and III. September 975.14. A. 
Assessment of Mathematical Modes for Storm and Com¬bined Sewer 

Management. USEPA Report No. 

EPA-600/276-75a 
NTIS No.PB 259 597. August 1976.5. Brandstetter, A R. Field, 

and H. Evauation of MathematicaModes for the Simuaton of Time-Varying 
Runoff and Water Quaity inStorm and Combined Sewerage Systems. 

(In: Proceedings of the Conference on Environmental Modeing and Simuation, 
April 19-22. 976, Cin¬cinnati, Ohio.) USEPA Report No. NTIS No.PB 

257 142. Juy 976.16. 
Lager, 

J. A. Appcation of Stormwater Management Models. (In: Pro¬ceedings of the 
Urban Stormwater Management Seminar, Denver, Coorado,December 2-4, 

1975.) USEPA Report No. 03-76-04. NTIS No. PB 260 889288 



7. et a Comparative Evauaton of Three Urban RunoffModes. Water 
Resources 

Buetin. 1(2):306-328, Apri 975.18. P. and G. 
Independent 

Comparison of Three UrbanRunoff Models. Journal of the Hydraulics 
Division, 00:995-009, Juy 1974.19. Engineering Center, Corps 

of Engineers. 

Urban 
Runoff: Storm. Generaized Computer Program 723-S8-L2520, Engineering 

Center, Army Corps of Engineers. Caifornia. Juy976.20. A R. 

P. A. D. J. and A. 0. A Mode for Evaluating Runoff-Quality 

inMetropoitan 

Master Panning, ASCE Urban Water Resources Research Pro¬gram, Techncal 
Memorandum No, 23. Apri 1974.21. International, Inc. Simulation 

Programming -Operations Manua. Ato, California. February 1972.22 Hydrocomp 
International, Inc. Hydrocomp Simuaton 

Programming 
-Mathematical Mode of Water Quality Indices in Rivers and 

Impoundments. Caifornia. December 972.23. J. G. and 

Evauation and Con¬tro of Urban Runoff. ASCE Annual and National 
Environmenta Engneer¬ing Meeting, Preprint 203, New York, New York, 

October-November 973.24. Resource Anayss, 

Inc. Anaysis of Hypothetica Catchments and Pipesith the M.I.T. Catchment 

Mode. Resource Anaysis, Inc., Cambridge,Massachusetts, for Northwest 
Laboratories, Two Vol¬umes, October 974.25. Mathematica Fow Smuation 

Mode for Urban Sewerage Systems Program. dEtudes et Grenobe, France 
Apri 973. Partial Draft Report. (FrenchTransation).26. Pew, A R. L. 

Caery, A. and J. J. DataAcquistion and Combined Sewer Contros in 
Ceveand. Journa of 

thePoution Contro Federation. 45:2276-2289. November 973.27. Brandstetter, 
A R. L. and D, B. A Mathematical Modelfor Optimum Design and Control 
of Metropoitan ManagementSystems. Water Resources Buletin. 9(6):188-200, 

December 

1973.28. W. C et a1 Storm Water Management Mode Users Manua VersionII. 
Report No. March 1975.289 



29 Anaysis of Urban Sewer Systems by Method.Paper Presented at the Nationa 
Conference on Urban Engineerng TerrainProbems, Montrea, Canada, May 

973.30. F. Urban Pouton Derved 
From 

Long-Time Simuation.Paper Presented at the Nationa Symposium on Urban 
Hydroogy and Sedi¬ment Contro, Kentucky, Juy 28-3, 975.3. P. and A. 

Linked Process Routing Modes.Paper Presented at 
American 

Geophysica Union Annual Spring Meeting,Washngton, Apri 1963.32. 

P. Computer Management of a Combned Sewer System. Report No. No. 
235 77. July 974.33. P., 

a Evauation of Water Quaity Modes: A Manage¬ment Guide for Panners. 
USEPA Report No. NTIS No.PB 256 412. July 1976.34. J. and 

G. 

P. Grimsrud. Evauation and Seection of WaterQualty Modes: A Panners 
Guide. 

(In: Proceedings of the Conferenceon Environmenta Modeing and 
Simuation, Cincinnati, 

Ohio, 
April 9-22,976.) USEPA Report No. NTIS No. PB 257 42. July976.35. & 
Eddy, Inc. Engineering and Management Plan forBoston Harbor-Eastern 
Massachusetts Metropoitan Area. Technical Data.Voume 7, Combined Sewer 

Overfow Reguation Metropoitan DistrctCommission. November 975.36. 
U.S. 

Department of Commerce, Weather Bureau. Technical Paper No. 40.Rainfa 
Frequency Atas of the United States. January 963.SECTION 5. Sartor, and 

G. Water Poution Aspects of Street Sur¬face Contaminants. USEPA 
Report No. EPA-R2-72-08 

NTIS 
No.PB 24 408. November 972.2. R. R. J. and R. L. Woodward. Urban 
Land RunoffAs a Factor n Stream Pouton. Journa of the Water 

PoutionControl 

Federation. 36:914-924, Juy 1964.3. P. G. The Poution of Storm 
ater Runoff in Separate Systems:Studies With Specia Reference 

to Precipitation 
Conditions 

in the LowerAp Region. Water Resources and Sanitary Engineering of 

MunichTechnica Unversity. 1975. (German Transation).4. D. G. 

Contributions of Urban Roadway Usage to 

Hater 
Poluton.USEPA Report No. 600/2-75-004. NTIS No. PB 245 854. April 975.290 



5. a1. Urban Stormwater Management Modeing and Decsion-Making. Report 

No. No. 242 290.May 975.6. Mannng, et a Natonwide Evauation 

of 
Combned 

Sewer Over¬fows and Urban Stormwater Discharges, Voume III: 
Characterization 

ofDscharges. USEPA Report No. 600/2-77-064c. At Press.7. 
Amercan Pubic Works Associaton, Water Poution Aspects of 

Urban USEPA Report No. 1030DNS01/69. NTIS No. PB 25 532.January 969.8. 
Amy, et a Water Quality Manaement Panning for Urban 

Runoff.USEPA 
Report 

No. 440/9-75-004. No. PB 24 689. December 974.9. A. et a1 Loadng 
Functons for Assessment of Water Po¬ution From Sources. USEPA Report 

No. 
NTISNo. PB 253 325. May 976.10. Black, Crow & Inc., and Jordan, Jones 

& Inc. Point Poution Evauaton Atlanta Urban Area. Contract No. 
2-74- May 975.1. P. and 

Combined Sewer Overfow Abatement Pan Iowa. USEPA Report No. EPA-R2-73170. 
Apr 1974.12. V Characterization and Treatment of Urban Land 

Run-off. 
USEPA Report 

No. NTIS No. PB 240 978.December 1974.13. Roer. Urban Hydroogy: A Systems 
Study in Ten¬nessee. Tennessee Vaey Authrity. June 1976.4. 

Economc Systems Corporaton. Storm ater Pouton From UrbanLand Activity. 
USEPA Report No. 11034FL07/70. NTIS No. PB 95 28.July 970.15. 

Mason, D. G 

et a Screening/Fotation Treatment of Combined SewerOverflows. Voume 
I: 

Bench Scae and Pot Pant Investgations.USEPA 

Report No. EPA-600/2-77-069a. 1977. At Press.16. Proposed Fitration 
Piot 

Pant Test Program on Combined SeweStorm Overfows and Raw Dry 
Weather 

Sewage 

at New York Citys Creek Sewage Treatment Pant. USEPA Demonstration Grant 
o. S-80327.May 975. Draft.7. D. L. and 0. Management 

Program,Jamaica Bay, New York. Voume I: Summary Report; 

Voume II: Suppe¬mental Data, New York City Spring Creek. USEPA Report 
76-222a and EPA-600/2-76-222b. NTIS Nos. PB 260 887 and PB 258 

308.September 
976.29 



8. Coyne Consuting Engineers. Measurements and Evauation ofPoution 
Loads 

From Combined Sewer Overfow. Genera Report andAnnex Through 

4. Ministry of the Environment Ministry of PubicWorks. March 974. 

(French Transation).19. dark, J a1 

Screening/Fotation Treatment of Combined SewerOverflows, Volume II 
Fun-Scae 

Demonstration. DemonstrationGrant No. 023FWS. April 1975. 
Draft 

Report.20. Lager. A et a1 Deveopment and 

Appcation of Simpified Management Mode. USEPA Report No. No. 258 

074. August 976.2. City of Miwaukee, Wisconsn, and and 
Associates.Detention Tank for Combined 

Sewer Overfow, Miwaukee, isconsin,Demonstration Project. USEPA Report 

No. NTIS No.PB 250 427. December 1975.22. and J. P. Urban 
Rainfa-Quaity DataBase. USEPA No. Juy 977.23. & Eddy, Inc. 
Engineering: 

Colection, 

Treatment,Disposal. 
Inc., New York. 972.24. Sources of Metas in New 

York 
City Wastewater.Journa of the ater Poution 

Control 

Federation. 46-2653-2662,December 1974.25. U.S. of the Interior, 
Geoogica Survey. Water Resources DataFor 

Caiforna, 

Part Water Quaity Records 972,26. V. P., et a1 Microorganisms 
in Urban Stormwater. USEPAReport No. At Press.27. M. Maximum 
Utiization of 

Water Resources in a Panned Community: Bacteria Characteristcs of in 
Deveoping RuraAreas. USEPA Research Grant 1976. Draft 

Report.28. J. Methods of Assessment of Non-Point Runoff Poution.The 
Dip oate. December 1973.29. Sulivan, 

et a1 Nationwide Evauation of Combined Sewer Over¬fows and Urban 
Stormwater Discharges, Voume I: Executive Summary.USEPA Report No. 

EPA-600/2-77"064a. At Press.30. Assessment Procedures Manua, 

Voumes I and II. U.S.Environmental Protection Agency. Juy 976.31. 
Coyne 

Consuting Engineers. Study 

for LakeProtecton. June 976. (French Transation).292 



32. Underwater Storage, Inc., and Siver, Ltd. Contro of Po¬ution by 
Underwater Storage. Report No. 1020DF12/69. NTIS No.9 27. December 969.33. 

Roy Inc. Combned 

Sewer 
Overfow Abatement Alternatives,Washington, USEPA Report No. 

024EXF03/70. 
NTIS No. 203 680.August 970.34. & Eddy, Inc., Universty of 

Forida, and 

ater Resources Engi¬neers, Inc. Storm ater Management Mode, Voume I. 
No.024DOC07/7. NTIS No. PB 203 289. Juy 97.35. a Handing and Disposal 

of Sudges Arisng From Combined Sewer Overflow 

Treatment - Phase - Characterization. USEPAReport No. EPA-600/-77-053a. 
May 977.36. dark, M. and A. Assessment of the Impact of the 

Hand¬ling and Dsposa of Sudges Arisng From 

Combined Sewer OverflowTreatment. USEPA Contract No. 68-03-0242. February 
976. DraftReport.37. P. and K. Meta to Sewage Organsms.Journa 

f the Santary Engineering Division, 97:6-169, Apr971.38. 
F 

M. 
V. and Sum¬mary Report on the Effects of Heavy Metas on Bioogca 

Treatment Pro¬cesses. Journa of the Water Poution Contro Federaton. 

37:86-96, 

January 965.39. N. Liquid Waste of Industry: Theories, Practices 
andTreatment. Park, Cafornia. 97.40. P. L I. J. and A. Lawrence. Ion 

Effects in Digestion. of Civil Engineering, Stanford University.Technica 
Report 

No. 

33. March 964.4. Proceedings of the Urban Management Seminars, 
Atanta,Georgia, November 4-6, 975, and Denver Coorado 

December 

2-4, 1975.USEPA Report No. 03-76-04. NTIS No. PB 260 889.42. E, 

E. and B. A. Concepts in Feca Streptococci inStream Polution. Journa 
of the Water Poluton Contro 

Federation.4:R336-R352. 
August 969.43. and L. J. Characteristicsand 

Impact on Urban Waterways. Copy).44. J. and G. F. Lee. Nutrient Loading 
From a Separate StormSewer in Madison, Wisconsin. 

Journa of the Poution ControFederation. 46:920-936, May 974.293 



45 Lager, J. A. and Smth. Urban Management and Tech¬noogy, an 
Assessment. 

Report No. NTIS No. 240 687. December 974.46. Harper, 
a. 

Degradation of Urban 
Streams 

From Stormwater Presented at the Environmental Engineering 
DivisionSpeciaty Conference, Forida, Juy 20-23, 975. Draft.SECTION 

61. E. et a Investigation of Porous Pavements for Urban RunoffContro. 

USEPA 

Report No. 1034DUY03/720. No. PB 227 56.March 972.2. New Town Panned 
Around Environmenta Aspects. CiviEngineering - ASCE. September 

973.3. 
et 

a1 Impact of Modifications on Water Quaity. USEPA Report No. NTIS 
No. PB 248 523. April975.4. Task 

Committee 
on the Effects of Urbanzation on Low Fow, Total Runoff,Infitration, 

and Ground-Mater Recharge of the Committee on Hydroogy of the 

Hydrauics 

Division. Aspects of Effects of Urbanization. Journa of the Hydrauics 
Division, ASCE. 0:444-468, May 975.5. Danel B. Caifornia Litter: A 
Comprehensive Anaysis and Panfor Abatement. Institute for Appied 

Research, Caifornia.May 975.6. American Pubic Works Association. Water 
Polution Aspects of 

UrbanRunoff. USEPA Report No. 1030DNS01/69. NTIS No. PB 25 532. 
January1969.7. 

Sartor, J. and G. B. Water Pollution Aspects of Street 
Sur¬face 

Contaminants. 
USEPA Report No. EPA-R272-08 NTIS No. PB24 408. November 972.8. 

Amy, G et a1 Water Quaity Management Panning for Urban Runoff.USEPA 

Report 
No. 440/9-75-004. NTIS No. PB 24 689. December 974.9. M. B. Utility 

of Urban Runoff Modeling. In: Proceedings ofa Speca Session, 
Spring Annua Meeting, 

American eophysca Union,Washington, April 14, 976. ASCE Urban Water 
Resources ResearchProgram, Technica Memorandum No. 31 July 976. 

Draft.0. 

Field, R. and J. A. Lager. for Poution From Over¬flows. The State 
of 

the Art. USEPA Report No. NTISNo. PB 240 498. December 1974.294 



. Food From Urban Areas. Office of Watr Researchand Technoogy. Technica 
Report No. 33. June 975.12. J. P., a. Storm 

ater 
Management Mode: Leve - Prem¬nary Screening Procedures. Report No. 

No. 259 96. October 976.13. R. Our Crash Street-Ceanng Program.Covers 
Every Streetin the City 

in Five Days. The American City. Juy 1970.H. Levis, A. H. Urban Street 
Ceaning. USEPA Report No. NTIS No. PB 239 327.5. Murray, 

and Ernst. An Economic Anayss of the Environ¬menta Impact of Hghway 
USEPA Report No. 

NTIS 
No. PB 253 268. May 976.6. Fed, Rchard, et a Water Pouton and Assocated 

Effects FromStreet Sating. USEPA Report No. EPA-R2-73-257. NTIS No. 
222 795.May 973.7. Edison 

Water 

Quality Laboratory, Edson, New Jersey. EnvironmentaImpact of Highway 
USEPA Report No. 11040G06/71 NTIS No.203 493. June 97.8. Lager, 

J. A. 

and 
W. Smith. Urban Management and Tech¬noogy, an Assessment. USEPA 

Report No. NTIS No.PB 240 687. December 1974.9. Murray, D. M. and M. 
R. A Search: New 

Technoogy for Pave¬ment Snow and Ice Contro. USEPA Report No. EPA-R2-72-125. 
NTIS No.PB 22 250. December 972.20. F. A. We Are Using Sat 

- Smarter. The American 

City.January 972.21. and H. P. Eddy. American Practice, Volume I, 
2ndEdition. 

Inc., New York. 92822. American Public Works Association. 
Survey of Practice as to: 

StreetCeanng 
Catch Basin Ceaning, Snow and Ice Contro. March 973.23. 

San Francisco 

Master Plan for Waste Water Management, Preiminary Com¬prehensive Report. 
City and County of San Francisco, 

Department 

ofPubic Works. September 1971.24. & Eddy, Inc., Unversity of 
Florida, 

and Water Resources Engi¬neers, Inc. Storm Water Management 

Mode, Voume I. USEPA Report o.024DOC07/71. NTIS No. PB 203 289.25. Lager, 

J. A et a Technoogy Overview and Assessment.USEPA Report No. May 
977.295 



26. Handbook for Sewer System Evauation and Rehabiitation. ReportNo. 
December 1975.27. Cost Effective 

Approach 
for Combined and Storm SewerCean-Up. (In: Proceedings of Urban 

Management Seminars.)USEPA Report No. 03-76-04. No. 260 889. 
January 

97628. Process Research Inc. A Study of Poution Contro 
Aternatives 

forDorchester Bay. Commonweath of Massachusetts Metropoitan 
DistrictCommission. Volumes , 2, 3, and 4. December 23, 974.29. and 

Fied. Infitration-Infow Anaysis. Journaof the 
Environmenta 

Engineering Division, 0(5):775-784,October 975.30. Practices 
in Detention of Urban Stormwater anInvestigation of Concepts, 

Techniques, 

Applications, Costs, Problems,Legisation, Lega Aspects and Opinions. Specia 
Report No. 43.974.3. Poertner, H. G. Urban Stormwater Detention and 

Flow Attenuation forwater Poution Contro. (In: Proceedings of Urban 

Stormwater 

Manage¬ment Seminars.) USEPA Report No. 03-76-04. NTIS No. PB 260 
889.January 976.32. Survey and Anaysis of Urban Drainage Ordinances 

and aRecommended Mode Ordinance. Environmental Resources Center 
and 

GeorgiaInstitute 
of Technoogy. February 1975.33. USEPA Contact: Mr. Dennis N. 

Office of Water and HazardousMaterias Water Planning Division, 401 
waterside Ma,Washington, 20460.SECTION 7. Fied, 

R. and J. A. Lager. for Poution From Over¬fows: The State of the Art. 
USEPA Report No. NTISNo. PB 240 498. December 974.2. Lager, J. A. and 

G. Smith. Urban 

Stormwater 

Management and Tech¬noogy. an Assessment. USEPA Report No. No.PB 240 
687. December 974.3. J. P., . Natinwide Evauation of Combined Sewer 

Over¬flows and Urban 
Stormwater 

Discharges, Voume II: Cost Assessment andImpacts. USEPA Report No. 

NTIS No. PB 266 005.March 977.4. Heaney, J. P., a Storm Water 
Management Mode: Leve - 

Preim¬inary Screening Procedures. USEPA Report No. NTISNo. PB 259 96. 
October 

1976.296 



5. P. Computer Management of a Combined Sewer System. Report No. NTIS 
No. 235 77. Juy 974.6. Metropotan Sewer Board - St. Pau, 

Minnesota. Dispatching System forContro of Combined Sewer Losses. USEPA 
Report No. 1020FAQ03/7 NTISNo. PB 203 678. March 97.7. Matt, a Sewerage 

System Monitoring and 

Remote Control.USEPA Report No. NTIS No. PB 242 107. May 975.8. S 
Labadie. Smth. w. Hul, and Bradford. Metropolitan Water 

nteigence 
Systems Competion Report -Phase II. U.S. Department of the 

Interior, Office of ater ResourcesResearch. Colorado State University, 
Fort Co ins. Grant No. 14-3-0001-3685. Water Resources Systems 

Program. June 973.9. Grigg, N. S J. W. and H, G. Metropoitan 
waterIntelligence 

Systems Completion Report - Phase III. S. 

Departmentof the Interior, Office of water Resources Research. Colorado 
StateUniversity, Fort Cings. Grant No. 4-3-000-9028. Water 

ResourcesSystems 
Program. June 1974.0. Labadie, J. N. S. Grigg. and B. 

H. 
Bradford. Automatic Contro of Combined Sewer Systems. Journal of the 
Environmenta Engi¬neering 

Division, 101(1):27-39, February 1975.1. U.S. Environmental Protection 
Agency, and Alen and Hamiton Inc.Draft Environmenta Impact Statement, 

Tunne Component of the Tunne andReservoir Pan 
Proposed 

by the Metropolitan Sanitary District ofGreater Chicago; Mainstream 
Tunne 

System, 59th Street to Street. March 976.2. and Evalation of Storm 

Standby Tanks,Columbus, Ohio. USEPA Report No. 1020FAL03/7 NTIS 

No. PB 202 236.March 971,3. City of Milwaukee, Wisconsin, and 
and 

Associates.Detention 

Tank for Combined Sewer Overfow, Miwaukee, isconsin,Demonstration 
Project. USEPA Report No. NTISNo. PB 250 427. December 1975.4. 

- An 

American-Standard 
Company. Combined Sewer TemporaryUnderwater Storage Facility. 

USEPA Report No. 1022DPP0/70. NTIS No.PB 97 669. October 
970.15. 

Underwater Storage, Inc., and Siver, Ltd. Contro of Po¬uton 
by Underwater Storage. USEPA 

Report No. 1020DF12/69. NTISNo. PB 91 27. December 1969.16. R. 
Associates, Inc. Underwater Storage of Combined SewerOverflows. USEPA 

Report No. 11022ECV09/7 

NTIS No. PB 208 346.September 97297 



7. Commonweath of Massachusetts, Metropoitan District Commission.Cottage 
Farm Combined Sewer Detention and Station, Cam¬bridge, 

Massachusetts. 
Report No. No. 263 292. November 976.8. and Storage 

and Treatment of 
CombinedSewer 

Overfows. USEPA Report No. EPA-R2-72-070. NTIS No. PB 214 106.October 
972.9. Environmenta Assessment Statement for Charles River Margina 

ConduitProject 

in the Cities of Boston and Cambridge, Massachusetts. Common¬eath of 

Massachusetts. Metropotan Distrct Commisson. September974.20. Lynard, 
Trip Report; O City and Franklin, Pennsyvania andBoston, 

Massachusetts. 

May 5, 976.2. R. Assocates, Inc. Demonstraton of Vod Space StorageWith 
Treatment and Flow Reguation. 

USEPA Report No. NTIS No. PB 263 032. December 976.22. and . 0. 
Management Program.Jamaica Bay, New York; Voume II: Suppementa Data. New 

York CitySpring Creek. USEPA Report 

No. EPA-600/2-76-222b. NTIS No. PB 258 308,September 976.23. Lynard 
W. G. Trip Report; Denver. Chicago, Racine, Mi¬waukee Toronto, and 

New York City. June 2-25, 976.24. City of New York Environmenta 
Protection 

Administration. 

Spring CreekAuxiiary Water Poution Control Plant Operationa 
Data, 

January 974to January 1976.25. L. and W. 0. 

Maddaus. 
astewater Management Program.Jamaca Bay, New ork; Voume I: Summary 

Report. USEPA Report No.EPA-600/2-76-222a. NTIS No. PB 260 887. September 
1976.26. 

Development 
of a Flood and Poution Contro Pan for the Area. Metropoitan 

Sanitary District of Greater Chicago, Institute forEnvironmenta 
Quaity, 

State of Inois, and Department of PublicWorks, City 

of Chicago. August 1972.27. Cost Estimating Manual - Combined Sewer 
OverfowStorage Treatment. USEPA Report No. NTIS No. 266359. December 
1976.28. Alen, D. a Treatment of Combined Sewer Overflows by 

HghGradient USEPA Report No. NTISo. 

PB 
264 935. March 977.298 



29. Suivan, a Reationship Between Dimeter and Height forthe Design of 

a Swir Concentrator as a Combined Sewer Overfow Regu¬ator. USEPA 
Report 

No. NTIS No. 234 646. July974.30 Suivan, R. H. et a. The Heica 

Bend 

Combined Sewer Overfow Regu¬ator. USEPA Report No. No. PB 250 69.ecember 
975.3. Process Design Manua for Suspended Soids Remova. U.S. 

EnvironmentaProtection 

Agency, Technoogy Transfer. USEPA Report No. 625/75-003a.January 
975.32. et a Methods for Separation of Sediment From StormWater at 

Construction 

Stes. USEPA Report No. NTISNo. PB 262 782.33. Wof, H. Treatment 
Faciity 

for Excessive Storm Fow inSanitary Sewers. USEPA Report No. 34. 

& Eddy, Inc. 

Michigan, Combined Sewer Overfow Abate¬ment Pan - Preiminary Design 
Report (March 973), and Facility Bid Tabuation 

(September 

1976).35. & Engineers. Disinfecton/Treatment of Combined 
SewerOverfows-Syracuse, Demonstraton Grant No. S802400. March 977.Draft 

Report.36. 
& Gere, Engineers. Combined Sewer 

Overflow Abatement Program,Rochester, N.Y. Grant No. November 976. Draft 
Report.37. Lancaster Project-Post Construction Evaluation Pan. 

USEPADemonstration 

Grant No. S-80229 (formery 1023 973. Draft.38. Suivan, R. H et a1. 
Field Prototype Demonstration of the Swir No. S-803157. August 

976. 
Draft Report.39. Sulivan, R. H et a. The Swirl Primary Separator: 

Deveopment andPot Demonstration. USEPA Demonstration Grant No. 

S-803157. 
December976. Draft Report.40. Sulivan, R. H et a The Concentrator 

for Erosion Treatment. USEPA Report No. NTIS No. PB 266 

598.September 975.4. Design Alternatives and Construction Drawings for 
Lancaster, Pennsy¬vania Swir Proect. USEPA Demonstraton Grant No. S-80229. 

November976.42. 

Field R. I. Determinations for a Prototype Swir Com¬bined Sewer 
Overfow Reguator/Soids-Separator. (USEPA Demonstration299 



Grant No. S-802400.) In: Proceedings of the Urban Manage¬ment Semnars, 
Atanta, Georga, November 4-6, 975, and Denver,Coorado, December 

2-4, 975. Report No. 03-76-04. No. 260 889. January 1976.43. 
dark, a1 

Screenng/Fotation 

Treatment of Combined SewerOverfows, Voume II: Fun-Scae Demonstraton 
USEPA DemonstrationGrant No. 023 Draft Report. Apri 975.44. 

Mason, 
et a. Screening/Fotaton Treatment of 

Combned 
SewerOverflows. Voume I: Bench Scae and Pilot Plant Investigations.USEPA 

Report No. EPA-600/2-77069a. 977. At Press.45. A et a 
Treatment of Combined Sewer Overflows byDissoved Air 

Fotation. USEPA Report No. NTIS No.PB 248 86. September 975.46. Proposed 
Ftraton Pot Pant Test Program on Combined SewerStorm Overfows and 

Raw Dry Weather Sewage at 

New York Citys Creek Sewage Treatment Plant. USEPA Demonstration Grant 
No. S-803271.May 975. Draft.47. et a1 High Rate Filtration of 

Combined Sewer Overfows.USEPA Report No. 1023EYI04/72. NTIS No. PB 21 44. 
Apri 972.48. 

Operationa Data for the Be11ev1e Screening Project. OntarioMinistry of the 
Environment. August 6, 976.49. G. Memorandum for the Record. 

Status 
Report on Four Storm-water Treatment Faciities Euclid, Oi 

City, and September 1, 1975.50. D. H. and P. 

Combned Sewer Stormwater OverfowTreatment by Screening and Termina 
Ponding 

at Fort Wayne Indiana.USEPA Demonstration Grant No. 1020 Volumes 
and 2. June 

1976.Draft 
Report.5. dark, T. L. and A. Flotaton With Powdered 

Activated Carbon Addition for the Treatmentof Combined Sewer Overfows. 
Wisconsin Department of Natural Resources.Madison, Wisconsin. Project 

No. 810. 

March 1975.52. V. and J. Muti-Purpose Combined Sewer OverflowTreatment 
Facility, Mount Michigan. USEPA Report No. 2-75-010. NTIS No. PB 

242 94. May 1975.53. Environmenta Protection Administration, Department 
of Water Resources,City of New York. Utra Hih 

Rate 

Fitration Study. Progress ReportNo. 5. USEPA Demonstration Grant No. 
S80327. 

October-November 976.54. Lynard, G. Trip Report; Chicago, Ft. 
Wayne, 

and Syracuse.Screening Facities. 
October 

9, 1975.300 



55. Microstraining and Disinfection of Combined Sewer Over¬fows - 
Phase 

III. Report No. No. 235 77. August 1974.56. Gover, and P. 

Microstraining and 

Disinfecton ofCombned Sewer Overflows. USEPA Report No. 11023EV006/70. 
NTIS No. PB95 674. June 970.57. Glover, G. E. and G. Herbert. 

Microstraining and 

Disinfection 
ofCombined Sewer Overflows Phase II. USEPA Report No. 

EPA-R2-73-124.NTIS No. PB 29 879. anuary 973.58. & Engineers. Nutrent 
Removal Usng Exstng CombinedSewer 

Overfow 
Treatment Facities. USEPA Demonstration Grant No.S-802400. September 

976. Draft Report.59. Charles, Car 0. A. Mathematica Model of 
a Fitration Pant. Storm andCombined 

Sewer 

Section. USEPA, Edison, 197f. 60. Nebosine, R. P. Harvey, and Fan. 
Ultra High Rate FiltrationSystem for Treatment of Combined 

Sewage Overflows. Cor¬poraton, Consuting Engineers. Presented at the 
water PolutionControl Federation Conference. San Francisco, October 

971.6 Nebosine, R. and C. Advanced Polution Contro Technoogy 
forTertary Treatment of Sewage. Hydrotechnic Corporation, 

ConsutingEngineers. 
Presented Before the Annua Meeting of the New York 

waterPoution 
Contro Associaton. USEPA Project No. 7030 January972.62. 

Sheley, P. E. and G. A. Sewer Flow Measurement: A Assessment. USEPA 
Report No. No.PB 250 37. November 975.63. Sheey, P. E. and G. A. 

Kirkpatrick. 
An Assessment of Automatic SewerFlow Sampers - 975. USEPA Report 

No. NTIS No. PB250 987. December 1975.64. R. E a Methodology for 
the Study of Urban 

Storm-Generated 
Polution and Contro. USEPA Report No. NTIS No. PB 258 743. August 

976.65. and Dennis, Demonstraton of Rotary Screeningfor 
Combined 

Sewer Overflows, 

USEPA Report No. 023FDD07/7 NTISNo. PB 206 814. July 97.66. Persona 
Communication. Creek, New York City, New York. HighRate Fitration of 

Combined 
Sewer Overfows. Operation 

of 

as a Devce. November 1976.301 



67. Fed, Design of Cmbined Sewer Overfow Reguator/Concentrator.Journa 
of the Water Pouton Contro Federation. 46:722174Juy 974.68. Suivan, 

R. a1 

The Swir Concentrator as a rit SeparatorDevice. Report No. No. 233 
964. June974.69. Fied, R. I. and P. Determinations for a 

Proto¬type 

Swir Combned Sewer Overfow ids-Separator.Prog. Wat. 8(6):819 Press 977.70. 
and Rotary Vbratory FineScreening of Combined Sewer 

Overfows. USEPA Report No.10234FDD03/70. NTIS No. PB 95 

168. 

June 974.7. Wesh, and Combined Sewer Overflow Treatment 
by theRotating Biologica Contactor Process. USEPA Report 

No. 050. NTIS No. 23 892. June 974.72. R. 

et 

a Biological Treatment of Combined Sewer Overfowat Wisconsn. USEPA Report 
No. NTIS No. PB 242 26. Apri 975.73. P., et a1 Utiization of 

Trickling 
Fiters for Dual-Treatmentof 

Dry and et-Weather Fows. USEPA Report No. NTISNo. PB 23 25. September 
1973.74. Parks, J. An Evaluation of Three Combined Sewer 

OverflowTreatment 
Aternatves. 

USEPA 
Report No. NTIS No.PB 239 5. December 1974.75. Springfeld Sanitary 

District, Springfield, Ilinois. Retention BasinContro of Combined Sewer 
Overfows. USEPA Report No. 

02308/70.NTIS 
No. PB 200 828. August 1970.76. Lagoon Performance and the 

State of Lagoon Technology.USEPA Report No. EPA-R2-73-4. NTIS No. PB 
233 29. June 973.77. E. 

A et a. Urban Treatment Methods. Volume I, Non-Structura Wetand Treatment. 
USEPA Demonstration Grant No. S-802535.Fina Report. 977. At 

Press.78. Eddy, Inc. Land 
Treatment 

of Municpa Tech¬noogy Transfer. USEPA and U.S. Army Corps of 
Engineers. 

In Prepara¬tion.79. P. Effect of a Grass and Soi Fter 

on Urban Runoff:a Preiminary Evaluation. Hydroogy and Water Resources of 
Arizona andthe Volume 3, 972.302 



80. a1 Treatment by Natura and ArtifciaMarshes. Report No. No. 259 
992.September 976.8. Pound, et a1 Costs of Treatment by Land 

Appcaton.USEPA 

Report No. June 975.82. Fied, et a1 In: Proceedings of orkshop on 
icroorgansms 

inUrban USEPA Report No. NTIS No. 

PB263 
030. November 976.83. R. et a New Indicators of Wastewater 

Efficiency. USEPA Report No. NTISNo. PB 334 69. February 1974.84. 
E. Maximum Utiizaton 

of 
Water Resources in a Panned Com¬munty: Bacteria Characteristics of 

in Deveoping RuraAreas. USEPA Research Grant 1976. Draft 
Report.85. 

V. P., et a 
Microorganisms 

in Urban Stormwater. USEPAReport No. 1977. At Press.86. Weber, James 
F. Demonstration of Interim Technques for Reclamation ofPoluted 

USEPA Report No. NTIS No. PB258 92. 1976.87. Lager A. Trip 

Report; Massachusetts Report on the Operation of the Stormwater 
Treatment Demonstration Pro¬ject; and 

Industries, 

Inc., Report - Automatic Storm and DomesticSewage Continuous Fow 
Treatment System, March 26, 974.88. Pontius, R et a nation of Poluted 

Stormwater at 

New Oreans. USEPA Report No. NTIS No. September 1973.89. P. E 
et a. Bench-Scale High-Rate Dsinfection of CombinedSewer Overfows With 

Chorine and Chlorine Dioxide. USEPA Report No. NTIS No. PB 242 296. 
Apri 975.90. A. E S. E. and F. Treatment of 

Com¬bined 

Sewer Overfows via Thin Film Chemistry. Presented at the 48thAnnual 
Conference of the Water Polution Contro Federation, Mam,October 9. 975.9. 

C. K. V. P. 

Oivieri, and K. E. Improvementin Termina Disinfection of Sewage 
Effluents. 

Water and Sewage Works.June 1973.92. Oivieri, V. P. and S. C. 
Experience on the Assay of Mcroorganisms in Urban 

(In: Proceedings of the Workshop on Mcro¬organisms in Stormwater, John 
University.) USEPA Report No.EPA-600/2-76-244. NTIS No. PB 263 030. 
November 976.303 



93. Metcaf Eddy, Inc. Report to Natona Commission on Water uaity 
onAssessment 

of Technoogies and Costs for Pubicy Owned Treatmentorks Under 
Pubic Law 92-500, Voumes I, II, and III. September 975.SECTION 8. 

Metcalf 

Eddy, Inc. Engineering and Management Plan forBoston Harbor-Eastern 
Massachusetts Metropoitan Area. Technica Data.Voume 7, Combined Sewer 

Overfow Reguation. Metropoitan DistrictCommission. November 975.2. 
Camp, Dresser & Report on 

Improvements to the Boston MainDrainage System. City of Boston. 
September 967.3. U.S. Environmenta Protecton Agency 

and Alen and Hamiton Inc.Draft Environmenta Impact Statement Tunne 
Component 

of the Tunne andReservor Pan Proposed by the Metropoitan Sanitary 
District ofreater Chicago; Mainstream Tunne System, 59th Street 

to 
Street. March 976.4. Watt, a1 Sewerage System Monitoring and 

Remote Contro.USEPA 

Report No. NTIS No. 242 07. May 975.5. City of Miwaukee, Wisconsin, 
and and Associates.Detenton Tank for Combined Sewer Overflow, 

Mwaukee, Wsconsn,Demonstration Project. Report No. NoPB 250 427. 
December 975.6. V. and Multi-Purpose Combined Sewer 

OverfowTreatment 
Faciity, Mount Michgan. USEPA Report No. 2-75-010. NTIS 

No. PB 242 94. May 1975.7. 

Frank J et a. Combined Sewer Overflow Abatement Program -Aternative 
Anaysis 

Studies. USEPA Grant No. Y-0054. November 976.Draft Report.8. Frank 
J et a Combined Sewer Overfow 

Abatement 

Program -Network and Water Quality Modeing Studies. USEPA Grant No. 
Y-0054.November 976. Draft Report.9. Frank J et a. Combined Sewer Overflow 

Abatement 

Program -Piot Pant Studies. USEPA Grant No. Y-0054. November 976.Draft 
Report.10. Harod Surge Faciity for Wet and Dry Weather Flow Contro.USEPA 

Report No. NTIS No. PB 

238 905. November 1974.1. Metcaf & Eddy, Inc. Report to the City of 
Michigan, on WasteWater Treatment Facilities and Intercepting 

System. March 

8, 
1967.304 



2. & Eddy, Inc. Report to the City of Michgan, Upon theRecommended Pan 
for Abatng Poution From Combined Sewage Overfows. 9 Q7March 2, 972.3. 

& Eddy, Inc. Saginaw, Mchgan, 

Combned Sewer Overfow Abate¬ment Pan - Preminary Design Report (March 
973), and StreetFaciity Bid Tabuation (September 976).4. City and County 

of San Francisco. Newsetter I, 
ManagementPbic 

Participation Program. San Francisco Management Pro¬gram Overview. 
January 977.5. Department of Pubic works City and County of San 

Francisco, Assistedby Gibert 

& Associates. Overview Facilites Plan, August 1975 -San Francisco Master 
Pan Management. August 975.6. Bureau of Santary Engneering, City and 

County of San Francisco, andWater Resources Engineers, Inc. 

Demonstrate Rea-Time Automatic Controin Combined Sewer Systems Report 
Number 

3. Demonstra¬tion Grant No. S-803743. Apri 977.7. Municipaity of 
Metropoitan Seatte. Maxmizing Storage in CombinedSewer Systems. USEPA 

Report No. 1022EL2/7 NTIS No. 209 

86.December 9718. P. Compter Management of a Combined Sewer System. 
USEPAReport No. NTIS No. PB 235 77. Juy 1974.9. Maximum Utiization of 

water Resources 

in a Panned Communty. Depart¬ment of nvironmenta Science and Engineering, 
Rice Unversity. USEPAResearch Grant No. September 974. 

Draft Report.20. C. New Town Planned Around Environmental Aspects. 
CivilEngineering - September 973.2. what's New in Daas and Texas? Woodands 

- New Town is Panned AroundEcology. Cvil Engneering - 

ASCE. 
March 1977.305 



APPENDIXTabe 

NATIONAL DATA BANKSUMMARY OF DATA - DECEMBER 
976Locton County,FordaSan 



GLOSSARYAerated 

agoon—A natura or artificia treatment agoon (gener¬ay from 4 to 2 
feet deep) n whch mechanica or aerationis used to suppement the oxygen 

suppy.Booica treatment processes—Means 
of 

treatment in which bactera orbiochemica action is intensified to 
stabiize, oxidize, and nitrfy theunstabe organic matter present. Tricking 

fiters, activated sudge pro¬cesses, and lagoons are exampes.BMP—Best Management 
Practices. and ow structuray 

inten¬sive measures for controling poution by attacking the probemat 
its source.Biochemica Oxygen Demand. The quantity of dissoved oxygen used 

bymicroorgansms 

in the biochemica oxidation of organic matter and inorganic matter by 
bioogica action. Generay refers to the standard 5-day BOD test.Combned 

sewageSewage containing both domestic sewage and surface water orstormwater, with 
or without industria 

wastes. Incudes fow in heaviyinfitrated sanitary sewer systems as we as 
combined sewer systems.Combined sewer—A both intercepted surface and 

munic¬ipa sewageCombined sewer overfow—Fow from a combined sewer in 

excess 
of the inter¬ceptor capacity that is discharged into a receiving 

water.COD—Chemca 

Oxygen Demand. The quantity of oxygen required to oxidizeorganic matter in 
the presence of a strong oxidizing agent in an 

acidicmedium. 

Sewer Overfow.Detention—The sowing, dampening, or attenuating of 
fows either enteringthe sewer system or within the sewer system by temporariy 

hoding the wateron surface 

area, in a storage basin, or within the sewer itsef.Disinfecton—The art 
of 

kiing the arger portion of mcroorgansms in oron a substance with the probabiity 
that a pathogenic bacteria are kiedby the agent used.307 



Domestc sewageSewage derived principay from dweings, business buid¬ings, 
institutions, and the ike. It may or may not contain DPD--A method for 

measuring 
chorine doxide, free chorine,and using the indicatorsoution.Dua 

treatmentThose processes or faciities desgned for operating on bothdry- 
and 

wet-weather fows.Dynamic reuator—A semiautomatic or automatic reguator device 
which may ormay not have 

movabe parts that are sensitive to hydrauic conditions attheir ponts of 
instalation and are capabe of adjusting themseves to vari¬ations in such 

conditions or of being adjusted by remote contro to meethydrauic conditons at points 
of instaation or at other points in thetota combined sewer 

system.Equaization—The averaging (or method for averaging) of variations in fowand 
composition of a iquid.First 

fush—The condition, often occurring in storm sewer discharges andcombined 
sewer overfows, in which 

a disproportionatey high oadis carried in the first portion of the 
dscharge 

or overfow.F/--Food to Microorganism Ratio. Cacuated as the rate of BOD 
oading inkg per day divided by the kg of mixed iquor 

suspended 

soidsunder aeration in the contact tank ony.Inftrated mnicipa sewage—That 
fow in a sanitary sewer resuting from acombination of municipa sewage 

and excessive voumes of 
infitration/nflowresuting 

from precipitation.Infiltraton—The water entering a sewer system 
and service connections fromthe ground through such means as, but not imited 

to, defective pipes, 
pipejoints 

connectons, or manhoe was. Infitration does not incude and isdstinguished 
from. infow.Inftration ratioThe ratio of rainfa voume entering the sewers 

to thetota rainfa voume.Infow—The water discharged into a sewer system and 

service connectionsfrom 
such 

sources as, but not limited to, roof eaders, cear, yard» andarea drains, 
foundation drains, 

cooing water discharges, drans fromsprings and swampy areas, manhoe covers, 
cross connections from stormsewers and combned sewers catch basins, 

surface street wash waters, or drainage. Infow does not incude, and 
is 

distin¬guished from, infitration.tentithin the physica confines of 
the sewer pipe network.308 



Intercepted surface rnoff--Tat porton of surface runoff that enters asewer 
either storm or combined, directly through inlets etc.InterceptorA 

sewer 

that receives dry-weather fow from a number of trans¬verse combined sewers 
and additiona predetermined quantites of interceptedsurface runoff and 

conveys such waters to a pont for treatment.Intermittent pont 

sourceAny 
discernibe, confined, and discrete conveyancefrom which poutants are 

or 
may be discharged on a basis.Municipa sewage—Sewage from a community 

which may be composed of domestcsewage, industria wastes, or both. sourceAny 
and conveyance from which 

pou¬tants 
are or may be discharged. urban runoff--That part of the precipitation 

which runs off thesurface of 

an urban drainage area and reaches a stream or other body ofwater without 
passing through a sewer system.Overflow—( The fow discharging from a 

sewer resuting from combinedsewage, storm or 

extraneous fows and normal fows that eceedthe sewer capacity. (2) The 
ocation at which such fows eave the sewer.Oxdation pondA basin (generay 2 to 

6 feet deep) used for retention of before fina disposa, in which 
bioogica 

oxidation of organicmatter is effected by natural or artificiay 
acceerated 

transfer of oxygento the water from air.Physical-chemical treatment 
processes—Means of treatment in which theremova of poutants is brought about 

primariy by chemica 

carificationin conjunction with physica processes. The process string 
generayincudes preiminary treatment, chemical carification, fitration, 

carbonadsorption, and disinfection.Physica treatment operations—Means of 
treatment in which the appication ofphysica forces predominates. Screening, 

sedimentation, fotation and 

fi¬tration are exampes. Physica treatment operations may or may not 
incudechemica 

additions.Point source—Any discernibe, confined, and discrete conveyance 
from whichpolutants are or may be discharged.PoutantAny harmfu or 

objectionabe materia 
in 

or change in physicacharacteristic of water or sewage. remova of materia 
such as gross solids, grit, 

grease.and 

scum from sewage fows prior to physca, bioogica, or physca-chemica 
treatment processes to improve 

mayincude screening, grit remova, skimming, and 309 



ReuatorA structure whch contros the amount of sewage entering an inter¬ceptor 
by storing in a trunk ine or diverting some portion of the fow toan 

outfa.Retenton—The 

prevention of runoff from entering the sewer system by storingon a surface 
area or in a storage basin.Santary 

sewerA 
sewer that carries iquid and water-carried wastes fromresdences 

commercia buidings, industria pants and institutions,together with reatvey 
ow quanttes of ground, storm, and surface watersthat are not admitted 

intentionay. Conservation Service.Sewer 

A pipe or conduit generay 
cosed, 

but normay not fowing fu, forcarryng sewage or other waste iquids.SewerageSystem 
of piping, with appurtenances, 

for 
coectng and conveying from source to dscharge.Specific Gravity.Static 

reguator—A reguator device which has no 

moving parts or has 

movabeparts which are insensitive to hydrauc condtions at the point of 
instaa¬tion 

and which are not capabe of adjusting themseves to meet varying fowor 
ve 

conditons in the reguator-overfow structure.Storm fow—Overland fow, sewer 
fow, or receiving stream fow causedtotay or partiay by 

surface or Storm sewer—A sewer that carries intercepted surface runoff, 
street wash andother wash waters, or drainage, 

but excudes domestic sewage and industriawastes.Storm sewer dischargeFow from 
a storm sewer that is discharged into arecevng water.Water resutng from 

precipitation 

which either percoates intothe soi runs off freey from the surface, 
or is captured 

by storm sewer,combined sewer, and to a imited degree sanitary sewer 
facities.•urcharge—The fow condton occurring in cosed conduits when the 

hydrauicgrade line is above the crown of the sewer.Surface 
runoff-Precptation 

that fals onto the surfaces of roots, streets,ground, etc., and is not 
absorbed or retained by that surface, 

thereby 

co¬ecting and running off.Tricking fiter—A fiter consistng of an artifcia 
bed of coarse mate¬ria such as broken stone cnkers, sate, sats, brush, or 

pastcmaterias over whch 

sewage is dstrbuted or appied n drops, fims, orspray from troughs, moving 
distributors, or fixed nozzes, and310 



through whch it trickes to the giving opportunity for theformaton of 
slimes hch carfy and oxidie the sewage.Urban runoff--Surface from 

an urban drainage area that reaches astream or other body of water or a 
seer.astewater-Te spent water of 

community. 
See Municipa Sewage andCombined Sewage.3 
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