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Abstract

Heavyrelianceon high-costconventionalsewers

has produced inadequatesanitation service

coveragein manyurbanareas.In therecentpast,

low-cost, on-site systemshave beengaining

increa.sedacceptanceas alternatives;however,

in areaswherehousingdensitiesandlevels of

waterconsumptionarehigh,waterbornesolutions

are required. In an effort to reducc theeestof

seweredsystems,acritical reviewof thebasisof

the conventional design standardshas been

carriedout in Brazil. The result has beenthe

developmentof a modified approachfor sewer

design basedon hydraulic theory, satisfactory

experienceelsewhere, and redefinition of
acceptablerisk. Systemsdesignedaccordingto

thesenew criteria are known as “simplified

sewers.”They operateas conventionalsewers

butwith anumberofmodifications:theminimum

diameterand theminimum coverare reduced,

the slope is determined by using the tractive

force conceptratherthan theminimumvelociry

concept,sewersare installed below sidewalks

wherepossible,and manycostly manholesare

eliminated or replaced with less-expensive

cleanouts. Expenencewith these systemshas

shown that cost savings of 20 percent to

50 percenthavebeenachieved.Operationand

maintenancerequirementshavebeensimilar to

conventionalsewers.
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1. Introduction

1.1 Background
Theunprecedentedpopulationexplosionin ur-
ban centersduring the past two decadeshas

severelystrainedtheability of citiesto meetthe

needs for servicessuch as water supply and

wastesdisposal.Aslocalgovernmentshavetried

to copewith insufficientresources,their efforts

haveachievedmixed success.In planning for

additional services,priority hasgenerallybeen

given to the high-incomeareaswhere ftill or

partialcostrecoverywasconsideredfeasible,and

poorersectionswereoftenleft unservedorwere

servedby woefully inadequatefacilities.

Further,in low-incomeareaswheresomeservice

has beenextended,plannersand usershave

alwaysgiven ahigherprioriry to water supply

than to sanitation.1Unevenexpansionof water

coveragewithout parallelimprovementin sani-

tationhasincreasedwaterpollution andcaused

public healthproblems. In trying to correctthe

imbalancebetweenwatersupplyandsanitation

coverage,citiesfaceseverefinancialhardshipsin

both buildingnewsewersystemsandextending

existingones.

In manycities,partsof seweragesystemsbuilt in
the past either remainincomplete becauseof

costoverrunsorareunderutilizedbecauseof the

n±matchberweensupply and demand.This

affectsfinancialviability andsustainabilityofthe

fewsystemsthatarebuik. Consequently,many

plansfor neededfacilitieshavebeenpostponed

indefinitely.

Oneof themain reasonsfor this typically acute

siruation is the useof conventionalsewerage

systems.Theyareexpensiveevenibrindustrial-

izedcountries.2To ensurethatrawsewageflows

freely, conventionalsewersaredesignedwith

large-diameterpipesatslopesthatoftenrequire

extensiveexcawtion.Flat terrain
1high ground-

watertable,manholes,otherappurtenances,and

pumpingstationsalsoincreaseconstructioncosts.

It is dearthatexclusiverelianceonconventional

seweragecanriotsolvethecurrentpredicament

of increasingneedsand dwindling resources.

Recognrzingthemagnitudeoftheproblem,sec-

torinstitutionshavebeguninvestigatingtheuse

of alternativetechnologies.Much of this work

hasbeendirectedat on-sitesystems,and the

ventilated improved pit (VIP) and pour-flush

latrineshaveemergedastechnologiesofchoice:

they provide good service at reasonablecost.

However,in manysituations—forexample,high

housingdensity,impermeablesoil,orhighwater

consurnption—on-sitesystemsarenotappropri-

ate.Under thosecircumstances,seweredalter-

nativesto conventionalsewersareneeded.

1. It wasestimatedthatin 1985,66percentof urbandwellersin developingcountrieshadaccessto water,but oniy3S
percentwereservedby sanitaryfacihties(WHO 1988).

2. Evenin prosperousnations,seriouseffortsaremadeto fmdalternativesewageconveyancesystemsin orderto reduce
thecostaof sanitationsystems(Kreissl 1987).
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1 .2 Unconventional
Alternatives:
1 ntermed i ate-Cost
Sewerage

Attempts at developinglower-costaltematives

usually fbcuson elementsin seweragesystems

thatmostinfluencecosta.Among suchkeycost

factors are the averagediameterand average

depthof sewers;averagesloperelativeto ground

topography;the number and depthsof man-

holes;andotherfactorssuchastotalsewerlength,

populationdensity,set-upcosta,andexcavation

in rock.Consequently,sewercost-reducingmea-
sureshaveinvariablybeendirectedatmodifying

oneormoreofthesecost-settingfactors.

Theresultingrangeof technologicaloptions3is

collectively known as intermediate-costsewer-

age or intermediate-eostsanitation systems.

Therearetwo typesof intermediate-costsewer-

age:thosethatarisefrom changesm technology

andthosebasedonchangesin designstandards

andguidelines.4

Changesin technology:A numberof innova-

tions havebeenmadein the designof sewer

systemsthroughspecialancillaryappurtenances

thatpermitareductionin thedepthsanddiam-

etersof sewers.An exampleis theadditionof a

solids interceptortank betweenhousesewers

andlaterals.Thetankcapruresandstoresincom-

ing solids, attenuatesthe flow, and aliows the

settied sewageto flow out by gravity. The ab-

senceofsettleablesolidseliminatestheneedfor

self-cleansingvelocitiesandpermits flatter gra-

dientsandshallowerdepths;theattenuationof

flow reducesthepeakflow factor andmakesit

possibleto usesmall-diametersewerslaidatmild

gradientsthatrequirelessexeavation.Firstused

in Zambia and Australia, this modification of

conventionalsewerageis known as solids-free

sewers,common eifluent sewerage,or small-

diametergmvity sewersystems(USEPA1986).

Aïiother example is the septic tank effluent

pump(STEP) seweragesystem,similar to the

solids-freesewersystemexceptthat thesettled

effluentis pumpedout into thesewernetworlç

this permits frirther reductionin pipe sizeand

slope. Other examplesare the grinder pump

seweragewhere wastewateris ground and

pumpedinto the sewerline, and thevacuum

seweragesystem.It shouldbe notedthat these

various solutionsare location-specificand de-

pendheavilyon populationdensitiesandavail-

ability ofstrongresourcesfor maintenance.Most

of themareonly suitablefor populationsup to

10,000.A thôroughreview of experiencewith

thesesystemshasbeenthesubjectof arecent

publication from the United StatesEnviron-

mentalProtectionAgency(1991).

Changesin designstandardsandguideilnes:

Sincethemostcostlycomponentofconventional

sewerageis the collecting system—accountmg

for 80—90percentofthetotalcost(Kreissl1987)—

designcriteria and standardscan be careftilly

modified to achievecostsavingsfrom theuseof

shallowerdepths,smallerpipediameters,fewer

appurtenances,ere.Suchmodiflcationshavebeen

introducedwithoutjeopardizingthe reliability

andsafetyof thesystem.

3. Thetechnologiesdiscussedinthis sectionareall self-cleaningsystems.An irinovativeapproachadvocatedin the
Netherlands,however,questionstheself-cleansingvelocitymethod. This newapproachexaminesthetrade-off
betweeninstallationandmaintenancecosts,andcompareslife-cyclecostaof sewers(combinedconstructionand
operacioncosta)for variousslopesandsizesandselectingslopescorrespondingto thelowesttotal (DHV 1990).

4. Anotherapproachthatwouldaffect thesizeandcoatof thesewernerworkis theuseofwater-savingdeviees.This
approachcouldbeadoptedwith anyoneoftheintermediatetechnologiesandis undoubedlybeneficial:it reduees
theever-inereasingeostofwaterproduetionandsaveson theconstruetionofnewextensionsofseweragesystems.
Forexample,it is estimatedthattheuseofalow-volumeflushtoilet(4—5 litersperflushratherthan18—20liters)would
redueetheamountofwaterconsumed—andtheamountofwaterdischargedinto thesewer—by20 percent.It is
alsoworthnotingthatareductioninwaterconsumptioncanalsobeaehievedby pricingandlegislativemeehanisms.
Thelatterhasbeenusedin theUnitedStateswhereeffeetiveJanuary1994,low volumeflushtoilers(notexeeeding
1.6 IJSgallons perflush)aremandatoryin new installations. -
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Changesin designstandardsto produeelower-

cost seweragehave beenbasedon hydraulic

theory, advaneesin teehnology, satisfactory

experience,andaceeptablerisk. Oneexampleis

“flat-gradesewerage”in usefor some80yearsin

Nebraska(Gidley 1987). Basedon changesin

designstandardsaffectingonly the minimum

diametersand minimum slopes, its use in

Nebraska’sflat terrain and high groundwater

table produeessignifleanteost savingsduring

construction(savingthe coatof deepersewers,

deepermanholes, dewateringduring sewer

laying,andpumpmgstations),andfurthersavings

duringoperation(savipgsin pumpingcostaand

in themaintenaneeof pumpingstations).

A similar system,known as “modified conven-

tional gravity system,” hasbeenintrodueedin

Australia(AWRC 1988)andincludesmodiflea-

tions suehas reductionof minimum coverre-

quirements,useof PVC pipes,useof 100-mm

diametersewers,revisionof trenehdimensions

atshallowdepths,inereasedseparationbetween

manholes,andincreaseduseofinspectionshafts.

Themostextensivechangesin designstandards,

however, havebeencarried out in Brazil and
have resulted in a system called “simplifled

sewerage,”thesubjeetof this paper.

1 .3 Objectives
This reportpresentsdesignguidelinesusedfor

simplifled sewers.It is basedon information

colleetedfromanumberof projeetsin Braziland

through diseussionsheld with thestaff of the

statewatercompaniesof SaoPaulo(SABESP)

andParana(SANEPAIt). Additional datafrom

theliteratureandotherareasarealsopresented.

This report is not iritendedto serveas a design

manual.It deseribesehangesin designcriteria

thathavebeenintroducedin Brazilandfoundto

poseno signifleantthreatto theoperationalin-

tegnty of sewer’systems. In addition to pro-

viding an insighr into thedevelopmentof this

newdesignapproach,the reporn

e reviewsthemodificanonsintroducedto conven-

tional designstandardsandpresentsthe argu-

mentsandrationalefor themodifleations;

~ evaluatesoperationalexperieneefrom seleeted

projeets;and

~ evaluatestheeost-savingpotentialof themodi-

fled system.
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The prineipal reasonfor the developmentof

simplifled seweragewastherealizationthatthe

reasonfor thehighcoatofconventionalsewerage

washigh designstandards,andthat thesestan-

dardswere hinderingthe expansionof service

eoverageto middie- and lower-ineomeurban

eomrnunities;this ledto areviewof designcrite-

ria used in Brazil for eonventionalsewerage

(Azevedo-Netto1975, 1984; Diniz 1983).

Thereview showedthat the prevailingdesign

criteriawereverysirmlar to (andin somecases

evenmorestringentthan) thoseusedby George

WaringJr.in hisdesignofthefirst separatesewer

systemin the UnitedStatesin 1880.

The 1880 sewersystemwas designedto carry

peakflows attheminimumveloeityof 0.60mis.

Waring had arguedthat if that veloeicy were

reaehedat leastoncea day, thesystemwould
performwithout problems.Toensurecomplete

removalofdeposits,flushtankswereinstalledat

the headof eachsewerline. Ventilation was

providedthroughopengratesonmanholesspaced

at least300 m (1,000ft) apart.Waring’s system

did notwork verywell: frequentobstruetionsin

the 100-min and 150-rnmpipeswere reported

(MetcalfandEddy1928).Thereviewalsonoted
thatmostofthesecriteriaandappurtenaneeshad

survivedintaetorhadbeeomemoreconservative

in Brazil and elsewhere,with very few exeep-

tions—theflushtanksandtheopen-~ateman-

holes disappearedlong ago. The idea of self-

eleansmgsewershadbeeometheeentraldesign

eriterion,andaminimumveloeityof 0.6mJswas

setas thedesignparameter.Theeestof sewer

systemsbasedon eentury-oldcriteria was too

high for many eities, and engineersin Brazil

quesrionedtheappropriatenessofsuchsystems

in their eities.

The ensuingeritieal review led to sweeping

ehangesin conventionalsewerdesignsrandards.

The changeswerebasedon flndings of recent

researchin hydraulies,satisfaetoryexperienee,

andredundaney.Theuseofthesenewstandards

has produeeda lower-eost system that uses

smaller,flatrer, andshallowersewerswith fewer,

simpler manholes.

The following sectiondiseussesthe distmetive

featuresof simplifled sewerageandthesupport-

ingrationalebehindehangesin designstandards.

Thissystemofsewerdesignhasbeenadoptedby

anumberofstatewaterandseweragecompanies

in Brazil and has beenineorporatedinto the

BrazilianSewerCode(ABNT 1988). It hasalso
beenusedin Bolivia, Colombia,andParaguay.

2. System DesCription:
Origin and Development 0

00
0)
3
CD

1’,

(5

(0

5





3.1 Layout
To avoiddeepexcavations,long trunkpipes to

intereeptors,andlargepumpingstations,serious

considerationis given to splitting thenetwork

into two or more separatesmaller systems;al-

thoughnerworklayoutisalsoanimportantpartof

conventionaldesign,the optimizarionof pipe

lengthsandnetworksubdivisionstakesoneven

greaterimportancein thesimplifled sysrem.

Where feasible, a project area is defined by

individual drainagebasins,eachwirh its own

colleetorsand treatmentplant. As needsand

resoureesinerease,mini-networksean be con-

nectedto acommonintereeptorfor eonveyance

to aregionalplantor local treatmentsystem.5

Furthermore,to minimize exeavationand the

eastof pavementrestoration,sewersare,to the

extentpossible,loeatedawayfrom rrafflc loads,

generallyunderthesidewaiks(onboth sidesof

the street, if necessary)rather than down the

eenterofthestreet.To savepipeandexeavation
costa,sewersextendonly to thelast upstream

connectionratherthan to theendof thebloek

(Figure3.1).

3.2 Hydraulics
3.2.1 Design period

In eonventionaldesign,it is eommonto design

trunksewersandintereeptorsfor theprojeeted

peakflow expeeredduring a25 to 50-yearpe-

riod or for thesaturationpopulationof thearea.

Sueh long designperiods make it possibleto

eaptureeeonomiesofsealein seweragesystems.

However,thesehaveto be balaneedagainstthe

opportuniryeastof eapital,uncertaintiesin pre-

dicting future land-usepatternsor directionsof

growrhin developing-countrycities,andthehigh
eostofmaintainmglargesewerswith low flows.

The useof shorterdesignperiods avoidssueh

problemsandredueesthe largeeapitalrequire-

mentsin seweragesystems,facilitatesflnaneing,

andenhancesprospeetsof aehievinggrearercov-

erage with a given investment.With shorter

designperiodsandeonstructionbyphases,start-

ing from upsrreamends,theeffeetsof errorsin

foreeastingpopulariongrowth and their water

eonsumptioncanbe minimized and eorreeted.

Forthesereasons,simplified sewerageemploys

designperiodsof 20 yearsor less.In this regard,

it is noteworthythattheUSEPAlirnitsthedesign

periodto 10—15 years(ASCE 1982).

3.2.2 Design flow

Wastewaterflow quantitiesareneeessarilylower

than the quantity of watersupplied because

water is lost throughleakage,gardenwatering,

housecleanmg,ere.To determinetheexpeeted

amountof wastewater,it is important to keep

recordsofpumpageforeachdayandfluctuations

duringtheday.

Relianeeonestimatesofwaterinc fromindustri-

alizedeountriesorcitiesofsimilareharaeteristics
ean leadto erroneousdesignflows. Information

shouldbeobtainedfrom theareaundereonsid-

eration. In andareasof the United States,for

example,therewrncoeffieientis aslittie as0.4;

in SaoPaulo,this eoeffieientis 0.8. The design

flow is basedonthisreturnedquantitymultiplied

by apeakfactor, whieh is inverselyrelated to

popularionsize.

5. To trearits wastewater, thecity ofJuizdeFora(population400,000)in thestateofMmasGeraisplansto build 57
communalseptictankswith anaerobicfiltersand17 upflowanaerobicsludgeblanketsystemsatatotalestirnatedcost
of$18million. Thecoatof acenrralconvenrionaltreatmentplantandthenecessaryinterceptorswasestirnatedat
$75 million.

3. Design Criteria
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In indusrrializedeountries,the
peakfactoris eonservativelyes-

tiniated to be between2.0 and

3.3. In Brazil and Colombia,a

peakfactorof 1.8 hasbeenused

in simplifledsewerageprojecrs6

(seeAnnex 1). Wherewateruse

informationis notavailable,the

simplifled seweragesystem is
designedfor aminimumflowof

1.5 1/s; inflltration is assumedto

be0.05—1.0 l/s/km of pipe.

3.2.3 Minimum diameter

A minimum diameterfor sani-

tary sewersis usually speerfied

in order to avoid clogging by

large objects. In conventional

systemsin the United States,

the houseeonnectionsareusu-

ally 150 mm in diameter,but

smaller sizes havebeenused.

Therefore,forconventionalsew-

erage,the minimum diameter

commonly speeifiedfor street

sewers in many countries is

200 mm. In thesimplified sys-

tem, smaller sizes are recom-

mendedbecause,in theupper

reaehesof asystemwhereflow is low, theinc of

smaller-diametersewersresultsin greaterdepths

offlow andhighervelocities,andimprovescleans-

ing. Experiencein LatinAmerieaandelsewhere

(e.g., Nebraska)showsthat 150-mmdiameter

streetsewersdo notpresentadditional mainte-

nanceproblemseomparedto conventionalsew-

enge. In Brazil, 100-mm diameter lateralsor

btanehsewersarebeingusedin residentialareas

for a maximumlength of 400 m. The 1 00-mm

diameterpipesareusuallyspecifiedfor unpaved

streetsof periurbancommunities.7

3.2.4 Ensuring self-cleansing

Insteadof the minimum velocity eriterion of

0.6 mis asin conventionalsewerdesign,simpli-

fled sewer design is basedon maintaining a

boundary shearstressof 0.1 kg/m2, which is

sufficientto resuspenda1-mmparticleof sand.

Manyauthors(Machado1985;Paintal1977;Yao

1974, 1976) haveproposedthe useof eritieal

shearstressfor determiningtheminimum slope

of sewers as a economicalaltemnativeto the

minimum veloeity approach.For a minimum

shearstressof 0.1 kgfm2, pipes smaller than

1,050 mm eanbe madeflatter than when de-
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Figure 3.1. Typical Iayout ofsimplifled sewer system (SABESP)

6. This factoris theproductoftwo ratios: (a)K
1, theratio of themaximumdayflow overtheaveragedayflow (equal

to 1.2),and(b) 1(7, themaximumhourflow overtheaveragehourflow (equalto 1.5). In otherwords, themaximum
sewageflow will be thehourlymaximum,orthepeakraceof themaximumday(plus themaximuminfiltration).
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signedaccordingto the minimum-velocity ap-

proach,andpipeslargerthan1,050mmshouldbe

madesteeperto maintainselfcleansing.In Bra-
zil, for designofsimplified sewers,thefollowing

equationis used:

= 0.0055Q~°47

whcreI,,,~is theminimum slopeofthesewerand
Q

1 is the initial flow in ijs (current flow). For

derivation and use of this equation, refer to

Annex 2; to comparethe advantagesof this

methodovertheconventionalminimumveloc-

ity method,seeAnnex3.

3.3 Service Con nection
In thesimplified design,a60-emsquareor circu-
lat connection(or inspection)box is placedbe-

tween the building and the service line. All

sewersordrainsfromthehouseorbuildingenter

thebox.It is usually locatedunderthesidewalk

in the public right of way (Figures3.2a, 3.2b,

3.2c). A simpler cleanoutcouldbe substituted
(Figure3.3).

In certainareasof SaoPaulo,whercthe risk of

obstructionis behevedto behig~(e.g., in corn-

mercialestablishments),baffiedboxeshavebeen

addeddownstreamof cachbuilding sewer(Fig-

ures3.4a,3.4b),iii additionto theconnectionor

inspectionbox.Baffiedboxesareiisually60 cm

x 60 cmx80 cmconcreteboxeswith underfiow
baffie locatedapproximately60 cm from the

inlet.Theirpurposeis to preventtrashandother

largesettleablesolids from enteringthesewer.

Their maintenanceis usually the responsibility

of thehomeowner.

3.4 Depth of Sewers
At the starting pciint of lateralsthe minimum

depthat whichpipesarelaid shouldsuffice to

(a) makehouseconneccionsand(b)haveaIayer

7. Although themostcommonlyrecoromendedminimumdiameterfor conveOtlona[systemsin theUnited Statesis
200 mm,anumberofstatesandothercountriessuchasFranceandtheUnitedKingdom haveadopredtheminimum
sizeof 150 mm. However,if chereis evidencethat thesmallerpipeswould add to operationalproblems,it would
bemore economicalto installthenext-largersizeandavoidreperitiveservicinganduserdissatisfaction.
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Figure 3.2a. Connection-inspection box (Sao Paulo State, Brazi)
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Figure 3.2b. Interior of connection-inspection box (Sao Paulo State, Brazil)

Figure 3.2c. Interior of connection-inspection box (Sao Paulo State, Brazil)
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of soil overtheerownto proteetthepipeagainst

structumaldamagefromextemnalloadsandfrost.

In conventionaldesign,thereis no onemethod

for determiningtheminimum depthof sewemas

long it satisfies the above criteria. However,

somemiesof thumbsuggestthat(1) the top of
the sanitarysewershouldnot be lessthan 1 m

below the basementand(2) where themeis no

basement,theinvertofthesanitarysewemshould

not be less than 1.8 m below the top of the

foundation.

In thesimplifledsystem,typical minimumsewem

depthsaremuchshallower:0.65 m belowside-

walks,0.95—1.50m belowresidentialstreets(de-

pendingonthedistancefromthestreetcenterhne

and the amountof tmafflc), and 2.5 m below

heavily traveledstreets8(Figure 3.5). Building

elevationsarenotconsideredin settmgtheinvert

elevationof the sewers.1f buiidings alongthe

mainsaretoolow for eonnectionsby gravity, it is

theresponsibilityof thepmopertyownerto flnd

other meansof making a eonnection.In cases

wheretopographypemmits,it maybeneeessary

to usea longer buiiding sewerto be able to

conneetto aserviceline, providedeasementscan

beobtainedfromtheneighbomingowners(Fig-

ure3.6). In this context, it is noteworthythatthe

Brazilian Code disaliows direct connectionof

fixrures installedbelowthestreetlevel.

3.5 Manholes and
Other
Appu rtenances

Manholesarean expensivecomponent.They
arenow amongthemost fasmliarfeatumesof a

sewemsystem,but theywerenotwideiy usedin

8. Thedeterminationof theminimumdepthshouldsolI bemadewith regardto live andimpactloads,pipematerial
(3-edgebearingsrrength),andbeddingclass(ASCE/WPCF1982). Theminimum de

1ithofsewersproposedfor the
modifiedsystem(0.9m cover)wouldbeamplefor a600-mmextra-strengthday pipe(ASTMC 700)with 4,400lb/
Fr three-edgebeanngstrengrhunderthe10.000-1bweightof atruckwheelandwith saturatedtopsoilbaekfilland
class-Cbedding(compaeredgranularhedding). Therefore,the deprhof thesewerwould not bedictatedby a
predeterminedcriterionbutby thepipe,bedding,andbaekfill types.Projec~lesignerscouldalsolook into theeost
effectivenessof deeperexcavationscompamedto theuseof higher-strengthmaterialsin shallowertrenehes.

—

Figure 3.4b. Typical baffied box (Sao Paulo State, Brazil)
--.-- .-
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earlysewers.They eameinto wide

usewith combinedsystemswhere

theyfacilitatedremovalofgnt.The

criteriafor manholeusehavegradu-

ally beeomemoreconservativeand

havecontributedsigniflcantlyto the

high costof sewerage.The cost of

manholesisafuncr.ionofdepth,spae-

ing, andstrengthof design.Theuse

ofshallowerdepthsis onewayto

reducethesecosta.

Earlysewersystemsusedsimple

appurtenancessuchaslampholes.

Some variationsof theseearlier

systemsarebeing remtroduced

in Brazil, for example,theinspec-

tion tube (Figure 3.7) and the

terminal eleanout(Figure 3.8).

The former is similar to the old

lamphole,andthelatterreplaces

manholesattheupstreamendsofsewer

lines.

The presentrequirementof placing

manholesabout100m apartwasintro-
ducedwhensewerswereeleanedwith

rods and canes.The useof modern

cleaningequipmentcallsfor areviewof

manholelocation and spaeingguide-

lines.

STREET

In eonventionalsystems,manholesare

generallylocatedat (i) theupperends

of all laterals,(ii) ehangesin direction

andslope, (iii) pipejunetions, exeept

building connections,and(iv) at inter-

valsnotgreaterthan100m for pipesup

to 600 mm diameter,andat lessthan 120m

for sewersbetween700 mm and1,200 mm
diameter.In the United Kingdom the dis-

taneebetweenmanholeshasbeenehanged

from 110 m to 180 m (Escritt andHaworth

1984);however,fortheCairosewerageproject
in the late 1970sas littie as 35 m between

manholeswasproposedfor sewerslessthan
250mm(Taylor& Sons,Binnie andPartners

1977).

In light of experieneein Brazil, thesimplified

systemis designedwith these guidelmes:

Skoo(
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Figure 3.5. Minimum depths ofsewers (SAB -
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Figure 3.6. Schematic of cross-block connection

Figure 3.7. Junction inspect/on-cleanout

Figure 3.8. Terminal cleanout (SABESP)
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Wherepossible,conventionalmanholes

arereplacedwith“simplifled” manholes,

cleanouts,or buried boxes,and man-

holesareusedonly at majorjunctions.

Simplifledmanholes(Figures3.9a,3.9b)

are similar to conventionalmanholes,

buttheyaremedueedin sizefrom 1.5 m

to 0.6—0.9 m diameter.The needfor

maintenaneepemsonnelto enter the

manholesis eliminatedby theshallower

depthsand the availability of modern

hydrauliccleaningequipmenrzfor small

sewers,andwhereinfiltration is not a

majom concern,manholescan be built

with preeastconcretepipesorconcrete

rings with precastslabsandbottoms.

e Manholesat changesof direetion or slopeare

replacedby simpleundergroundboxesorcham-

bers(Figures3.lOa,3.lOb);

Houseeonneetionsareadjustedto serveas in-

speetiondevicesaswell; asmallboxis built under

thewalkway andconnectedto thesewerwith a

curveof 45 degreesanda‘T’ (theeleaningrod

is introducedthroughthis box).

Theseguidelines for the designof manholes

considerablylowerthecostsof thesystem,espe-

cially sineeup to 90 percentof manholesare

neveropened.In 1881Waringwrote,“Itseems

to medecidedlyadvantageousto useinspeetion

pipes,om evenlampholeson 6-inch and8-inch

sewers,ratherthanbuild manholesandinspee-

tion ehambers”(USEPA 1986).

Therearesituations,however,wheremanholes

should not be eliminated:(i) verydeepsewers

(morethan3m), (ii)slopessmallerthanrequired,

(iii) sewerswith drops,and (iv) points of con-

nectionsfrom eertaincommereialandindustrial

establishments,i.e., pointsofsamplingandflow
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Figure 3. 9a. Coniparison of conventional andsimplified
manholes
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14 Figure 3.9b. Interior of simplifledmanhole (Sao Paulo State, Brazil)



measurements.Guidelinesformanholereplace-

mentaresummarizedinTable 1.

3.6 Materials
The typesof pipe materialsusedin simplifled

sewemagearesimilar to thoseusedin conven-

tional sewers.Thosemost frequently used in

Brazil for simplifled seweragearevitrifled day,
asbestoscement,andpolyvinyl chioride (PVC)

pipes.Thevitrifled daypipes,generally90 cm

long, areconsidemedidealfor sewersdueto their

durability and resistanceto comrosion.These

pipesare,however,especiallysuitablewhenthe

watertableislow.On theotherhand,PVCpipes

offer theadvantageof longersizes,fewemjoints
(i.e., less infiltration), light weight, watertight-
ness,anduniformity.

Mortar is commonlyusedfor vitrified daypipe

joints.Howevem,SANEPARalsousesokumand
asphalt.Rubbemgasketjointsarecommonlyused
with plasticandflberconcretepipe.
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Figure 3.1 Oa. Buriedbox for change in direction
(SABESP) 15



E

g

Lf)

w

Figure 3.1Ob. Buried box for change in slope (SABESP)

Table 1: SomeSimplifiedAlternatives to Conventional Manholes

Starting point of asewer Solutlon Inspection & cleaning terminal

Long straight sewer Intermediate inspection tube

Ho~zontaIcurve of 90 Two separate 45-degree
degrees curves

Service connection Y branch and one 45-degree
curve

Change of diameter Underground concrete box

Change of slope Underground concrete box

Situation

~

oI~ck.

Con~.t.S1.b
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4.1 Operational
Problems

Simplifled seweragesystemswerefirst adopted

in Brazil in early 1980s(SaoPaulo9andParana)

andhavesubsequentlybeenapplied in other

partsofLatin America.Althoughspecificdataon

operationalpmoblemsarenotreadilyavailable,it

isknownthatnosignificantproblemshavebeen
reported.In SaoPaulo,it hasbeenestirnatedthat

themeareabout75 obstructionsper 1,000 krfi of
sewerseachmonth. (Furtherdatacolleetionin
thisareais undemconsideration.)Theinfrequent

occurrenceof obstruetionsupportsthestrategy
of minimizing the numberof manholes.Engi-
neenin SABESPreckonthat it would be eco-

nomical to mstallonly a few manholesinitially
and install additional ones as needed(i.e., at

pointsof frequentobstructions).

Similarly, fleld surveyshavereportedno prob-

lemsrelatedto exeesshydrogensulfldegenera-
tion. Althoughno measurementor monitoring

hasbeenindicated,thedesignershouldcaleulate
the potentialfor sulfide coneentrationin anew

system.

4.2 Maintenance
Requ i rements

Pmeventivemaintenanceeonsistsofinspectionof

thesystemandanalysisofex.istmgdataregamding

pasthistoryoftroubleareas,whiehgivesmainte-
naneeerewssomeguidancewhemeandhowoften

preventivemaintenanceshould be performed

and the type of maintenaneethat would be
effeetive.Therequirementsforpreventivemain-

tenancearesimilar to thoseof a eonventional

system.Minimum maintenaneeinciudesclean-

ing, flushing, repaims,andsupervisionof connee-

tions anddiseonneetions(WPCF 1985). To be

effeetive,the programshould,at theveryleast,

inelude:

determinationof the types of problemsand
trouble areaswith a closedcircuit camera,by

visual surfaee,om by directinspection,and by
keepingan informationdatabase;

promptremovalof anyaccumulationof fbreign

material,and

occasionalflushingof thesewerlines.

4.3 Equipment
Therearedifferenttypesofeleaningequipment
andmethodsanageneycouldselectdepending

on budget,facilities, andtheexperieneeof the

staff. A surveyof simplified systemsin Brazil

showsthattheeleaningdevieesmostcommonly

usedareroddingmachinesandflushingequip-

ment, useof the latter is increasingrapidly.

4. Operational experience
~0
0

00
0)

‘2
70
ID

9. As of 1988,inSaoPauloStatealonethis teehnologyhasbeenadoptedin26 eities. Planstoadoptit arebeingmade
for atkast36 other~ities.

17





5. Costs

5.1 Capital Costs
Simplified sewershavebeenshownto costsig-

nificantlylessthanconventionalsystems.In many

places,cost savingsof from 20 percentto 50
percenthavebeenreported.In theStateof Sao

Paulo, Brazil, the first projects haveshown a

construction cost reduction of 30 percent,but

after about8yearsof experience,thecostreduc-

tionsareestimated to morecloselyapproximate

40percent.Thecostreductioninsewagecollect-
ing systemsin thecity of SaoPauloisreportedto
be35 percent.

SABESPestimatesthe fbllowing averagecon-

structioncosts(1988prices)for small towns(not

includirig the percapitacostsof treatmentand
houseconnection,whichareapproximately$40

and$50, respectively):

Conventionalsystems $150—$300/capita

Simplified systems $80—$150/capita

Table2 summarizescostinformationonsomeof

thesystemsreviewedfor thispaper.Thecostper

personvaries between$51 and$151.

Thetotal savingsthatthesemodificationsgener-

atewill dependon thenumberofmodifications

thataredeemedfeasiblein aparticularproject,

givenfactorssuchas populationdensity,topog-

raphy, soil and water conditions,etc. For ex-

ample,in asensitivityanalysisof costsof differ-

entdesignchoicescarriedout in Egypt,savings

ofupto23 percentwereshownto beachievable

(Table3). In anotherprojectinBogota,Colom-

bia, itwasestimatedthatthecostsavingwouldbe
about50 percent.Annex4showsabreakdownof

costsavmgs.

5.2 Operation and
Maintenance Costs

No costdataonoperationandmaintenancehave
beenmadeavailablefrom thissurvey.It maybe

Table 2: Costs of Selected Simplified Sewerage Projects

Parana stateSao Paulo state

Sao Paulo Cardosa Coraodos

Total costof $1,897,000 $48,125 $68,194
collection system

Toledo

$3,762,066

Population served 13,200 950 780 65,500

Average cost per
meter of sewer

$76 $13 $8 $21

Average cost per
person

$151 $51 $87 $59

0
00

(0
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diflicult to separateoperatingcostsfor thesim-

plified systemfrom the overall operationand

ma~ntenancecostofa largeutility companysuch

as SABESP,butit shouldbepossibleto obtain

this informationfromthesystemsthataremde-

pendentlyoperatedandmaintainedby themu-

nicipahtiesundertheumbrellaof SABESP.his

important to obcain this information to make
meanrngfuleastcomparisonsbetweensimpli-
Lied sewerageandotheralternatives.

Table 3. Sensitivity Analysis of Costs of lndividual Design Variations In Two Egyptian Towns

A

(Figures are percentages of the total cost of altema~veA.)

Beni Suef

Convenional standard 100.0

Kafr ei Shokr

100.0

B Houses connected to sewer lines (instead of
manholes)

92.4 90.3

C Manhole spacing 50% greaterer than conven~onal 97.8 98.0

D Ughter manhole covers (80 kg and 175 kg instead of
285 kg)

96.1 96.1

E No manhole at upstream end of branch NA NA

B + C 86.9 83.0

C+D 93.9 94.6

B+C+D

B+C+D+E

83.2

77.3

80.1

76.3

Source: Gakenheimer and Brando 1984
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6. DisCussion

6.1 Risk Estimation
Thepresentconventionalengineenngpractice

in sewer designwas introducedmore thana
centuryagoandhaschangedlitde since.More

thanadecadeago,engineersm Brazil tookaclose

look attherationalefor designcriteriaandfound
ampleroom for changeandsimplification with-

out jeopardizingthe operationalintegrity and

safetyof thesystem.

Itis commonknowledgethatengineeringdesign

isnotconceivedexclusivelyon thebasisofrigid,
exactscientificfacts it is ratherheavilybasedon

empirical datasupplementedwith probability

andriskcriteria.Thesafetycoefficientsembed-
dedin manydesigncriteria (designflow, mini-

mumdiameter,depthof sewers,etc.)shouldnot

be uniformly applied in all situations. For ex-

ample,thereis novalid reasonto applythesame

conservativestandardsin busmessdistricts,where
breakdownsandrepairscouldcauseheavyeco-

nomie loss and greatinconvenience,as in the

outskirts,wherethe impact of amalfunction is

morelimited.

In additionto economieaspects,theprobability

of breakdownsshouldho aprimeconsideration

in design of a sewerage system. While

GakenheimerandBrando(1983)suggestaddi-
tional researchon uncertaintyas it relates to
infrastructurestandards,theyarguethatthereis

enoughevidenceto moveawayfrom thestrm-

gentstandardsprevalentm industrializedcoun-

tries.Theycontendthat“whenresource-limited

countriesareusingconservativestandards,risk is
loweredin onelocalityat thecostof fully expos-

ing another.”

6.2 Flexibility
Despitethefactthatmost(iFnotall)of thecriteria

discussedin this reporthavebeenintegratedin
theBraziliancode,flexibility in theuseofcriteria
is unavoidable.In fact, the basicpillar of the

philosophybehind therevisionof the conven-

tional standardshasbeenthestrategyof select-

ingstandardsto fit existingconditions.Sincethe

resourcesneededto provide sanitationsersrices

arehuge,evena smallpercentagereduction in

thetotal easttranslatesinto largesavings.More-

over, theuseof thesimphfiedseweragedesign
approachdoesnotnecessarilyrequiretheuseof

all themodifiedcriteriai thedesigneris calledto

makeprofessionaljudgementsabout specific

standardsthatcouldhousedundergivencircum-

stances.

6.3 Applicability
ThesimpIifiedsewerag~esystemswerefirst trnple-

mentedin Brazil (SaoPaulostateWand Parana

State),andlaterapplied in Bolivia (Cochabamba

and Oruro), and Colombia (Bogota and

Cartegena).Newprojeetsusingthisapproachin

designare being con�tderedfor the towns of

Chilayo, Peru,San Bernandino,Paraguay,and

Kumasi,Ghana.

The simplified seweragesystemdiffers from a

conventionalsystem orily in the standardsap-
pliedin thedesign.Sincemostofthemajorcities

in Brazil alreadyhadconventionalseweragein

centraldistrictsprior to theintroductionof sim-

plified sewerage,the currentexperiencewith

thisnewsystemhasbeenmainly in thepenurban

areasand secondarytowns. Sincemast of the

modifiedstandardsarebasedonsoundanalysis,
it would be safeto assumethat theycould ho
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10. Asof1988,inSaoPauloStatesimplifiedseweragesystemswereimplementedin about30 locationsandwerebeing
plannedfor atleast36 more. 21



appliedin any design,recognizingtheir limita-
tionswhich aregenerallyobvious.

6.4 Requirements
Sincesimplified sewerageis notfundamentally

differentfromtheconventionalsewerageexcept

in the levels or valuesof designcriteria, the

institutional requirementsfor their usearealso

generallysimilar. In the caseof the two water

companiesusingthissystemthatwerevisited in

Brazil during this work, no changeshad been

adoptedin theirproceduresserviceprovision.

However,eventhoughthe anecdotalevidence

doesnot indicate any increasein operational

problemsin theareascoveredin thisreport,one

cannotdiscountan intuitive tendencyamong

sectorprofessionalsto anticipateadditionalop-

erationalrequirementsfor simplified sewerage.

Wherethis is the case,a strengtheningof the

operationandmaintenancecapabilityofthewater

companyshouldhogivenupfrontconsiderarion.

6.5 Additional Work
This newapproachfor designingsewersystems

wasintroducedin theearly1980sandis consid-

eredan“infant” technology.This review,which

wasbasedon asmallnumberofprojeccs,isoneof
thefirst attemptsto documentanddisseminate
theexperience.To increaseconfidencein the

technology,additionalresearchiswarranted.The
following aresuggestionsfor furtherwork:

A parallel field evaluationof a simplified sewer

sysremanda comparableconventionalsystem.

Thepurposeof thisstudywould be to monitor,
evaluate,andcomparedirectly theoperational

problems of both systems,initially for a six-

month observationperiod with possibilicy of

continuingovera longnrperiod.

~ The long-term problemsof the systems,for
exarnple,corrcision,generationof sulfidesand

methane,etc.Sincesomeof thesesystemshave

beenin placeforperiodsrangingfromunderone

yearto eighiyears,it is recommendedthatstud-

ies becarriedoutto identify levelsof sulfidesat

selectedlocationsin the system.

More complete information on eastvariacion
betweendifferent typesof simplified systems,

andeastcomparisonswithconvencionalsystems.

In particular,differenceinoperationandmainte-

nancecostsareneededfor completeeastcorn-
parisons.

Surveyof howcurrentdesigncriteriavaryamong

industrializedcountries(andwithin certaincoun-

tries,for example,thevariousstatesoftheUnited

States);a similar survey(in the United States
only)conductedin 1942showedalargevariation

in thedesigncriteriausedindifferentpartsof the
country(BostonSocietyofCivilEngineers1942).

1P Fieldmeasurementofflowvariationsindifferent

partsof acity. Most designshaverdied onpeak

factorsdeterminedindevelopedcountries.These
factorsmayho excessiveandcouldbemodified

for usein differentdevelopingcountries.
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7. Conciusions

A concertedeffort toreview,adopt,anddissemi-
natethesemodified criteriawould be a timely

initiative, giventhetremendousneedsof devel-
oping countriesfbr sanitationservicesand the

potentialfor largesavings.

Thispaperhaspresentedinformationonsimpli-
Lied sewerage,a designstrategybasedprimarily
onexperiencefromBrazil thatoffersa newcost-
savingapproachto thedesignof sewersystems.

The review has shown that the system is the

equalof conventionalseweragein effectiveness.

It is basedmainlyoncost-savingrationalchanges

in long-standingtraditionalsewerdesignstan-
dards.Thereviewshowsthat:

e simplifiedseweragetechnologyis beingapplied

successfully,andit isaviable, lower-costalterna-

tive to conventionalsystems;

a design modifications introducedin simplified

seweragesystemsarebasedonsoundengineer-

ing principles;

s thenewdesignapproachdoesnotcreatea sub-

standardlevel of service; it rationalizesdesign

standardswithoutsacrificingqualityor lowermg
the level of service;

simphfied seweragesystemscost a fraction of

what conventionalsystemscost and therefore

makefundsavailabletoextendservicecoverage
to largerpopulations;and

w thecostof simplified seweragecanbe reduced

further throughuseof community-participation

methodsof service provision as applied in

condommialseweragein Brazii or asusedin the

Orangiprojectin Pakistan.

Linie is knownaboutthesystemoutsideBrazil.

Engineersin otherpartsof theworldwill become

morefamiliarwith simphfiedsewerageasexpe-

rienceis accumulatedandreported.A growing

numberof citiesarediscoveringthat thesimpli-
fied systemis attractive,andtheyareachieving

considerablecostsavingsby makinguseof it.
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In conventionaldesign,thepeakfactoris deter-

mmcd from curvesdevelopedfrom datagath-

eredin industrializedcountries.Although ii is

usuallyrecommendedto generatelocal datato

estimatethis factor,thesecurvesare camrnonly
used.In simplifiedsewerdesign,emphasisis put

onestirnatingthepeakfactor for thecity under
considerationfrom flow measurementrecords.1f

recordsarenotavailable,effortsshouldbespent
togeneratethemquickJyto avoidoverdesigning
thesystem.The peakfactor will dependon a
numberof elementssuchas thecontributionof
the commercial, industrial, and institutional

wastewater,andthesocialandeconomicmake-

up of theareaunderdesign.

AlthoughSANEPARrecommendsusingthefac-
tors mentionedin the main ten of this report,

Freitas(1989)basusedSANEPARdatato pro-
pose a set of equations(derived from fittmg

curvesto a setof sixdatapoints)for thecalcula-
tions of thesef~ctors:

1(2 — -10.848+ 19.656K, - 7.801 K,2

— [-19.651 + (47.653-31.205K
2Y’~II-15.603

Accordingto this study,which also draws on

otherreports,insmallcommunities(under10,000)
with commercialand instituticinal users,K, is

between1.0 and 1.1. This gives 1(2 valuesbe-

tween1.0 and1.3.

Annex 1: Design Peak Factor
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Annex 2: Tractive Force

Thetractiveforcemethodisadesignprocessthat

is widely usedin thedesignof openchannels.

Like the minimum velocicydesignmethodol-
ogy, it is basedcm the conceptof “thresholdof

movement” and makes use of the mimrnum
fbrce requiredto move a certainsize of settled
particle.Theresistanceequationis given by

t - FRI

wheret is the boundaryshearstress,F is the
specificweightofwater,Risthehydraulicradius,
and1 istheslopeoftheconduit.Theminimum
designslopeisderivedbyincorporatingequation
(1) into Manning’sequation:

Q — (tin) * A * R~* Jlt2

and solving for the minimum slope with the
assumptionthat thedepthof theminimumflow
is two tenthsof the diameter;the hydraulic
elementsfor this condition are derivedfrom
geometricrelationshipsin Figure A. 1

0/2 — 1 - 2d/D

therefore,for dID — 0.2, 0 — 106.26. Thecorre-

spondingcross-sectionalflow areais

A — D2/4(rtø/360- sinü/2)

A— 0.1118D2

andthehydraulicradius

Q — 7.6S790~(un) * (t8t3) * ~ (6)

Assuming n 0.013 and t — 0.1 kg/m2 and
expressingQ in 1/s,equation(6)canbesolvedfor

theminimumslope

Imin_0~4QM~2 (7)

(1) (The equationproposcdin Machado[1985] is

T — 0.0055Q°~the observectdifferencesare

probablydueto roundingoff.)

Tocompletethedesign,thefollowing procedure
is suggested,which is similar to the one pre-

sentedbyYao (1974):

(2) 1. Solveequation(7) for ‘mI,~usingtheinitial flow, Q~
2. ComputeQ,/153whereQ~is the1kw at theend

of thedesignperiod, m3/s.
3. Find thevalueofQ,/I°‘in TabI&A. 1 wheredID

isclosestto andpreferablylessthan0.75(d/D is
theratio of depthof flow to thepipediameter).
SelectthecorrespondingpipediameterDasthe

minimumsizeof thesewerpipe.

4. Computethe fmal how velocity, V,, from the
correspondingvalueofV/1°5given in the table.

CheckifV~islessthan5 m/s.
5. ComputethecriricalvelocityV~ 6 (gR)°3where

g is the accelerationof gravity and R is the

hydraulicradius;ïo ensdreadecjiiateventilation,
checkifV~islessthanV; if notgp backto step3

(3) andseleci~anewdiameterwhichcorrespondsto
a valueof d[D closestto 0.5 insteadof 0.75.

R— (D/4)(1-36OsinO/2it0)

0. 1206D (4)

Insertingequation(4) in equation(1), thediam-

eterD conalsobeexpressedas

D — t / 0.1206r T (5)

Inserting(3) and(4) into (2),andthenreplacing

D by its equivalentgiven in (5), with F -

1,000 kg/m3,Manning’sequationbecomes

-v
0

11.

t’-
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diD

DIAMETER (m)
0.100 0.150 0.200 0.250 0.300 0.375 0 400 0.450 0.500

0025
0050
0.075

Vfl”0.~
1.0733
1.6902
2 1968

Ql1”0.5
0.0001
00002
0.0006

VFI”0.~
1.4064
2.2147
2.8785

QI1”0.5
0.0002
0.0007
0.0017

VI1~0.5
1.7037
28829
3.4870

OJ1~0.i
0.0004
00016
0.0037

V110.6
1 9770
3.1132
4.0463

Q11 0.
0.0006
0.0029
0.0068

VI1”0 5
2.2325
3.5155
4.5692

Q/1”0.~
0.0011
0.0046
0.0110

VI1”0.5
2 5905
4.0793
5.3020

Qfl 0.:
0.0019
0.0084
0.0200

VI1”0.5
2 7044
4.2586
5.5350

Q)1”0.i
00023
00100
0.0237

VI1”0.5
2.9253
4.8064
5 9871

Qfl~~O5

0.0031
0.0137
0.0324

V/1”0.6
3.1381
4.9416
6.4227

Q/I”0.5
0.0041
0.0181
0 0430

0100 2.6392 00011 3.4583 0.0032 41893 00068 48612 0.0124 6.4894 0.0202 6.3698 0.0386 55498 0.0435 7.1930 0.0595 7.7183 0.0759
0.125 3.0388 0 0017 3.9792 0.0051 4.8204 0 0109 6 5935 00198 8.3183 73293 7.6515 8.2755 0.0950 8.8787 0.1258
0.150 33999 00025 4.4550 0.0074 5.3968 00159 6.2623 0.0289 7.0715 0.0470 82057 0852 8 5664 0 1013 92661 0 1388 9.9403 0 1836
0.175 37350 0.0034 4.8941 0.0102 59286 00218 6.8795 00397 77685 0.0645 90144 1170 94107 0.1390 10.1793 01903 10.9199 0.2520
0.200 4.0463 00045 53021 0.0133 6.4229 0.0287 7.4530 0.0521 8.4161 97659 .1536 10 1952 0.1824 11 0279 0 2497 11 8303 03307
0.225
0.250

4.3371
4.8095

0.0057
0.0071

56830
60400

0.0169
00209

68844
7.3168

0.0364
00449

7.9886
8.4902

00560
00815

9.0208
95874

0.1074
0.1325

10.4676
11.1250

1947
2402

109277
116141

02313
02853

11 8203
12.5627

0.3168
0.3906

12.6803
13.4768

0.4193
0.5173

0275 4.8653 00085 6.3752 0.0252 7.7228 00542 8.9614 00983 10.1195 0.1599 117425 .2899 12.2587 03443 132599 0.4714 14.2247 0624.3
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0.350
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0.575 89510 0.0325 91082 0.0958 11 0338 0 2063 12 8031 0.3740 44577 0.6082 16.7764 1.1027 17.5139 1.3098 18.9444 1 7931 203227 2.3748
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0625 7.1484 00389 93668 0.1088 113468 0.2344 13.1667 04249 48682 0.6910 172527 12528 180112 1 4881 19.4823 20372 20.8998 26981
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00471
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9.7704
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01389

11.7734
118357

0 2872 136616
0.2991 13.7340
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0.900 73961 0 0551 9.6914 0.1823 11.7401 0.3496 13.6230 0.6339 15.38.35 10308 17.8507 1.8689 18.6354 22199 20 1575 30391 21.6241 40249
0.925 7.3171 0.0555 9.5879 0.1637 11.6147 0.3525 13.4775 0.6390 15 2192 T~5~T17 6600 1 8840 18.4.383 2 2378 19.9422 3 0638 21.3932 4 0574
0.950 7.2032 0.0555 9.4386 0 1637 11 4339 0.3525 132676 06391 149822 1.0392 17.3851 1.8842 18 1493 2.2381 19.6317 3.0639 21.0601 4.0578
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1.000

7.0.314
6.5784

0.0549
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92134

86200

01617
0.1523
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0.3483 12.9511
0.3280 12.1169
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Problem: Designan interceptorsewerline to

carry away thesewageof a town with a current
populationof 10,800peoplewhichisexpectedto
growto 14,400in about20 years.

Otherdata:

pipe.Thecopoodhi~slopei~0.0016;thetotal

capacicyofthispipeis62.41/s;foradischargeratio
of 60/67.4— 0.89, thecorrespondingd/D is 0.73

and thevelociry ils 0.6~7n)s(for n constantwith
depth).At theinitial phase,fora dischargeratio

of4S/67.4— 0.67thed/D ratiowill be0.60andthe
correspondmgvelocity will be0.65mis.

- no significantindustriesor commercialacuvi-

ties

- waterconsumption:250l/cap/d

- returncoefficient:80 percent

- peakfactor 1.8

- topography:flat., no risk of infiltration

Initial Flow: 250 * 10,800* 0.8 * 1.8 — 3,388,000
l/d or451/s

DesignFlow: 250* 14,400*0.8 * 1.8— 5,184,000
l/d or 60 Ijs

Conventionalmethod: theminimumvelocity

approach.Fromapreparednomograph(Metcalf

andEddy 1981)for thedesignflow of 60 1/s and
aminimumvelocityof0.6mis,choosea375mm

The tractive force method: the Brazilian

equation.For an initial flow of 45 1/s the rmrn-
mumslopewould beIrni, 0.00ff93(usingequa-
tion 7, Annex 2), Q/IOS — 1.967; from Table

A.1, selecta diameterof400 mmat y/d of 0.775;
thecorrespondingV[1°5 is 18.85which translates

intoVf — 0.57m/s; the initial Qji°~—~i.5 ~vhichis
equivalentto about y/d — 0.61and the initial
velocitywould be0.55 mis.

Table 5 summarizesthe resulti of the various

approacheswhich suggestthattheuseof tractive
forcehasreducedtherequirecislopesbyabout5ü
percentcompar~dto convennonaldesign,even

thoughtherequiredpipediameterhasincreased

from 375mm to 400 mm; thecostsavingsfrom
reducedexcavationalonewouldoffsetthesmall
cost differential berweenthe two pipe si.zes.
Assumingthat theline is 1,000}n longand the
trenchis 1 m wide, thereductionin excavation

volumewould be 350m3.

Table A2. Comparison of Design Results for the Two Methods

— Velocity—

Annex 3: Examples
Comparison of the Minimum Velocity (Conventional)

and the Tractive Force Design Approaches (Simplified)

~0
0og
Di

2
70
(0

(n
(D

(0
IM

Pipe diameter Slope India! Final

(mm) (mim) (mis) (mis)

Conventional

Brazailian
Code

375 0 0016 0.65 068

400 0.00093 0.55 0.57
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Annex 4: Cost Comparison Between

Conventional and Simplified Design

(All costsin Colombianpesos;US$1 — Col$335 [Nov 1988])

Con ventional
Unit Quantily Cost %

a. Percentof the conventional system total

Source: Angulo (1988)

Simplified
Quantity Cost %~

t
0

00
Di
2
70
(0

m3 2,038
m 1,530
ea. 27

Excavation
Pipes

Manholes
Appurtenance~’
Connections

Other

Total

2,411,449
5,870,110
2,128,380

ea.
ea.

14 5
35.4

128

721 587,382
1,510 3,471,726

18 1,035,755
46 442,698

258 2,380,338
74,068

258 6,091,638 36.7

82,656 0 5

16,584,233 100.0

3.5

20.9

6.2

2.7
14.4
0.4

48.1
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