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ABSTRACT

In Sri Lanka,wastewatercollectionis availableonly in thecapital,majorindustrialparksand
some major housing schemes.Proposalsto provide wastewatercollection facilities for
provincialcapitalsunderan ongoingurbandevelopmentprogrammeareavailable,but thereis
no key programto upgradeexisting sanitationfacilities in district andelectoratelevel towns,
urbanhousing schemes,rural housingschemesand villages.High investmentand operation
and maintenancecost involved with conventionalwastewatercollection and treatment
systemsis a majorconstraintfor providingseweragefacilities to thesecommunities.A water
shortageduringthedroughtseasonneedsurgentattention.

The objectiveofthis study is to identify appropriatetechnologicaloptionsto overcomethese
problemsand to develop a strategyfor sanitationand reuseof wastewaterin the North
WesternProvinceof Sri Lanka.The outcomeof this studywill be applicableto similar areas
in Sri Lanka.

Datawerecollectedto evaluatethe existingconditions.A literaturesurveywasdoneto assess
different technologies.A primaryselectionof technologicaloptionswascamedout to select
suitable options for secondaryevaluation. During the secondaryevaluation, preliminary
designswere completedandcostcomparisonswerepreparedin orderto find themostsuitable
options.

Puttalamtown is selected to identify appropriate options for sanitation and reuse of
wastewater. The outcome of the study showed that waste stabilisation ponds are the
appropriateoption for wastewatertreatment.The reuseof wastewatercaneitherbe usedin
traditionalfarmlandsor in uncultivatedland.

Thestrategydevelopedfor newurbanhousingschemesconfirmedthatprovisionof sewerage
at constructionstageof a schemeis feasibleand affordablefor users.Thestudy also showed
that theUASB typeof septic tankwith constructedwetlandsis themost appropriateoption
for wastewatertreatment. The study also developeda strategyto upgradethe sanitation
systemsin existingurbanhousingschemes.

On-site sanitationis proposedfor small towns, rural housing schemesand villages, which
includespour-flushandVIP latrines.
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1. Introduction

1. INTRODUCTION

1.1 Background

Sn Lanka is an island situatedat 880 kms north of the equator,off thesoutherntip of the
India. The existing population is 19.1 millions and the total land areais 69,600 square
kilometres. The island is divided into nine provincesand the areaunder study is North
WesternProvince. The map of Sri Lanka (showing provincial boundariesand provincial
capitals)is presentedin Figure 1.1.

IKA

Figure 1.1 Nine provinces and provincial capitals of Sri Lanka
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1. Introduction

Thepresentwastewatercollectionfacilitiescover:the capital,majorindustrialparksandlarge
housingschemes.Thereare someproposalsto providewastewatertreatmentfacilities to the
othermajorcitiesunderanongoingurbandevelopmentprogramme.

Howeverthereis no key programmeto evaluateandupgradethe existingsanitationfacilities
in the other areasincluding many district and electoratelevel towns,housing schemesand
villages.The majorityofthe populationin theseareasusetheirown sanitationsystems.There
is a risk of groundwaterpollution as a result of poor sanitationsystemsin use. High
investment and operation and maintenancecost involved with conventionalwastewater
treatmentsystemsis amajorconstraintfor providmgseweragefacilities to theseareas.

Thereforeit is important to study appropriatelow cost sanitationoptions to improvethe
presentsituation. Studying the possibility of reuse of wastewaterin the agricultural and
domesticapplicationsis an important tasktoo due to the shortageof waterduring the dry
season.

1.2 Objectives

The main objective of this study is to identify appropnatetechnologicaloptions and to
developbrief implementationstrategiesfor onsitesanitation,low cost sewagecollection, low
cost wastewatertreatmentand reuseof wastewaterin the North WesternProvinceof Sri
Lanka.Theoutcomeofthis study is applicableto similarareasin Sri Lanka.

Thespecificobjectiveswithin theaboveframeworkare:
• To identify onsitesanitationoptionsbasedon populationdensity,incomelevels,soil

conditionsandimpacton groundwaterquality.
• To identify appropriatetechnologyfor conveyanceand treatmentof wastewaterby

consideringcost, population density, income levels and impact on groundwater
quality.

• To identify reuse opportunities of wastewater in agricultural and domestic
applications.

• To developa strategyinbrief for implementation

1.3 Methodology

Themethodologyusedwasasfollows:
• Collection of dataon population (existing population, growth rate and population

densities),existing water supply and sanitationfacilities, water consumptionpattern,
climate, social and economicfactors,water quality, health indicators,soil conditions
andratesfor costestimationin NorthWesternProvince.

• Assessmentofpresentsituationusingcollecteddata.
• Literaturestudy to considernewtechnologies.
• Assessmentof different technologicaloptions and primary selectionof appropriate

options.
• Secondaryevaluationof the appropriatetechnologicaloptions and formulation of a

strategy for sanitation and reuse of wastewaterin: major towns; urban housing
schemes;small towns,rural housingschemesandvillages ofNorthWesternProvince.

2



1. Introduction

1.4 Contentsof the report

Chapter2 contains the existing situation in Sri Lankaregardingclimate and topography,
social and economicconditions, sanitationfacilities and functioningof thepresentfacilities.
MoredetailedinformationregardingNorthWesternProvmceis presented.

Chapter 3 comprisesthe literature study on specific sanitation technologiesthat may be
appliedin NorthWesternProvinceof Sri Lanka.

Chapter4 explainsaboutassessmentof different technologicaloptionsandprimary selection

ofappropriateoptions.

Chapter5 containsthe formulationofa strategyfor sanitationandreuseofwastewater.

Chapter6 presentstheconclusionsandrecommendations.

3



2. Existing situation

2. EXISTING SITUATION

2.1 Climate and topography

Rainfall divides Sri Lankainto wet anddry zonesandan intermediatezonebetweenthetwo.
Themountainsandthe south-westernpart of the countryknownasthe “Wet zone” receives
amplerainfall (averagerainfall of 2,500 rnnalyear) throughoutthe year.Most of the south-
east,east,northernandportion ofthe north-westernpartsof the countrycomprisethe “Dry
zone”, which receives an averagerainfall of 1,500 mnilyear mostly during the penodof
Octoberto Januaryandremainscomparativelydry during therest of theperiods.Thenorth-
west and south-eastcoasts receive the least amount of rain 600 to 1,200 mmlyear
(Abeywiclcramaet al., 1991).The areaunderstudy (NorthWesternProvince)consistsof all
climaticzones.Therespectiveclimaticzonesareshownin Figure2.1 (Source-Nationalatlas).

Although themeanannualtemperaturein thelowlandsis around27 °C,that ofthehighlands
is 15 °C.TheNorthWesternProvincemainly consistsof lowlandsandtheheightsvary from
0 to 150m abovemeansealevel.

Wet zone E Intermediate zone j Dry zone

Figure 2.1 Climatic zonesin North Western Province
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2. Existing situation

2.2 Socialbackground

Population
Thepresentpopulationin thecountry19.1 millions is distributedover 65,606km2 land area.
About 55% of the total population live in the wet zone and the urban populationof the
countly is 22%of the total population.The populationgrowthrate of the country between
1980 and 1996was 1.3% and the presentgrowth rateis only 1%. Theurbangrowth rate is
1.62%.

The total populationin the North WesternProvince is 1.7 millions of which 17.1% live in
urbanareas.Thepopulationin thewet andintermediateclimatic zonesis 48.8%.Theexisting
populationin Puttalamtown (townselectedfor casestudy) is 37,000and that growsat a rate
of around 1.5%.

The population density of the villages varies based on factors such as, availability of
infrastructurefacilities (electricity,roads,transportetc.),climate,availability of groundwater
and distancesto nearbyschools, hospitalsand towns. While the population density of a
remotevillage in the dry zone is around 1 - 2 capita/ha,that of a village closerto a major
town goesup to 75 capita/ha.

Housing schemes
Housingschemescanbe divided into two major categoriesasurban housingschemesand
ruralhousingschemes.

Urbanhousingschemesare formed in the surroundingareasof major towns asa resultof
urbanisation.Generallythe landscloser to thepopulartownsaredivided into smallerpieces
ranging from 6 to 15 perches(0.015 to 0.038 ha) and sold to peopleeitherby private land
developersorby thegovernment.Thentherespectivepeopleform ahousingscheme(agroup
of houses)by constructingtheir houses.Presentland pricesare given in Appendix 2 Table
A.2.6.

Ruralhousingschemesaregenerallyformedas aresultof government’shousingdevelopment
programme.Thelandareaperfamily rangesfrom 25 to 40 perches(0.06to 0.1 ha).

2.3 Economy

Economicindicators
ThepercapitaGNP of Sri Lankais USS 755 with an annualgrowthrateof 0.5%.About 60%
of thetotal populationcategorisedas low-incomegroupreceivesan annualincomelessthan
US$ 360/year.About 30% of thepopulationreceivesbetween360 and 1200 US$/year.The
high-incomegroup(10%) receivesmorethan 1200 US$/year.The currencyusedSri Lankan
rupeehasa valueof Rs 72.60 = 1 US$. The annualinflation of thecountry is 11.8%. The
distribution of the labour force is 48% in agriculture,21% in industrial sectorand 31% in
services.

Agriculture
Agriculture is themain sourceof incomefor the majority of thepopulationin the country.
While tea,rubberand coconutare grown as major export crops; paddyis grown for internal
consumption.Only 59.1%of arablelandsarecultivated in the island. Imgation is available
only for 29.2%of thecropland.Artificial fertiliser is generallyusedfor crop cultivation. Tea,

6



2. Existingsituation

rubber,coconutandpaddyaremajorcrops,which consumeartificial fertilisers. The average
fertiliser usein thecountryis 2,270kg/haofarablelandperyear.

Paddyandcoconutarethemajorcropsgrown in NorthWesternprovince.Thepercentagesof
landareasutilisedby thedifferentcropsin NorthWesternProvinceareshownin Figure2.2.

Cropping pattern in the North Western
province

Other

Paddy

I I
Coconut

62%

oCoconut~Paddy oOther

Figure 2.2Land area utilisation by different crops

Cultivation oftheseasonalcropslike paddy,vegetablesetc.dependson availability ofwater.
Thesecropsarecultivatedtwice a yearduring the two cultivationseasonscalled “Yala” and
“Maha” in areaswherewatercanbedrawnfrom irrigation schemesor sufficient rainwateris
available.Crop cultivation is restrictedto one seasonin areaswhere irrigation water is not
availableand rainfall is inadequatefor cultivation in thetwo seasons.Evenduring this single
cultivationseasonthereis arisk ofcrop failuresdueto uncertaintyoftherainfall pattern.

Availability of surfacewater
Theannualdischargeoftherivers in theislandis 47,000millions m3/year.Therunoffthrough
the dry zone is 18,000 millions m3/year. Although severalirrigation schemeshave been
constructedto utilise thisrunoff, thetotal demandis notmet.

Thetotal averageyield of surfacewaterin thedry zoneoftheNorthWesternProvinceis 835
millions m3/year. This is not adequateto meet the presentagricultural demandof 2,212
millions m3/year.Eventhereis a proposalto divert “Kelani” river to NorthWesternProvince,
this is not implementeddueto very highcapitalcost.

2.4 Sanitation

Watersupplycoverage
The percentagecoverageby piped water supply in the island is around32%.The present
supplyrate(throughwatersupplyschemes)is 182 million m3/year.

The percentagecoverageby pipedwatersupply in the North WesternProvinceis 15.7%.
Howeverthepercentagecoveragein theurbanareasis generallyhigh.Thedetailsof thewater
supplyfacilities in thetownshipsin NorthWesternProvincearepresentedin Table2.1.

7



2. Existing situation

Category No oftowns
Townswith
watersupply

Total
population

Major townships
(Population>25,000) 3 3 124,000

Othertownships
(Population3,000- 25,000) 29 25 167,000

Source:NWS&DB - NorthWesternRegion

Water sources
Peopleuseshallow wells, deep wells (mainly in the dry zone) and surfacewater as their
sourcesin areaswherepipedwateris not available.Manypeopleusetheindividual shallow
well. Deeptube wells fitted with hand pumps arepopular in the rural areasof dry zone.
Surfacewatersourcesaregenerallyusedfor bathing andwashingcloths.But few peoplestill
usesurfacewaterfor drinking.

Water consumption pattern
The averageper capitawaterconsumptionof the servedpopulationin thedifferent areasof
the islandvanesbetween100 — 177 L/c/d. The respectivefigure for standpost uservaries
between30 — 40 L/c/d (thedetailsarepresentedin Appendix 2 TablesA.2.1 andA.2.2). The
averagepercapitaconsumptionin theNorthWesternprovinceis 135 L/c/d andthat of astand
postuseris 38 L/c/d. The consumptionpatternof thepeoplewith their ownindividual piped
water suppliesis almost the sameas that of the waterconnectionusers.The averagewater
consumptionand population served in water supply schemesin the area is presentedin
Appendix2 TableA.2.3.

Revenuecollection
The revenuecollection from thewater consumersis satisfactory.According to the National
Water Supply and DrainageBoard the presentbilling and collection ratio is 85%. The
respectivefigure in theNorthWesternRegionis 82%.

Wastewatertreatment
Wastewatertreatment facilities are available only for few housing schemesand major
industnalparksin thecountry.TheColomboMunicipal Council area(Capitalof the country)
with anestimatedpopulationof 825,000is the only municipality with piped sewerage.None
of Colombo’s sewageis treatedbefore discharge.The Governmentis planning to provide
sewagetreatmentfacilities for someprovincial capitalsunderthe presenturbandevelopment
programme,but thisprogra.mmedoesnotcover any othercommunityortown.

Sanitation in the major towns
Thepeoplein the townsusetheirown sanitationsystems,suchaslatrineswith cesspoolsor
septictanks.Most ofthesesystemsarenot up to therequiredstandardandthereforeimply a
healthnsk.Wastewateris directly dischargedto existingsurfacewaterdrainsin somedensely
populatedcity centres.Evenwhenthepipedwateris available,somepeoplestill useshallow
wells. Sometimesthesewells arelocatedtoocloseto a septictank.

Table 2.1 Water supply coverageofthe urban centresin North Western Province
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2. Existingsituation

Sanitation in theurban housingschemes
Theurbanhousingschemesarelocateda few kilometresoutsidethetown limits. Pipedwater
supply is not availableat the sites. The occupants,who aregenerallyof middle (or high)
incomecategory,constructtheirown watersupplysystemthatgenerallyconsistsofashallow
well asthesource,apump,anoverheadtankand apiping system.A flush or pourflush toilet
connected to a septic tank is the most commonwaste disposal method used in these houses.
The shallow wells and the septic tanks are too close and sometimesthe septic tanks are
constructedupstreamoftheshallowwells not consideringdirectionof the groundwaterflow.
Thereforethepossiblerisk ofgroundwaterpollution is higherthanthat ofthetowns,villages
andrural housingschemes.

Sanitation in the small towns,villages and rural housing schemes
The majority of the population in this categoryuse their own sanitationsystemssuch as
latrines with cesspoolsor septic tanks. Most of these systemsare not up to the required
standards.Manypeopledo not follow any guidelinewhenlocatingtheir cesspools.As aresult
manycesspoolsarelocatedtoo closeto adrinking watersource(shallowwell).

There are some people in the rural areas without any sanitary facilities. Although the
Governmentand some non-governmentalorgamsations(NGO’s) have launched several
sanitationprogrammesin theseareas,someareasyet haveto be covered.About 25% of the
householdsare lacking sanitarytoilet facilities.

Groundwater quality
The records on waterborn diseasesare good indicators for groundwaterpollution. The
numberof waterborn diseases reported in the North Westernprovince (Kurunegalaand
Puttalamdistncts) is presented in Table 2.2.

Table 2.2 Water born diseasesreported from North Western province
Disease Number reported

Kurunegala distnct Puttalam distnct
1995 1996 1997 1998 1999 1998 1999

Dysentery
Typhoid and Paratyphoid
Viral Hepatitis
Cholera

953
303
567

0

942
252
275

0

2071
360
488
86

1844
519
563
86

726
225
196
20

338
0
0

383

379
12

166
58

Source:RDHS officesKurunegalaandPuttalam

Unlike in the town water supplies and deep wells (maintained by NWS&DB), the
bacteriologicalandchemicalquality in the shallowwells is not regularly checked.Therefore
only few dataare available.The informationaboutbacteriologicaland chemicalquality in
shallowwells in theareais presentedin Appendix2 TablesA.2.4 andA.2.5.

9



3. Literaturestudy

3 LITERATURE STUDY

3.1 Previousstudiesat IHE

RelevantMSc studies carriedout on sanitationand reuseof wastewaterin agriculture are
briefly describedhereafter. M. Incencio Sousafrom Cape Verde, Jamal Mustafa from
PalestineandV.F. Awanantofrom Indonesiacarriedout theseMSc studies.

Sousaformulated“A strategyfor sanitationin CapeVerde”. Underthis topic hediscussedthe
problemsof scarcity of water resources,increaseduseof desalinatedwater for domestic
purposesandreuseofwastewaterm irrigation to overcometheproblemof saltygroundwater
and food production(about90% of the food hasto be imported). He proposedsmall bore
sewerswith septictanks for theconveyanceof wastewaterand sandfiltration with duckweed
cultivation for thetreatment;slow sandfiltration for unrestrictedirrigation andduckweedfor
removalofexcessnutrients.

His proposalwas focusedon centralisedwastewatertreatmentconsistingof anaerobicponds
and sandfilter beds.It may be consideredas an option for wastewatertreatmentin major
townsm NorthWesternProvinceof Sri Lanka.Howevertheappropriatetreatmentoptionsfor
Sri Lankamay be different, as the local conditionsin CapeVerde aredifferent from thoseof
Sri Lanka.

The topic of Mustafa is “Onsite wastewatertreatment, disposal and reuse”. The main
objectiveof his study is to developa trickling filter for onsiteoperationin orderto treat and
reusegreywater.The conditionslike householdsize,electricitycostandincomelevelsetc. in
Palestinearedifferent from thosein Sri Lanka. However,the proposedoption may also be
suitablefor Sri Lanka.He also formulateda strategyfor onsitetreatment,disposaland reuse
of wastewaterin Palestine.To preventgroundwaterpollution, Mustafaproposescartageof
blackwastewaterto bedried in a lagoonandreusein agriculture.

“Appropriate sanitation systemsfor Indonesianurban areas” is the topic of Awananto.
Awananto,who discussedlow cost sanitationoptionssuitablefor the conditionsin Indonesia.
Heconsideredindividual andshareddisposalsystemsaswell ascommunaldisposalsystems
of special interestwith the connectionof severalhouses(cistern flush, pour flush) to a
simplified “USAB reactor”.Awananto’sstudy is basedon conditionssuitable for Indonesia
andwhich aredifferent from thosein Sri Lanka,in particularwith regardto the level andkind
ofcommunityinvolvement.

3.2 Wastewatertreatment and reuse

3.2.1 Effluent quality guidelines
WHO (1989) recommendedmicrobiological quality guidelines for wastewaterreuse in
agriculture. Theseguidelinesare categorisedbasedon reusecondition and exposedgroup
(Pescod,1992).Therespectiveguidelinesarepresentedin Table3.1.

11



3 Literaturestudy

Table 3.1 Recommendedmicrobiological guidelinesfor wastewaterusein agriculture
Group Reusecondition Exposed

Group
Intestmal
Nematodes
(Anthmetic
mean
no. of eggs
/litre)

Faecal
coliforms
(geometric
mean)
no./100ml

Wastewatertreatment
requiredto achievethe
requiredmicrobiologicalquality

A Imgationof crops
likely to be
consumeduncooked

Workers
Consumers
Public

<1 <1,000 A seriesofstabilisationpondsto
achievethe microbiological
quality indicatedor equivalent
treatment

B Imgationof cereal
crops,industrial
crops,pastureand
trees

Workers <1 No standardRetentionin stabilisationponds
for 8 — 10 daysor equal
helminthandfaecalcoliform
removal

C Locahsedirrigation
ofcropsin category
B if exposureof
workersandpublic
doesnot occur

None Not
applicable

Not
applicable

Pre— treatmentas requiredby
imgationtechnology,but not
lessthanprimarysedimentation

Source:PescodM.B.,1992

3.2.2Primary treatment

Sharedand communal septic tanks
Anaerobicpre-treatmentat on-sitelevel for a numberof households(“shared” treatment)or
for a township (“communal”), followed by transportationthroughcheapershallow sewersor
opendrains up to a central location outsidethe city for final treatmentand disposalis an
appropriateand costeffective systemfor developingcountries.While the sharedfacility is
designedfor 35-75PEthecommunalfacility cango up to 150-800PE (Alaertsetal., 1993).

Small scaleUASB reactors
A field experimentcarried out in Bandung/Indonesiashowedsatisfactoryresults for two
UASB reactorstestedfor blackwater and for combinedblackand greywatertreatment.The
respectiveresultsarepresentedin Table3.2.

Table 3.2 Experimental results for black and combinedwastewatertreatment
Blackwastewater Combmedwastewater

Reactorvolume (liters)
No. of housesconnected
HRT(h)
Sludgeaccumulationrate(kg/d)
Amount of seedsludgerequired(kg)

860
2
16

0.0397
3.552

860
2
1

0.0758
7.185

% Removal
CODtot
CODfi1
BODtot
TSS

89 - 93
69-81
86 - 95
93-97

67 - 75
22-47
46 - 82
74-81

Source.UASB researchproject final report— Indonesia,1988

12



3. Literaturestudy

3.2.3Posttreatment

(a) Sand fitration
This is oneof the oldest techniquesusedin wastewatertreatmentand applied for various
cities in WesternEurope 100 yearsago.The techniquewas first used2000yearsago in the
city of Athens,wherethe ancientGreeksusedto spreadtheir wastewaterover a sandyarea
(Guillotau eta!., 1993).

In the processof filtration and percolation,the effluent is pouredover a sand layer. The
operation is intermittent to prevent algal growth. During percolation there are aerobic
degradationof organicmatterat a very low biological load, supplyof oxygenthroughpores
(aeration),nitrification anddenitrification.

Experimental study at Ben Sergo,Agadir, Morocco
Guessabet al, (1993)analysedthetreatmentefficiencyof an experimentalplant consistingof an
anaerobic lagoon (volume 1,500 m3) and 5 infiltration basins(surfacearea1,500 m2 each)at
Agadir in Morocco.The construction of this plant wasbasedon theresultsobservedfrom apilot
plant with a squarearea300 m2. The purificationplant receiveswastewaterat a rate of 1,050
m3/d from 20,000 population equivalents. The 2 m thick sand basins receive pre-settied
wastewaterby batches.Three350 m3 batchesaredischargedinto 3 separatebasinsduring 3
consecutivedaysand thenleft to rest for 2 daysbefore a new cycle starts.The averageCOD
concentrationof raw wastewaterwas 1,189 mg/l. The bactenological,parasitalogicaland
physiochemicalremovalefficiencieswerealsodeterminedin this experimentalplant.

Excellent bacteriological removal efficiencies are observedfrom the results. The relative
removal efficiencies of faecal coliform and faecal streptococciare 99.99% and 99.999%
respectively.Table3.3 showstherespectiveresults.

Table 3.3 Bacteriological removal efficienciesof Agadir treatment plant
Geometricmeanofthe bacterialconcentration

(number/i00 ml ofwater)
Rawwater Treatedwater

Faecalcoliforms
Faecalsteptococci

*62 x l0~ 328
*207 x 346

Parasitologicalcount
(numberofeggs/i litre ofwater)

Rawwater Treatedwater
Helmintheggs
Nematodeseggs
Cestodeseggs

*214 0
139 0
75 0

Confidencemtervalat 95% SourceS(iuessabet a!, (1993)

The parasitological removal efficiency is also well within the expected limit. The 100%
removalefficiency of Heiminth eggssatisfiesthe strict WHO guideline for wastewater reuse

in agriculture(i No/L). Table 3.4 showstherespectiveresults.

Table 3.4 Parasitologicalremoval efficienciesof Agadir treatment plant

* Confidenceintervalat 95% Source: Guessab eta!, (1993)
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The physiochemicalremoval ratiosare also very satisfactory.The removal efficienciesof
TSS,COD and TKN are 99%, 96% and 85%respectively.Thereis a significantincreaseof
NO3

2 dueto nitrification (from 0 to 146 mg/i). Thereis no denitrification; sufficient air is
availablefor degradationoforganicmatter.

Loadingratesappliedin theinfiltration basinsat Agadir
In the Agadir wastewatertreatmentplant, the quality of the raw wastewaterhas been
comparedwith thefinal effluent Therefore,the influent COD concentrationto thesandfilters
is calculatedby assumingthe COD removalefficiency of the anaerobiclagoonm order to
assesstheorganicloadingratesto thesebasins.

The volumetric organic loading rate to the anaerobicpond is 832 g COD/m3.dwhile the
hydraulic retentiontime is 1.4 days.The applicablevolumetricorganicloading rateand the
expectedBOD

5 removal efficiency of an anaerobiclagoonin a warm country (minimum
monthlyair temperature>20°C)are300g BODilm

3.d and60%respectively(Veenstraetal.,
1998). Assummgthe COD/BOD ratio of raw wastewateras 2, the respectiveapplicable
organicloadingratebecomes600 g COD/m3.d.At thevolumetricorganicloadingrateof 832
g of COD/m3.d,a COD removalefficiencybetween45 - 55% canbe safelyexpectedfor the
anaerobiclagoon,sinceMoroccois a fairly warm country.Accordinglytheexpectedinfluent
COD concentrationto thesandfiltration basinsis between535 - 654 mg/i. Usingthesevalues
the respectivesurface and volumetric organic loading rates of the infiltration basins are
calculatedhereafterin section(c) “Diniensiomngofthefilter beds”.

Experimentalstudyat SaintSymphoriendeLay,France
Guilloteau(1993)obtainedsatisfactoryresults from an experimentcarriedout to assessthe
performanceof the SaintSymphoriendeLay wastewatertreatmentplant (France)consisting
of2 primarysettlingtanksand2 filtration basins(Guilloteauetal., 1993).Theplant received
wastewaterat a rate 70 to 75 m3Id from 500 population equivalents.The averageCOD
concentrationof the rawwastewaterwasbetween412 to 620 mg/i during the experimental
periodof onemonth,The resultsoftheexperimentshowedsignificantremovalefficienciesof
92%and97%for TSSandCOD respectively.

Dimensioningof theifiter beds
The operatingcycle of an infiltration basinas Agadir has two phasesnamelyloading or
flooding phaseand restingor drying phase(seeFigure 3.1). During the flooding phasethe
wastewateris fed in batchesto the filtration basins.In betweentwo batchesthereis a certain
restperiodfor thesandbeds.Therestingpenodsareneededfor aeration(naturalsupplyof air
to the pores)and for full microbiologicaldegradationof organicmatter. It is sensibleto
consideraflill cyclewhenconsideringplant efficiency.

Time

Volume

Figure 3.1 Operating cycle ofa filtration basin at Agadir
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The comparisonsof the surfaceand volumetricorganicloading rates(SOL and VOL) of 3

purificationplantsarecomparedin Table3.5.

Table 3.5 Organic loading rates (basedon full cycle offlooding andresting)

Punficationplant Surface
area
m2

depth
m

Floodmg
penod
days

Drying
penod
days

Influent
COD
mg/I

Effluent
COD
mg/I

SOL

g.COD
/m2.d

VOL

g.COD
/m3.d

Ben Sergo—. Moroco’
St Symphonen—France2
Limoge—France3 -

1500
225
340

2
1.7
0~

3
7
3

2
7
3

*535 -654
368
153

52
55
75

38 - 46
17
36

76 - 92
30
22

Sources1. Guessabetal., 1993
2. Guilloteauetal., 1993
3. Bnssaudet al., 1993

*Assumedbasedon pre-treatmentefficiency(anaerobicpond)

Therespectivehydraulicloadingratesarepresentedin Table3.6.

Table 3.6 Hydraulic loading rates (basedon full cycle of flooding andresting)
Punficationplant Capita Flow

m3/d

Hydraulic
loading
L/m2.d

Ben Sergo-Morocco
St. Syrnphonen- France
Limogne - France

20,000
500

450

350
72.5
68

140
80
75

Sources1. Guessabetal., 1993
2. Guilloteauetal., 1993
3. Bnssaudetal., 1993

Danish experience
Nielsenet al., (1993) summarisethe resultsand experienceon sand filtration systemsthat
have been collected since the beginning of the use of biological sand filter systemsin
Denmarkin the late70’s. Theorganicsurfaceloading rates(SOL) usedin theDanishsystems
are4 - 18 g ofBOD

5/m
2.dandtherespectiveremovalefficienciesarebetween90 - 95%.

Characteristicsof the filter media
Coarsesandmedia are generallyusedin the filter basins.The characteristicsof the sand
mediausedin FranceandDenmarkarepresentedin Table3.7.

Table 3.7 Characteristics of the sand media’s usedin the wastewatertreatment
Location Effectivesize

d
10 (mm)

Meangrainsize
d~(mm)

Uniformity coefficient’
d~/d10

France
Denmark

0.1 - 1
0.5 - 1

0 2 - 2
1 - 2

2
<3.5

Multi layered filter models
Arto Latvala., (1993)of Finlandhasproposedmulti layeredintermittent sandfilters asan
alternativeto the conventionalinfiltration basinsfor wastewatertreatment.The aim of that
study was to developmore compactfilter to savethe requiredland area. They introduced
settled wastewaterto multi layered filter models at loading rates between 180 to 450
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litreslm2.d. The mean value of the BUD removal efficiency achieved(including separate
primarysettling) in this experimentalstudywas86%.

Typical arrangement of a filter basin
A cross section of a typical sand filtration basin is shown in Figure 3.2. The influent
wastewateris evenly distributed on the sand surface using inlet distnbution pipes. The
drainagepipeslaid in apebblemediacollectthefiltered effluent. A plasticmembraneor clay
generallysealsthebottom.

Ventilation

Figure 3.2

Operation problems in filter basins
F. Brissaudand J. Lesavre(1993)havediscussed10 yearsexperiencesaboutthe infiltration
andpercolationprocessin France.They analysedthe performanceand operationalproblems
of 7 filtration plants of population equivalentsranging from 400 to 1,700. Non uniform
spreadingof the influent, shortcircuiting and shortdetentiontimeswere themajorproblems
identifiedby them. Theyhavealsodiscussedtheremedialmeasuresto be takento overcome
theseproblems and to achievea higher microbiological quality. Theseproposalscanbe
briefly listed as;

• Fractionatingthe inflow
• Betterutilisationofthe infiltration area
• Eliminationof shortcircuiting
• Properutilisation of depthofthefilter bedfor removalofbacteriologicalpollution

Influent distnbution

Sand media

Filtered water outI~

Bottom seal (Clay or HDPF

Drainage pipes

Crosssection of a typical filtration basin
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(b) Pond systems

Wastestabiisation ponds(algaeponds)
A wastestabilisationpondis an attractivemethodfor wastewatertreatmentandreusein rural
areas.It is anattractivetreatmentmethodfor the areaswhere landpricesare low, climateis
warm and facilities for operationand maintenancearepoor. As a resultof higher removal
efficiencies,the World Bankhasstronglyrecommendedwastestabilisationpondeffluent for
agriculturaluse(Pescod.,1992).Thehigh nutrientvaluein algaeis anaddedadvantagewhen
usedasa fertiliser.

Themosquitobreedingm thewatercanbe effectively controlledby stockingfish thatfeedon
mosquitolarvae(Poiprasert.,1996).

Comparison betweenmicrophytic and macrophytic ponds
L. Mandi (1993)comparedtheperformanceof wastestabilisationponds(algaeponds)and
macrophyte ponds (wetlands) under sameloading rate and climate. Both systems received
domestic raw effluent during the experimentalpenod. According to the results of this
experimentCOD and TSS removal efficienciesin the macrophytepondswere better than
thoseofalgaeponds.Howeverthepathogen(faecalcoliform andfaecalstreptococciremoval
wasbetter in themicrophyticponds.No helmintheggswerefoundfrom the effluentof both
systems. The results obtained during thesummertimearegiven in Table 3.8.

Table 3.8 Removal efficienciesofmacrophyte and algaeponds
PercentageRemoval

Macrophyticpond Microphytic pond
COD
TSS
~

P04,
FaecalColiform
FaecalStreptococci

87*
95*
63*
43*
96.2
94 7

45*

42*
72*
78*
99.6
99.7

*Dunngsummertime

The microphyticpondsshowedthus favourableconditionsfor agricultural reuse.The water
lossesdueto evapotranspirationwasvery high (60%) in themacrophyticsystem.

Duckweed ponds
Thereareseveraladvantagesin usingduckweedfor wastewatertreatment.Someof themare:

• Efficient nutrientuptakefrom wastewater
• Toleratehighconcentrationsofdetergentandanumberof toxic substances
• Absorption of heavy metals
• High proteincontent
• Odourcontrol
• Harvestingis lesscomplicatedthanwaterhyacinth
•

TheBUD removalis very effectivein duckweedponds.Removalefficienciesof 95-99% have
beenreported.BUD loading ratesof between100 and 160 kg/ha.d is suitableto obtain an
effluent quality of 30 mg BOD/l or less.Very high pathogenremoval has beenreportedin
duckweedponds Onefield experimentshowedfaecalcoliform reductionfrom 4.57 x 104/ml
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in the influent to valuesbelow 100/mi in the effluent (Duckweedresearchproject report,
1997).

Evapotranspiration
Evapotranspirationlossesmay comparativelybe high in macrophyticponds.But duckweed
hasapositiveeffect on reducingwaterlosses.Thepositivecontributionof duckweedappears
to be larger in caseswhere high evaporationoccursdue to dry air, wind etc. (Duckweed
ResearchProjectreport,1997).

Mosquito control
Two conflicting opinionson mosquito control in duckweedpondsexist: duckweedponds
enhanceorpreventmosquitodevelopment.

Poiprasertindicatesthataquaticvegetationincludingduckweedenhancemosquitopopulation.
The vegetationincreasesthe mosquitopopulation by protecting larvae from wave action,
providing a habitatfor breedingand interferingwith control procedures.The majorvectors
are Anophezes,transmittingmalariaand Mansonia, which carry filariasis and encephalitis.
The eggsof Mansonia are laid at the undersidesof leavesof aquaticweedsjust abovethe
water surface.Thenthe mosquitolarva insertsits respiratorysiphon into the air-containing
tissuesof theplants andneednot to cometo the water surfacefor air. The air is consumed
from the submergedportions of the plants, especiallyfrom the roots. Different Mansonia
specieshavepreferencesfor different plants.The waterlettuceseemsto be themost common
host, followedby waterhyacinth,Azollaandduckweed(Polprasert.,1996).

The Duckweed ResearchProject report (1997) explainspositive effects of duckweedon
mosquitocontrol.Accordingto thereport,placingof larvae in water with a densecover of
Woiffia resultedin dyingof insectswithin severalhours.A positiveeffect on duckweedcover
on thedecreaseofmosquitolarvaehasbeenreportedfor variousduckweedspecies,including
S.punctata,L.minor, Woiffia and Spirodala. It also explainsaboutpositive toxic effectsof
duckweedon larvae. The report also suggestsfuture researchon mosquito control by
duckweed.

(c) Constructed wetlands
Constructedwetlandsare man-madesystemsto simulatetreatmentof wastewaterin natural
wetlands.Two typesof constructedwetlandsystemsexistnamely, freewatersurface(FWS)
andsubsurfaceflow (SF). In FWSsystemwastewaterflow is kept0.1 — 0.6 m. abovethe soil
surface(in parallelbasinsor channels)and in SF systemthe waterdepthis maintainedjust
below thesoil surface.

Macrophyteshaveavery importantrolefor the removalofpollutantsin constructedwetlands.
Theyprovidea surfacefor microbial growth.Theoxygentransferby theaquaticplantsin to
rhizosphereincreasestreatmentefficiency.

BOD and TSS removal
BOD andTSSremovalin wetlandsystemsis very effective aspresentedin Table 3.9. These
resultsarecomparablewith findings in otherplants.
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Table 3.9 Removalof BOD and TSS in wetlands
PROJECT Flow

m3/d
Wetland

type
BOD (mg/I) SS (mg/I) %reduction
In Out In Out BOD SS

Lisstowel,Ontano
Santee,CA
Sydney,Australia
Arcata,CA
Emmitsburg,MD
Gustine,CA

17
N.A
240

11,350
132

3,785

FWS
SF
SF
FWS
SF
FWS

56
118
33
36
62

150

10
30

4.6
13
18
24

111
57
57
43
30

140

8
5.5
4.5
31

8.3
19

82
75
86
64
71
84

93
90
92
28
73
86

Source.Polprasert.,1996

Schierupand Bnx (1990)havemonitoredmanyhorizontal flow systemsin Denmarksince
1980.Manyof thesesystemshavesoil basedmedia.TheremovalefficienciesofBOD5, TSS,
total N andtotal Parepresentedin Table3.10.

Table 3.10 Removalefficiency of subsurface flow systems— Danish experience
Parameter

(mg/I)
Numberof

samples
Influent

mean±SD
Effluent

mean±SD
% Removal

BOD
5

TSS
Total N
TotalP

77
80
73
67

97.0±81.0
98.6±81.6
28.5±14 7

8.6±4.5

13.1 ±12.6
13.6±11.1
18.0±10.7
6.3±3.5

86
86
37
27

SD = Standarddeviation Source:Cooperet a!., 1996

The removal of coliforms in both FWSandSF wetlandsin US and Canadain summerseason
is presentedin Table3.11.

Gravelbed,subsurfaceflow
b Sand bed, subsurface flow
Freewatersurface

According to a dry weathersurvey carried out at Leek Wotton Treatmentsystems(UK)
during a period of five days,the overall meanof thepercentageremovalof total coliforms
was97.1 while that of theE.coli was97.3 (Cooperetal., 1996).

A monitoring programmecarriedout by Bavor in New South Wales,Australiashowedthat
standard wetlands systems were veryeffectivein removingfaecalcoliform up to astandardof

Table 3.11 Pathogenremoval in constructedwetlands (USA and Canada)
Location Summerseason

Influent Effuent % reduction
Santee,CA (bullrush)a

Totalcohform,no/lOOml 6.5*107 3*105 99.54
Bactenopage,PFU/ml 2,300 26 98.87

Isehn,PA (cattalis& grass)b
Faecalcoliform no./100ml 1.0* 106 723 99.93

Arcata,CA (bullrush)c
Faecalcoliform no./100ml 1,800 80 95.56

Listowel, Ont. (cattalis)c
Faecalcohformno./100ml 198,000 400 99.8

Source:Veenstra.,1997
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200F.C/100ml (Bavor., 1994).This standardis well abovetheWHO of 1,000F.C/100ml set
for reusefor irrigation ofcropslikely to beconsumeduncooked.

Mode of operation
Generally subsurfaceflow systemsare designedfor parallel operation. However Cooper
describesMidleton (Shropshire) sub subsurfaceflow wetland system which deals with
considerablylow wastewaterflows andwasmitially set up with two bedsin parallelbut was
later switchedto seriesoperation.It hastwo beds8 m wide and 10.5 m long with a depth
ranging from 0.60 m at the inlet to 0.705 m at the outlet. The area used is 5.6 m2/PE. The
respectiveresultsarepresentedin Table 3.12.

Table 3.12 BOD
5 I and TSSremovalat Middleton wetland system

Paralleloperation
m1992

BOD (mg/I) TSS(mg/I)
Feed Effluent Feed I Effluent
306 46 105 1

~
25

Senesoperation
m 1993

Feed Bed 1 Bed2 Feed Bed 1 Bed 2
333 109 22 109 43 15

ISource.Cooperetai, 1996

Loading rates
Cooperdescribesthemassloadingratesappliedin theDanishsubsurfaceflow systems.Table
3.13 showstherespectiveresults.

Table 3.13Loading rates applied in theDanish systems

SD = Standarddeviation Source:Cooperet a!., 1996

Media selection
Generally medium to gravely sand is used in the subsurfaceflow systems. The media
characteristicsof the sandaregivenin Table3.14.

Table 3.14Media characteristicsofthe subsurface flow systems

Source: Veenstra., 1997

Aquatic plants in the wetland bed
Therearemanyvarietiesof aquaticplants,which haveability to treatwastewater.The main
aquaticmacrophytesusedin the subsurfaceflow constructedwetlands include Phragmztes
australis (the common Reed), Typha lat~folza(the Reed Maces), Juncus effusus and
Conglomeratus (theRushes),Schoenoplectus lacustris (the true Buhush) and Carex (Sedge

No of systemstested Massloadmg
g/m

2.d_(mean_+_SD)
BOD5
TSS

TotaiN
TotalP

56
51
57
50

4.8 ±5.97
5.22±7.37
1.15 ±0.79
0.33±0.27

Mediatype Max.10%
gramsize

mm

Porosity(n) Permeability
(ks)

m3/m2.d

k
20

(RateconstantforBUD
removal)

Mediumsand
Coarsesand
Gravelysand

1
2
8

0.42
0.39
0.35

420
480
500

1.84
1.35
0.86
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family). Phragmitesaustralis is one of most productive,widespreadand variablewetland
speciesin the world. The multiplicity of biotypes confers a wide toleranceof climatic
conditions(Cooperet a!., 1996).The aquaticplanttypesandthecharacteristicsof theseplants
arepresentedin Table3.15.

Table 3.15 Macrophytes in subsurfaceflow wetlands

Emergentspecies
Temperature_°C Optimum

pHDesirable Survival

Phragmites
Typha
Juncus
Schoenoplectus
Carex

12 - 33
10-30
16-26
16 - 27
14-32

10 - 30
12-24

-

-

-

2.0 — 10.0
4.0—10.0
5.0—7.5
4.0 — 9.0
5.0—7.5

Source:Coopereta!, 1996

Mosquito breeding
The mosquito-breedingproblemin the FWS type constructedwetlandsis almost similar to
that of themacrophyticponds,which wasdescribedpreviously.Howeverthis problemis not
relatedto theSF typeconstructedwetlands,as thewatersurfaceis keptbelowthe soil surface.

(d) Land treatment
The applicationof wastewaterat a low loadingrate is widely usedfor agriculture.Theprime
advantagesof this processare;

• Low costtreatmentofwastewater
• Conservationofwaterthroughirrigation
• Recoveryof thenutrientsfor agriculture

The application of wastewater must be controlled effectively to get the desired efficiency and
to preventgroundwatercontamination.The applicationrate varies from 2.5 to 10 cmlweek
dependingon the type of the crop and soil. A scheduleshouldbe maintamedfor optimum
applicationofwastewaterdependingon theclimateandBOD loading. A high effluentquality
canbe expectedfrom thelandtreatmentprocessasshownm Table3.16.

Table 3.16 Expectedeffluent quality from land treatment
Constituent Average Upper range

BOD (mg/I)
TSS(mg/I)
Ammonianitrogenas N (mg/I)
Total nitrogenasN (mg/I)
Total phosphorusasP
Faecalcoliform, (no./100ml)

<2

<1
<0.5
3*

<0.1
0

<5

<5
<2
<8*
<0.3
<10

*Concentrationdependson loadmgrateandcrop
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4 TECHNOLOGICAL OPTIONS

4.1 Technologicaloptions for on-site sanitation

Sanitationis one of the prime objectivesof improving healthstandardsofthe peoplein the
developing countries.On-site sanitationis one of the cheapestand sustainableoptions in
achievingthisobjective.Thewidely spreadedon-sitesanitationoptionsandtheirapplicability
and limitationsarediscussedin this section.

Pit and pour-flushlatrine and cisternflush with septictanks are common types of on-site
sanitationsystemsin Sri Lanka.Howeverpour-flushis widelyspreadedall over thecountry.
It is popular among middle-income and low-income people due to moderate cost,
convenienceand low water requirement.Generally the low-incomegroupsuse simple pit
latnnesand to asmall extentVIP latrines. Thehigh-incomeand somemiddle-incomepeople
usecisternflush with septictanks.

Thepour-flushlatrine is an appropriatemethod.Thesquattingpansarefabricatedlocally (out
ofcement)andpeoplecanafford theprice.

Theventilatedpit latrinecanalsobeconsideredasan appropriatemethodin rural areaswhere
the pit canbe kept at a safedistancefrom the water source. The pit is ventilatedand fly
control is provided througha screenat the top of the ventilationpipe. It is very attractive
amonglow-incomepeopledueto very low cost.

The water closet is an attractive system among the high-incomepeople. It is becoming
popularamongtheurbanpopulation,but thehigh waterrequirementis amajordisadvantage
in this system.

Bucket latrines,whichhadbeenin usetill late 70’s areunhygienicandthereforerejectedby
thesociety.

TheAquaPrivy is moreexpensivethanthepour-flushsystemandit functionsunsatisfactorily
becauseofleakage.Thewatersealis lost if insufficientwateris added.

Introduction of dry sanitationis not practicablein Sn Lankasincethe societyhasa general
attitude that water shouldbe usedafterdefecation.Thereforecompostingtoilets arenot an
appropriatemethod.Its complicatedoperationis anotherreasonfor rejection.

Separationof grey andblackwateris practisedin the existing systems.Thegreywastewater
producedfrom bathroomsand kitchen is directly dischargedon ground and only black
wastewateris sentto septictank. Thereforereuseof grey water for the activities like toilet
flushingandgardeningcanbe considered.

Appropriate on-sitesanitation options
The pour-flushlatrine,VIP latnneand waterclosetwith septictank are consideredasmost
appropriateon-sitesanitationoptions.The advantagesanddisadvantagesof theseoptionsare
presentedin Table4.1.
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Table 4.1 Advantagesand disadvantagesof selectedon-sitesanitation options
Sanitation
option

Advantages Disadvantages

Pour- flush
latnne

Low cost
Convenientfor theuser
Pit is notvisible
Lesswateruse
Toilet canbeconstructedwithin the
house
No odourproblems

ExpensivethanVIP latrine

Ventilated pit
latrine

Low cost
Waternotrequired
Easyconstruction
Lessodourproblems
Controlof flies

Additional cost forventpipe
Needto keeptheinsidedark

WC with septic
tank

Convenientfor theuser
Pit is notvisible
Toilet canbe constructedwithin the
house
No odourproblems

Expensive
High waterrequirement

4.2Technologicaloptions for off-site sanitation

Thecommonoff-site sanitationoptions andtheir applicability and limitations are discussed
andprimaryselectionis donein thissection.

4.2.1 Wastewater collection

Technologicaloptions for wastewatercollection
The optionsavailableare: combinedand separateconventionalcollection systems,shallow
small bore sewersand intermediatesystemswith septic tanks or interceptorsand small-bore
sewers.

Combinedsewersarefar too expensivebecauseof high intensity rainfalls. Overlandflow of
stormwateris practised.The conventional(separate)sanitarysewersystemis preferred.The
maintenanceof conventionalsewersis much less than the small-boresewers.High capital
costis themaindisadvantage.

Small-boreseweris anotheroptionto transportsewageeither to a treatmentsite or to a trunk
sewer.The sewersaredesignedto be flushedfrequently and the sludgeis flushedalong by
successivewavesofwastewaterDenselypopulatedareasoffer favourableconditionsfor such
operations.But frequentblockagescanbe expectedwhenwastewaterproductionis low and
troublesomesolids (polythene,clothsetc.)aredisposed.

Small-boresewerscanbe precededby on-siteseptictanks. In this system,primary settling
and stabihsationof sludgeis donein the septictank. Thereforetimely removalof sludgeis
requiredto preventblockagesin thesewernetwork,which wasneverdonein practise.Perfect
maintenanceof septic tanks cannotbe expectedunless the authority closely monitors it.
Therefore this method is suitable for small-scalenetworks where close supervision is
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possible.Insteadofseptictanks,interceptorswithout stabilisationofsludgemaybeused.This
method also requires frequent maintenancethat has to be done by the community or
individuals. This system is thus only suitable in areaswith a high level of community
participation.

Another alternativeis communal septic tanks or interceptorsdischarginginto small-bore
sewers.The maintenanceand sludgeremoval in communalseptictanks is easierthan in the
individual systems.Howevercommonlandsarerequiredfor constructionofseptictanks.

Theselectionfrom thealternativesis determinedby local conditions,in particularwith regard
to the level ofcommunityparticipationandoperationandmaintenance.

4.2.2Primary treatment
Anaerobicpondsand improvedcommunalseptictanks are financially attractiveoptionsfor
theremovalofsettableorganicmatter.

Anaerobic ponds are preferred in areaswhere land price is low. The investment and
operationalcostsof anaerobicpondsare comparativelylow and operationis simple. High
removal of total BOD can be expected under tropical conditions. Odour nuisance is an
importantdisadvantage.

Improved settling tank with inflow at the bottom of the tank, similar as for UASB is also
consideredasan appropriateoptionin areaswherelandpriceis comparativelyhigh.

The selection from thealternativesis determinedby local conditionsin particularwith regard
to the landpriceandoperationandmaintenance.

4.2.3Posttreatment
Low-cost options to be consideredare: waste stabilisationponds, constructedwetlands,
trickling filters, macrophyticponds, fish ponds, rotating biological contactorsand land
treatment.

Wastestabilisation ponds
Waste stabilisation is an appropriatemethod for wastewatertreatment and reuse for
agriculturein areaswhere land prices are low, climate is warm and operation and maintenance
skills arepoor.The effluent from waste stabilisationpondscan easilybe madesuitable for
agricultureandhigh nutrient value in the effluent is an added advantage as fertiliser.

Constructed wetlands
FreeWater Surface(FWS) and SubsurfaceFlow (SF) typewetlands are the two types to be
considered.Themajorproblemassociatedwith theFWStypeis mosquitobreeding.In caseof
the SF type the waterlevel is keptbelow the soil surfaceandmosquito-breedingproblemis
avoided.Theeffluent canalso easilybemadefor agriculture.Thereforethe SubsurfaceFlow
typeconstructedwetlandsis selectedfor secondaryevaluation.

Sand filtration systems
Sand filtration systemshave beensuccessfullyused for wastewatertreatment in France,
Denmarkand Morocco asdescribedin Chapter3.2.3. Sinceriver sandis locally available
sandfiltration is alsoconsideredasan appropriateoptionfor wastewatertreatment.
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Trickling filters
Trickling filters arecomparativelycheapto build and simpleto operate,but it is not efficient
in removalofpathogenicorganisms.Thereforeit is appropriateonly whenagricultural reuse
is not applied.Reliability of powersupply and availability of skilled personal for operation
andmaintenancearetwo importantfactorsaffectingtheperformanceof trickling filters which
thereforecamiotbeappliedin ruralareas.For examplecloggingof filters dueto excessivebio
film formationmayoccur.

Macrophytic ponds
Duckweedhasshown goodperformancewith regardsto thechoiceof a macrophyticplant.
Therearemanyadvantagesofusingduckweedpondsfor wastewatertreatmentasdescribedin
Chapter3.2.3.TheBOD andpathogenremovalsarealsovery satisfactory.Howeverthereare
two conflicting opinions about mosquito control. While one argues that duckweedpond
enhancesmosquitopopulationthe othersaysit preventsmosquitobreeding(Chapter3.2.3).
Thediseasetransmissionthroughmosquitoes(encephalitis,filariasis,malariaand dengue)is
oneofmajorhealthproblemsin NorthWesternProvince.Thereforefurtherresearchis needed
to include this option for wastewatertreatmentin Sri Lanka. Duckweedtechnologycan be
appliedin areaswheremosquitobreedingdoesnotoccur(for example:up country).

Fishponds
Fishpondsare an attractivemethodfor wastewatertreatmentin developingcountriesas it

providesemploymentopportunitiesaswell asnutritious foodfor thepeople.Howeverin Sri
Lankapromotionof animal farmingis rejecteddue to religious reasons(asthe majority are
Buddhists). Heavy socialresistanceagainst freshwaterfish cultivation project is a recent
examplein this regard.Fishpondscanbe applied amongfishing communitieswith different
religiousbackground.Thepopulationdensitiesof thefishing communitiesin NorthWestern
Provinceare relatively low andthereforeon-sitesanitationcanbe provided.Thereforethis
option is not consideredfor furtherevaluation.

Rotatingbiological contactor treatment systems(RBC)
Rotatingbio disks for wastewatertreatmentaremorecomplicatedto build and operatethan
trickling filters. Removal of pathogenicorganisms is also not up to the standardof
agriculturalreuse.The operationand maintenanceproblemsaregenerallyhigh. For example
keepingthe moving items like main shaft, bearings,motors, driving belts in good order is
complicated. Hence skilled operatorsare needed. Reliable power supply is a prime
requirementto preventdie-offof the biomass.Relatively high investmentcost and frequent
breakagesof the equipment(main shaft etc.) due to excessiveweight of biomassare two
disadvantagesmakingRBC unsuitablefor local conditions.

Activated sludge treatment systems
The towns in the study are relatively small (less than 100,000 inhabitants). Therefore
activated sludge need not to be consideredbecause,capital and operational costs are
extremelyhigh. The removal of pathogenicorganismsis also far below the standardof
agriculturalreuse.

Land treatment systems
Direct applicationof wastewaterto a vegetatedland (restrictedirrigation) is the simplest
methodofwastewatertreatmentandreuse.Oneof therestrictionscouldbe therequirementto
provide storageduring the rainy season,which is neededto preventpossiblepollution of
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drinking watersourcesin thesurroundingvillageswhenuntreatedwastewateris carriedaway
with the surfacerunoff. Therefore the need for storagemust be investigatedwhen land
treatmentis selected.
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5. STRATEGIES FOR SANITATION AND REUSEOF WASTEWATER

The aim of formulating a strategyis to identify sustainabletechnical solutions to prevent
possiblegroundwaterpollution and to reusewastewaterin Sri Lankawheresanitationis not
consideredunder the currenturbandevelopmentprogrammes.The study areais limited to
North WesternProvince. Thesestrategiesdevelopedare applicablein other areasin Sri
Lanka,which havethesamecharacteristics(topography,populationdensityetc) asthestudy
area.

The threemajortowns in North WesternProvince(populationgreaterthan30,000)namely
Kurunega, Puttalam and Chilaw are shown in Figure 5.1. Howeverthe provincial capital
(Kurunegala)is not consideredin this study, as it is includedin the urban development
programmelaunchedby theUrbanDevelopmentAuthority of Sri Lanka.Theothertwo towns
are located in the dry zone and the case study is done for Puttalamtown considering
agricultural reuse. The housing schemesclose to the provincial capital (urban housing
schemes) are considered as a separate category. Thesmall townships,villages and smaller
housingschemesarethethird categoryconsidered.

Figure 5.1 Map of the North Western Province (area under study)

• Major towns
• Small towns

— Provincial boundary

Distnct boundary
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5.1 A strategy for major towns

The proposedstrategy is aimed to identify appropriatemethodsto prevent groundwater
pollution andto find possibilitiesto reuseof wastewaterin Puttalam,a typical majortown in
thedry zone.

The existingpopulationin thetown is 37,000capitawhile theaveragepopulationdensityis
80 capita!ha.Thepopulationdensityin the town centreis around175 capitalha.The expected
growthrateis 1.5%(seechapter2.2). Thentheexpectedpopulationin theyear2030is 57,800
capita.

Two collectionnetworksareproposedfor the town. Theschematiclayout of thesewermains
is shownin Figure5.2. Onesystemcollectswastewaterfrom theareacloseto thesea(Area2)
which cannotbe usedfor agricultural purposesbecausethe wastewaterwill be saline.The
other systemcollectswastewaterfrom the remainingareaand will be usedfor agricultural
purposes.

Thewaterdistributionnetworkin thetown wascommissionedin 1996.Pipeshavebeenlaid
consideringfuture expansionsof the town. Therefore the end points of the wastewater
collectionnetworkarealsoselectedon thesamebasis.

5.1.1 Proposal for Area-I
It is assumedthat thepercentageofconnectedpopulationin area1 is 90 % in year2030. Then
the expectedpopulationin this areain theyear2030 is around47,000capita.The respective
surfaceareais 425ha.

(a) Wastewater collection and treatment

Wastewater collection
A small-boresewersystemis one of the options to be considered.Disposalof troublesome
solids like polythene,clothsetc.hasbeenreportedfrom othersewerageschemesin theisland.
Thewastewaterproductioncanalsobe lower thanexpected.Thereforepilot studiesshouldbe
carriedoutbeforeselectingsmall-boresewersas asuitableoption.

As describedin Chapter4.2.1, small-boresewerswith individual septictanksor interceptors
arenot selecteddue to lack of closesupervisionand a low level of comiriunity participation
expectedfrom employedpeoplein majortowns.

Individualpeopleownthe landsin majortowns.Thereforefinding commonlandsto construct
communaltanksand to lay houseconnectionsis not practical Thereforesmall-boresewers
with commonseptictanksarenot consideredas an appropriateoption.

Hencetheconventional(separate)sanitarysewersystemis preferredfor Puttalamtown. The
designprocedureandthe respectiveresultsare presentedin Appendix 5.1. The summaryof
thedesignresultsis presentedin Table5.1.
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5_Strategies

Table 5.1 Summaryof the designresults — collection network
Section Diameter

mm
Length

m

1-2
3-4
5-6
7-6
6-9

Pumpingmain
Secondarysewers

300
300
300
250
500
300
160

1400
2700
2100
2600
1600
2900

69,000

Primary treatment
As describedin Chapter4.2, anaerobicpondsareselectedfor primary treatmentdueto very
low land cost. The designpopulation is takenas 50,000 capita. The preliminary design
proceduresandrespectiveresultsarepresentedin Appendix 5.1. Thesummaryof the design
resultsis presentedin Table5.2.

Table 5.2 Designresultsof anaerobicponds
Parameter Unit Value

Designpopulation capita 50,000
Daily wastewaterproduction m3Id 4,050
Influent BOD

5 mg/I 430
No of pondsm parallel Nos. 2
Surfaceareaperpond (atmid depth) m

2 1,480
Depthofthepond m 4
Freeboard m 0.5
Desludgingfrequency years 2
Effluent BOD

5 mg/l 170

Posttreatment
As describedin Chapter4.2 the appropriatetechnologicaloptions suitable for wastewater
treatmentare:wastestabilisationponds,constructedwetlands,sandfilters, trickling filters and
landtreatment.Howevertrickling filters and land treatmentprocessarenot selectedfor the
wastewatertreatmentin Puttalamtown, asthe proposedcrops (rice, vegetables,fruits etc)
requirehighereffluent standards.

Thereforewastestabilisationponds,constructedwetlandsand sandfilters are consideredfor
evaluation. The design population is taken as 50,000 capita. The preliminary design
proceduresandrespectiveresultsarepresentedin Appendix5.1. Thesummariesofthedesign
resultsarepresentedin Tables5.3, 5.4 and 5.5.
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Table 5.3Design resultsofalgaeponds
Parameter Unit Value

FP1 FP2 MP
General data
Designpopulation capita 50,000 50,000 50,000
Daily wastewater production m3Id 4,050 4,050 4,050
Influent characteristics
InfluentBOD

5 mg/I 170 70 -

Influentcohfonncount FC/lOOml 2.5x10
7 5.8x105 28xl04

Ponddimensions
Volumeofapond m3 10,230 9,180 12,480
Surface area per pond (at mid depth) m2 6,050 5,740 8,400
No ofpondsin parallel Nos 2 2 2
Averagedepth m 1.7 1.6 1.5
Freeboard m 0.5 0.5 0.5
Effluent characteristics
EffluentBOD

5 mg/i 70 30 -

Effluentcoliform count FC/100ml 5.8x10
5 2.8x104 1,000

Table 5.4 Design results of constructedwetlands
Parameter unit Value
General data
Designpopulation
Dailywastewaterproduction

capita
m3/d

50,000
4,050

Influent characteristics
InfluentBOD

5 mg/i 170
Influentcoliform count FC/100ml 2.5xiø~

Constructed wetlands
Surfaceareaperbed m 1,975
Average depth of a bed m 0.6
Numberof beds(in parallel) Nos. 10
Effluent characteristics
Effluent BOD5 mg/i 30

Effluentcoliform count FC/l00ml 1,000

Table 5.5Design results ofsandfilters
Parameter Unit Value

General data
Designpopulation
Daily wastewaterproduction

capita
m

3/d
50,000
4,050

Influent characteristics
Influent BOD

5 mg/i 170
Influentcoliform count FC/100ml 2.5x10~
Dimensionsof the filter beds
Surface area perbed m

2 1,550
Average depth of abed m 2
No ofbeds Nos. 12
Effluent characteristics
Effluent BOD

5 mg/I 30
Effluentcoliform count FC/100ml 1,000

33



5. Strategies

(b) Costcomparisons
Thetechnologicalalternativesconsideredfor costcomparisonsare:
Alternative1: Collectionnetwork+ anaerobicponds+ constructedwetlands
Alternative2: Collectionnetwork+ anaerobicponds+ sandfilters
Alternative3: Collectionnetwork+ anaerobicponds+ facultativeandmaturationponds

Cost estimateswere preparedbased on the current rates obtained from NWS&DB and
Departmentof Irrigation in Sn Lanka. The respectivecostestimatesfor different alternatives
are presentedin Appendix 5.3. The summaryof the cost calculationsis presentedin Table
5.6.

Table 5.6 Cost comparison for different technologicaloptions
Capital

cost
US$

Annuity

USS

Running
cost/year

US$

Totalannual
cost
USS

Alternative 1
Alternative2
Alternative3

1,705,522
2,009,543
1,700,712

114,769
135,228
114,446

90,689
86,788
87,879

205,458
222,016
202,325

(c) Selectionof the appropriate alternative
Alternatives1 and3 arevery similar, asthedifferenceis only 1.5%. Alternative2 (sandfilter)
is 10%moreexpensive.

Sincethe costdifferencebetweenalternatives1 and3 is small a technicalcomparisonis made
for final evaluation.Wastestabilisationpondsarepreferredover constructedwetlandsfor a
majortown dueto following reasons

• Thetechnologyof thewastestabilisationpondsis familiar to the local contractors
assmall scaleirrigation structuresexistin theregion

• Since manywetlandbeds are involved, influent distribution of the constructed
wetlandsis morecomplex.

• Thereis no experienceof local aquaticplantsto be usedin thewetlandbeds

5.1.2 Proposal for Area-2
Theexpectedpopulationin Area 2 by year2030 is around6,500 capita.Therespectivesquare
areais 53 ha. Off-site sanitationis proposedoniy for the commercialarea.The expected
populationin the commercial areais about 2,600 capita (40%). The expectedconnected
populationis around2,300 capita(90%). Therespectivesurfaceareais about12 ha. On-site
sanitationis proposedfor remaimngarea.

(a)Wastewater collection and treatment
Thewastewatercollectedform this areawill bedirectedto apost treatmentsitenearthe sea.
Thepost treatmentincludesanaerobicpondsand naturalsand bedsnearthe sea The pond
effluent will percolatethrough the sandbedsand finally dischargedinto the ground. The
respectivedesigncalculationsarepresentedin Appendix 5.2 The summaryof the design
resultsis presentedin Table5.7.

34



5. Strategies

Table 5.7 Summaryof the designresults - wastewatercollection and treatment
Descnption Unit value

General
Population capita 2,300
Daily wastewaterproduction m3/d 185
BOD

5 of rawwastewater mg/I 435
Collectionnetwork
160mmdia. pipes m 2,560
Numberofmanholes Nos 95
Anaerobicponds
Volume m

3 360
Hydraulicretentiontime days 2
Depth m 2.5
Surfacearea m2 145
Effluent BOD

5 mg/I 175
Numberofponds(parallel) Nos. 2
Sandfilters
Influent BOD5 mg/i 175
Influentcoliform count FC/l00ml 2.5x10~
Total surfacearea m

2 880
Depthof thebed m 2
Effluent BOD

5 mg/I 30
Effluent coliforni count FC/l00 ml 1,000

(b) Costestimates
Cost estimates were preparedbased on the current rates obtained from NWS&DB and
DepartmentofIrrigation in Sri Lanka Therespectivecostestimatesarepresentedin Appendix
5.3. The summaryofthe costsis asbelow.

Capitalcost = US$ 23,676
= US$298Runningcost

5.1.3 Cost estimate for entire system
Thecostestimatesfor entiresystemis presentedin Table 5.8.

Table 5.8 Summary of costsfor wastewatercollection and treatment
Area Capitalcost

Uss
Runningcost

USS
Area-l
Area-2
Total

1,700,712
23,676

1,724,388

87,879
298

88,177

5.1.4Agricultural reuse
Two alternativemethodsproposedfor agriculturalreuseareasfollows.

• Fruit andcoconutcultivationin theunutihsedlands
• Paddy, vegetablesand cereal crop cultivation in the paddy fields

farmlands
and traditional

Alternative 1: Fruit and coconutcultivation
Fruit andcoconutcultivation in the unutilisedgovernmentlandsis focusedin this option. The
typesof fruits proposedare banana,pineappleandpapaya.Pnvatesectorparticipationto be
obtainedby giving theselandsto theprivatesectorby a leasecontract.Thecrop productionis
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calculatedfor aperiodof30 years.The respectivecalculationsarepresentedin Appendix 5.4.
Theincomegeneratedby thecrop is presentedin Table5.9.

Table 5.9 Income generatedby coconutand fruit cultivation
Period 2000-2010 2010-2020 2020-2030
Annual income (USS) 72,351 104,999 121,322

Alternative 2: Paddy,vegetablesand cerealcrop cultivation
The aim of this proposalis to supply water for cultivation of paddy, vegetablesandcereal
crops in the paddy fields and traditional farmlandsin the area.The crop production is
calculatedfor aperiodof 30 years.Therespectivecalculationsarepresentedin Appendix5.4.
The incomesgeneratedby the cropsarepresentedin Table5.10.

Table 5.10 Incomegeneratedby paddy, vegetablesand cereals
Period 2000 - 2010 2010 - 2020 2020 - 2030

Annual income (USS)
Paddy 20,672 23,684 27,366
Cerealandvegetables 24,117 27,631 31,927
Total 44,789 51,315 59,293

5.1.5 Cost recovery
The capital and running costs of agriculture schemeand sewerageschemeare analysed
separately.Therespectivecalculationsarepresentedin Appendix 5.5.

(a) Agriculture scheme
Thecapitalcostofthe agriculturalschemeincludescostsofpumpingstation,pumpingmain,
maturationponds anddistribution of treatedeffluent up to the agricultural site. The running
costsinclude pumpingcost (electricitycost) and 25% of operationand maintenancecost of
thewholescheme,includingseweragebut excludingelectricity.

The life spanof eachoption was consideredas30 years.The real interestrateof 5.3%was
usedfor calculationof the annualcosts.The respectiveannualcostsare presentedin Table
5.11.

Table 5.11 Annual costfor agriculture scheme
Capitalcost Annuity Runrnngcost Annual cost

US$ USS US$ US$
128,000 8,600 27,000 35,600

Annuity factor= 0.067293

Cost recovery from Alternative 1 (coconutand fruit cultivation)
The annual cost (US$ 35,600) is 36% of the annual income (US$99,600)generatedby
Alternative1 (Appendix 5 4). Thecostthat canbecharged(from privatesector)is assumedas
15%.Thereforecostrecoveryfrom alternative1 is not feasible.

Cost recovery from Alternative 2 (paddy and cereal crop cultivation)
In Sri Lankawatersuppliedto farmlandsfrom irrigation schemesis not billed. Thereforecost
recoverycannotbe expectedfrom Alternative 2. However the income generatedthrough
paddy,cerealcropsandvegetablesis attractivefor farmersto eliminatetheir poverty. The
governmentaspractisedin imgationschemesshouldprovidethecapitalandrunningcosts.
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(b)Seweragescheme
The capital cost of sewerageschemecomprisesof: costs of collection network, anaerobic
pondsand facultativepondswith respectto Area 1 and total estimatedcost with respectto
Area 2. Therunningcostincludes75% of operationand maintenancecost of whole scheme
excludingelectricity.

The life spanof eachoptionwas consideredas 30 years.The real interestrate of 5.3%was
usedfor calculationof the annualcosts.The respectiveannualcostsare presentedin Table
5.12.

Table 5.12 Annual cost for seweragescheme
Capitalcost

USS
Annuity

USS
Runnmgcost

US$
Annual cost

USS
1,596,400 107,500 61,200 168,700

Annuity factor= 0.067293

The annualcostper householdis US$ 22.60 (assumingan averageconnectedpopulationof
41,000capita).An averageannualincomearoundUSS 650 per householdcanbe estimated
for Puttalam town. Then the annual seweragecost per householdis around 3.5% of the
respectiveannualincomeand thereforenot within affordablelimit. Governmentgrantaround
75%of capitalcostis requiredto maketheproposalfeasible.

Thetariff structurecanbepreparedbasedon theaveragewaterconsumptionasall thewater
connectionsare metered.Howeverthe low-incomecommumty(standpost users)should be
billed on anommalvalue.

5.1.6 Implementation
The implementationof the sewerageproject can be donethroughNWS&DB asthey are the
national authority responsiblefor sewerageand are capableof maintaining the sewerage
projectsofthis calibre.

5.2 A strategy for new urban housingschemes

Provisionof infrastructurefacilities at the constructionstageof the housingschemesis the
moreeffectivewayof planning.As describedin chapter2.4 thehousingschemesformed by
private landdevelopersdoesnot consistofbasicsanitationfacilities. This strategyis to find
out thepossibilitiesofproviding asewernetworkand a treatmentsystemfor a newhousing
schemeattheconstructionstage.

Thebasicdatalike landareaperhouse,landpnce,numberof housesin thehousingschemes
andhouseholdsizeetc. areconsideredsimilar to thoseof the existinghousingschemes.(The
basic dataof some existing housing schemesare presentedin Appendix 2.1). It is also
assumedthat the treatedeffluent is to be dischargedto the nearbypaddy fields through an
agricultural stream.The technologicaloptions consideredand designparametersused are
describedbelow.

A typical arrangementof a housingschemeis shownin Figure 5.3 and the respectivebasic
dataarepresentedin Table5.13.
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Table 5.13 Basicdataof a typical housingscheme
Description Unit Value

Totalno ofhouses Nos. 100
Householdsize 5.5
Population capita 550
Areaofa block ha 0.03
Averageland pricewithm thehousmgscheme/ha Rs 16,000,000
Populationdensity Capita/ha 160
Percapitawasteproduction g/c/d 35
Percapitawaterconsumption held 135
Percapitawastewaterproduction lJc/d 108
InfluentBOD5 concentration mg/i 325
Total lengthofhouseconnections m 1,500
Averagelengthofprimarysewers m 1,300
Lengthofthe mamsewer m 1,700
Averagelandpriceatsecondarytreatmentsite/ba Rs 6,000,000

Houses

Main sewer
Streetsewers
Internal roads

Figure 5.3 Schematicdiagram of a typical housing scheme
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5.2.1 Preliminary designof collectionnetwork and treatment system
The residents in these housing schemesare of high or middle-income categoriesand
communityparticipationfor maintenanceofpipelinesetc.cannotbe expected.Theproposed
systemshouldbe with lessmaintenance.Pipelaying throughcommonlands is not considered
as theresidentsof this categorypreferprivacy. Thereforeindividual and communalseptic
tanks arenot selected.Small-boresewersare also not consideredduethe similar reasonsas
explainedin Chapter5.1.1 (majortowns).Henceconventionalsewersareconsideredfor these
housingschemes.Thedesigncriteriausedarepresentedin Appendix5.6. Thesummaryof the
designresultsis presentedin Table5.14.

Table 5.14Design results for collection network
Pipe Diameter(mm) Length(m)

Houseconnections 110 1,500
Pnmarysewersin thesubroads 160 1,300
Sewermain up to thetreatmentsite 160 1,700

Primary treatment:
Technologicaloptionsconsideredare:

• UASB typeseptictank (improvedseptictank)
• Anaerobicpond

Thedesigncriteria usedare presentedin Appendix
arepresentedin Table5.15.

5.6. The summariesof thedesignresults

Table 5.15 Designresults for primary treatment
Parameter Unit value

UASB typeseptictank
Flow m3/d 59
Influent BUD

5 mg/i 324
Desludgingfrequency years 0.5
Volume m

3 20.3
Hydraulicretentiontime hours 8.2
Effluent BUD

5 mg/i 130
Anaerobicpond
Flow m

3/d 59
InfluentBOD

5 mg/I 324
Depth m 3
Volumeofthepond(circularpond) m

3 149
Hydraulic retentiontime days 2.5
Effluent BOD

5 mg/i 130
Desludgmgfrequency years 2

Post treatment
Sincethetreatedeffluent is dischargedto the paddyfields trickling filters arenot considered
for evaluation.In addition to this, maintenanceoftrickling filters by a small communitywill
be difficult (asdescribedin Chapter4). Thereforeconstructedwetlands,wastestabilisation
pondsandsandfilters areselectedfor furtherevaluation.Thesummaryof the designresultsis
presentedin Table5.16.
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Table 5.16Designresults for post treatment
Parameter Unit value

Constructed wetlands
Flow m3/d 59
Influent BUD

5 mg/i 130
Effluent BUD5 mg/i 30
Lengthofthebed m 12
Width of thebed m 11
Depthofthebed m 0.6
No. ofbeds 2
Sand filters
Flow m

3/d 59
InfluentBUD

5 mg/I 130
Effluent BUD5 mg/i 30
Lengthofthebed m II
Width ofthebed m 10
Depthofthebed m 2
No. ofbeds 2
Waste stabilisation ponds
Flow m

3/d 59
InfluentBUD

5 mg/i 130
Effluent BUD5 mg/i 30
Surfaceareaofthefirst pond m

2 180
Averagedepthofthefirst pond m 1.7
Surfaceareaofthesecondpond m2 192
Averagedepthofthe secondpond m 1.6
Total hydraulic time days 10

5.2.2Cost estimation and comparison
Cost estimationof different options is done in this section.The life spanof eachoptionwas
consideredas30 years.Therealinterestrateof 5.3%wasusedfor calculationof theannual
costs. Costestimateswere preparedbasedon the currentratesobtainedfrom NWS&DB and
Departmentof Irrigation in Sri Lanka. The respective
Appendix5.7.

Capital cost
Thesummaryofcapitalcostsis presentedm Table5.17.

Table 5.17Summary of capital costs
Item CapitalcostUSS

Collectionnetwork 33,219
Primarytreatment
UASB typeseptictank 2,942
Anaerobicpond 8,989

Posttreatment
Constructedwetlands 31,407
Sandfilters 33,032
Wastestabilisationponds 34,615

Costcomparison
Costcomparisonbetweenprimary andpost treatmentoptions is done in this step.Thesecost
comparisonsarepresentedin Table5.18 and 5.19 respectively.

cost estimates are presentedin
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Uption Capitalcost
USS

*Runnmgcostlyear
USS

UASB type septictank 2,942 33
Anaerobicpond 8,989 33

* Costofdesludgmg

Table 5.19 Cost comparison betweenpost treatment options
Uption Capitalcost *Rjjririlng cost/year

USS US$
Constructedwetlands 31,407 2,134
Sandfilters 33,032 2,148
Wastestabilisationponds 34,615 2,134

*Including staffandmachineryfor collectionnetwork

5.2.3Technologyselection

Primarytreatment
Thecapitalcost of the UASB type septictankis less than that of the anaerobicpond. Land
priceseemsto be themajordecidingfactorofthe capitalcost. Thedisadvantageof theseptic
tank systemis comparativelyshortdesludgingfrequency(6 months).But vacuumtruckscan
be hired from the Municipal council and a caretakersystemis proposedfor maintenance.
Thereforethis is not a majorproblemin regularmaintenance.Hencethe UASB type septic
tank is selectedastheappropriateoption.

Posttreatment
Thelowestcapitalcostis for constructedwetlands.The runningcostsofconstructedwetlands
andsand filters are almost same.Sincethis is a very small-scaleplantthe influent distribution
in constructedwetlandsis not complicatedasthat in a large-scalesystem.Howeverlack of
knowledgeabout local aquaticplantsis anotherdisadvantage.But it is expectedthat this
problemcan be overcomeby doing further researchand pilot scalestudies. Thereforeby
consideringthesefactsconstructedwetlandsystemis selectedasmostappropriate

5.2.4Affordability

Capital cost
Thecapitalcost of the lowestoption is US$ 67,568.Whenthis capitalcost is includedin the
land pricetherespectivecontributionis US$ 676 per0.03 ha (12 perch) plot. Thenthenew
averagelandpriceper 0.03 haplot is US$7,288.This is only 10%increasewhencompared
with theoriginal landpricesof USS6,612per 0.03haplot.

Thespacerequirementsof a typical housingunit at presentincludethehouse,septictankand
soakagepit, shallow well andsomespacefor gardening.But this spacerequirementcanbe
reducedconsiderablyby providingoffsite sanitationfacilities.

Thereforetheminimum plot areamay be reducedfrom 0.03 ha to 0.025 ha (10 perchesstill
keepingenoughspacefor a shallowwell and gardening.Then the averageprice per plot is
USS 6,073 and which is even lower than the original land price for a 0.03 ha plot and
thereforeaffordablefor thebuyers.

Table 5.18Cost comparison betweenprimary treatment options
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Sincethe developedland with more infrastructurefacilities will be moreattractiveamongst
thebuyersthe land developmentagencieswill be benefitedtoo by the proposedstrategy.It
will also improvethe sanitationin the housing schemesand preventpossiblegroundwater
pollution. Provisionofwatersupplyfacilities mayalsobestudiedin thisregard.

Cost recovery
Therunningcost perhouseholdperyearis USS 22. The residentsin thesehousingschemes
belongto uppermiddle classand the averageannualincomeis aroundUSS 1650. Thenthe
averageannualseweragebill is only 1.3% ofthetotal incomeandthereforeaffordable.

5.2.5Strategy for Implementation

Theexecutionoftheconstructionworksshouldbeinitiatedby thelanddevelopmentagencies
at the stageof land development.Governmentshould introducenew regulationsregarding
land development in order to ensure proper implementation by the respective land
development agencies.The necessarytechnical guidancecanbe given through the National
WaterSupplyandDrainageBoard(NWS&DB) at areasonablecost.

The routine maintenanceis to be carried out by the housing society. A preventive
maintenancescheduleshould be followed in this regard.A caretakeris to be appointedto
performthis task.Contractlabour canbeobtainedwhenevernecessary.The sludgeremoval
to be carriedout by a vacuumtruck andthe assistanceof the municipal council should be
given to perform this task. The machinerymaintenanceto be carriedout either throughthe
NWS&DB or through a reputedprivate mstitution.The necessarytechnical guidanceto be
providedby the NWS&DB. The expensesrelatedwith all maintenanceactivities should be
baredby the housingsociety.

A three-tiermaintenancepolicy (governmentalpolicy) to be developedto link the three
institutions:housingsociety,municipalcouncil andNWS&DB asbeingin practisein thetube
well maintenance.This ensurestheresponsibilityof eachinstitutionto achievethe common
goal.

5.3A strategy for existingurban housing schemes

Theexistinghousingschemessituatedjust outsidetheold town limits will be incorporatedto
thetown developmentplan astheproposedtown limits covertheseareas.Thereforeonly the
housingschemessituatedabout3—6 km away from theproposedtown limits are considered
underthis study.

Onsitesanitationfacilities with septictanksareavailablein thesehousingschemes.But these
septictanks are too closeto the drinking watersources(shallow wells) andsometimesnot
properlysealed.Thereforethereis abig risk ofgroundwaterpollution.

The technicaloptions consideredto improve the situationare similar as thoseof the new
housingschemes.

5.3.1 Preliminary designand cost estimation
Thedesignprocedureis sameasthat ofthe newhousingschemes.About 30%increaseofthe
capitalcost canbe expected,asthe sanitationsystemis not plannedat the initial stage.Then
thecapitalcostofthe systemis USS 87,838.Therespectiveannualcost (includingcapitaland
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running costs)perhouseholdis US$ 81 (annuityfactor is 0.067,293).This is about4.9%of
theannualincomeofahouseholdand thereforetoo high.

5.3.2 Affordability
The main problem associatedwith the existing housing schemesis recoveryof the capital
cost Significant contribution for the capital cost cannotbe expectedfrom the community
unless it is recovered through a tariff structure.Only 10% recoveryof the capital cost is
affordableto the community. Thereforegovernmentgrant up to 90% of the capitalcost is
requiredto makethe proposalfeasible.Thenthe respectiveannualcostperhouseholdis only
27 USS.This about1.7% oftheannualincomeofahouseholdandthereforeaffordable.

5.3.3 Implementation
As a short term measurethe existing septictank systemsto be improved(improvementof
septictanksystemsarediscussedin Chapter5.4). Howeverconstructionof offsite systemin
future to be considered.Theconstructionworks and operationandmaintenanceactivities are
similar to thenewhousingschemes.

5.4A strategy for small towns,villages and rural housingschemes

5.4.1Areaswith population density between50 — 150 capita/ha.
Small towns, rural housing schemesand villages with populationdensity higher than 50
capitalhabelongto this category.On-site sanitationis the existingsanitationmethodin use.
As describedin thechapter2.4 themajorproblemsin theexistingsanitationsystemsare:

• No standardis followedwhenlocatingthecesspoolsandseptictanks
• Constructionquality ofthecesspoolsandseptictanksarepoor

(a) Proposedsystem
The soil permeability in the area is moderate(15 — 25 11m2.d). The groundwatertable
generallylies below2m. Sincethe populationdensityis low provision of off-site systemsis
expensive.Thereforethe existing sanitation systemsin use (on-site sanitation)with some
improvementsare proposed.As describedin the chapter4.1, pourflush toilet is suitablefor
theareaas mostpeoplecanafford it. A waterclosetwith septictank is optional for thehigh-
incomegroup.

Locatingtheseptictanks
The septic tanks and soakagepits should be locateda reasonabledistanceaway from the
drinking watersources.A distanceof 1 5m will be safeenough.Therequiredstandardcanbe
achievedin manycases.Thereforerelocatingof the septictanks is an importanttask in the
proposedimprovements.

Wastewaterdisposal
In the existing systemthe grey wastewaterproducedfrom the bathroomsand kitchen is
directly dischargedon thegroundand only theblackwastewateris sentto theseptictank.The
samemethodwith someimprovementscanbe adopted.Thegrey watercanbedischargedto a
trenchlocatednearabig tree(like coconuttree)as its pathogencontentis very low and the
BOD removal is important.Theblackwaterto be directedto theseptictankandtheeffluent
to be dischargedthrougha soakagepit filled with stones.The effluent dischargethrough a
sandbed in thesoakagepit will be saferwhenthedistancebetweenthe pit andthe drinking
watersourceis lessthantherequiredstandard.
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Improvements in the septic tanks
Improving the quality of the septic tanks is one of the important things to be done. The
existmgseptictanksshouldberehabilitatedup to theproposedstandard.

Theseptictank canbe constructedwith bricks, asthetechnologyis locally popular.A screed
concreteto beprovidedin orderto avoid failuresdueto unevensettlements.Theinsideofthe
tank should be plasteredwith cementand sandto preventleakage.The septictank maybe
single or doublecompartmentdependingon the affordability. The preliminarydesignof the
septictank is presentedin Appendix5.8.

(b) Cost estimates
The capitalcosts for single and double compartmentseptictanks are USS 40 and US$ 62
respectively.The respectivecostestimatesarepresentedin appendix5.8. Reductionof 20% -

30%costsmaybeexpectedby introducingcommunityparticipation.

(c) Domesticreuse
The grey wastewatercan be treatedand reusedfor toilet flushing and gardening.This
becomesimportantin the houseswhere individual pipedwater supplysystemsare available
andshortageofwaterin thesource(duringthe droughtperiod)exists.

The averagegrey waterproductionin a typical houseis about 300 — 400 lId and is quite
sufficient for reusepurposes.An anaerobiccompartmentto removeoil and greaseaswell as
certainportionof BOD and sandfilter bedto removeremainingBOD andpathogensmaybe
anappropriatemethodfor treatment.Howevermoreexperimentalstudiesmaybenecessaryto
evaluatethesituation.

(d) Implementation
As a short-termmeasure,critical areaswhere groundwaterpollution is higher should be
identified and priority should be given for upgrading.Long term planning is necessaryto
upgradethe entire system.Introduction of an educationalprogrammeaboutpreventingthe
groundwaterpollution should also be includedfor the planningprocess,asattitudechanges
arevery importantfor thesuccess.

A standardto be maintainedwhenthe new septictanksareconstructed.The local authority
togetherwith theirmonitoringprogrammefor building constructioncando themonitoring.

A loan schememay be necessaryfor implementationof the proposal. The existing loan
schemefor housingdevelopmentcan beextendedfor this purpose.A governmentgrant(or
foreignaid) mayalsobenecessaryfor the low-incomepeople.

5.4.2Areaswith population densitybelow 50 capita/ha.

(a)Proposedsystem
The remoteareaswith low populationdensity(below 50 capitalha)belong to this category.
As describedin the chapter2.2, therearesomepeoplein theseareaswithout any sanitation
systemsin use.As discussedunder chapter4.1, VIP latrine and pour-flush latrine canbe
introducedfor theseareas.But mostpeoplewill useVIP latrine dueto its low cost.
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(b) Implementation
Communityparticipationis a very importantactivity in the implementationprocess.Thetoilet
canbe constructedusing the localmaterials.Howevertheslabandtheventilationpipeshould
bedistributedfreeofchargeamonglow-incomepeoplein orderto obtainsuccessfulresults.
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6 CONCLUSIONS AN]) RECOMMENDATIONS

6.1 Conclusions

1. Off-site sanitationin new urbanhousingschemesis technicallyand financially feasible.
The capitalcostofthesanitationsystemshouldbe includedin the landprice.

2. An appropriatetreatmentofwastewaterfrom urbanhousingschemesincludes: improved
septictank (IJASB type)asprimarytreatmentandconstructedwetlandsasposttreatment.
The treatedeffluent is suitable for paddy cultivation. The land price seemsto be the
decidingfactorfor selectingthetreatmentmethod.

3. Thehousingsocietyshould do maintenanceandrecoveryof running costof the sewerage
scheme.A caretakersystemis proposedfor routinemaintenance.The assistanceof the
municipalcouncil andNWS&DB is proposedfor sludgeremovalandmajorrepairs.

4. The samesanitationsystem can be introduced for existing urban housing schemes.
Howeverrecoveryof only 10% of the capitalcostis possiblethrougha seweragetariff
Therefore a government grant up to 90% of the capital cost is required for
implementation.The strategyfor maintenanceis similar as that of new urban housing
schemes.

5. As a short-termproposal,thesanitationsystemin existingurbanhousingschemes(on-site
samtation)shouldbe rehabilitatedandmaintainedwith closesupervisionof the authority.

6. Off-site sanitationwith agricultural reuse in Puttalamtown is feasible only when the
governmentgrantup to 90%of the capitalcost (including capitalcostof the agricultural
scheme)and running cost of the agricultural schemeare available. Wastestabilisation
pondsaretheappropriatetreatmentmethod.

7. Therunningcostand 11%of thecapitalcostof thesewerageschemecanberecoveredby
a seweragetariff

8. The reuseof wastewatercaneitherbeusedin traditionalfarmlandsor in uncultivatedland
(with private sectorparticipation).Themcomegeneratedfrom traditional farmlandshelps
to eliminatepovertyoffarmersin thearea.Howevercostrecoveryis not feasiblethrough
bothalternatives.

9. On-sitesanitationis proposedfor small towns,rural housingschemesandvillages.Pour-
flush toilet andwaterclosetwith septictank (for high-incomegroup) aretheappropriate
sanitationsystemsfor areasofpopulationdensityabove50 capita/ha.Pour-flushandVIP
latrinesarethe appropriatesanitationsystemsfor remoteareaswith a populationdensity
below 50 capita/ha.

10.A standardto bemaintainedwhennew septictanksare constructed.The local authority
together with their monitoring programme for building construction can do the
monitoring. The septic tank may be single or double compartmentdependingon the
affordability. The constructioncost can be reduced by 20 — 30% with community
participation.
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11. The existing loanschemefor housingdevelopmentcanbe extendedto provide financial
assistancefor constructionandrehabilitationof toilets. A governmentgrant (or foreign
aid)mayalsobenecessaryfor the low-incomepeople.

6.2 Recommendations

it is recommendedthat:

1. Off-site sanitationbeprovided for urbanhousingschemesat the constructionstageof a
scheme.

2. Theapplicationof alternativetreatmentoptionsfor housingschemesbe investigated,with
particularattentionto constructedwetlands,by establishingand monitoring pilot plants
and studying performancesof BOD and pathogenremoval under different conditions
(aquaticplants,filter media,loadingratesetc.).

3. An appropriatemethodbe investigatedfor provision of piped water facilities for urban
housingschemes.

4. The applicationof shallow and small-boresewernetwork systemsbe investigated,by
establishingsuch systems in urban areas and assessingtechmcal performancesand
involvementof communityparticipationin maintenanceactivities.

5. Quality of drinking watersourcesbe monitoredregularlyandremedialactionsbe takento
rehabilitatepoorsanitationsystemsin use.

6. A legal framework and regulationsfor on-site sanitationbe promulgated,and standard
specificationsbe developedfor locatingandconstructingseptictanks.

7. Experimentalstudiesbe carriedout to investigatepossibilities of grey water reuseand
applicationofsludgeasa fertiliser.

8. Social surveysbe conductedfor theplaning and designingof new technologicaloptions
for sanitation.
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Water consumption pattern

APPENDIX2

Table A.2.1 Water consumption patternofdifferent regions in Sri Lanka
Region Waterconnections (Nos.) Consumption_(mi/month) PCC

(L’c/d)Dom. Corn. Total Dorn. Corn. Total
GreaterColombo 177,946 14,226 192,172 4,563,989 1,047,907 5,611,896 177
Kurunegala 25,941 2,268 28,209 583,687 45,621 629,308 135
Kandy 32,229 1,626 33,855 563,305 28,643 591,948 106
Anuradhapura 12,781 1,777 14,558 253,692 33,799 287,491 120
Bandarawela 12,865 1,217 14,082 215,153 21,113 236,266 102
Kalutara 22,401 849 23,250 356,484 21,856 378,340 100
Ratnapura 15,289 1,702 16,991 300,495 35,924 336,419 120
Hambanthota 15,781 936 16,717 315,691 29,002 344,693 125
Matara 29,740 1,277 31,017 715,588 32,963 748,551 146
Tnncornalee 8,387 169 8,556 173,144 6,582 179,726 127
Note: 1. Dom. — Domestic 2. Corn. — Commercial
Source.NWS&DB

Table A.2.2 Water consumptionpattern of stand posts in different regions
Region Numberof

standposts
Percapitaconsumption

(estimated)
lJcId

GreaterColombo
Kurunegala
Kandy
Anuradhapura
Bandarawela
Kalutara
Ratnapura
Hambanthota
Matara
Tnncomalee

4530
164
689
193
1002
201
578
1409
688
407

30
38
25
40
20
28
30
40
37
35

Source:NWS&DB

PCC — Percapitaconsumption
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Table A.2.3 Population_servedand water_consumption_inNorthWestern Province
Watersupplyscheme Population

served
capita

Total
population

capita

% served Percapita water
consumption

(llc/d)
Puttalam 32,200 37,000 87 138
Chilaw 21,000 32,000 67 137
Dankotuwa 2,100 5,100 41 134
Nattandiya 2,750 5,800 47 130
Wennappuwa 1,200 3,500 34 130
Vanyapola 2,,850 7,900 36 133
Nikeweratiya 4,600 6,600 70 129
Galgamuwa 4,200 7,800 54 135
Gokerella 2,100 4,600 46 131
Dodangaslanda 900 2,300 39 125
Ridigama 1,200 2,800 43 128
Ginulla 2,300 5,500 42 132
Pannala 1,650 4,450 37 135
Source:NWS&DB — North WesternRegion

Water quality

Table A.2.4 Bacteriological quality of water collectedfrom shallow wells
Location Date Total cohform

per lOOmI
Faecalcoliform
per lOOml

Tumbulla 30/12/98 600 320
Tumbulla 30/12/98 620 400
Kudarawaliya 30/12/98 >1000 >1000
Dwullepitiya 30/12/98 680 550
Divullepthya 30/12/98 >1000 >1000
Timbiriyawa 15/02/99 465 268
Hulawa 15/02/99 507 428
Hulawa 15/02/99 715 460
Halmillawa 08/05/99 500 265

Source:NWS&DB — NorthWesternRegion
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Table A.2.5 Chemicalquality ofwater collectedfrom shallowwells
Location Turb

NTU

PH Cond

~.is/c

Hard

mg/I

N-
NB4
mg/I

N-
N02
mg/I

N-
N03
mg/i

C1

mg/I

PO~

mg/I

Fl

mg/I

i~

mg/i
m

Pannalatown-Negomboroad 8.5 234 168 0.06 0.02 8.8 104 0.34 0.26 0.15
Pannalatown-K’pitiyaRd 18 7.3 673 190 0.23 0.01 4.84 236 0.34 0.42 0.17
Kuliyapitiya town 1.6 7 296 236 0.05 0.01 12.3 44 0 53 0.41 0.11
Puttalamtown-coast 2.2 7.9 1194 508 0.48 0.02 60.3 276 4.72 0.36 0.26
Nakkawattevillage 23 6.8 230 216 0.23 0.02 3.96 24 04 0.11 0.04
Nikeweratiya-Magallelake 2.5 7.8 472 344 0.23 0.05 70.4 44 1.42 1.73 0.13
Pannalatown-K’galaRd 20 7.7 697 270 0.31 0.01 7.48 192 0.33 0.29 0.49
Shmlinefactory-Pannala 2.4 7.6 125 148 0.03 0.01 14.5 28 0.22 0.16 0.05
Nikeweratiya- siteoffice 1.6 7.5 548 300 0.1 0 01 3.52 84 0 59 1.42 0.02
Magulagama 2.1 7.5 731 660 0.92 0.05 83.2 564 0.97 0.83 0 12
Vanyapolatown-Chilawroad 1.7 73 625 245 0.25 002 45 52 0.95 0.41 0.14
Wanrngama-village 1.8 7.5 525 288 0.09 0.01 5 7 78 0.52 1.2 0.02
Hethpolatown-Chilawroad 1.6 72 325 265 0.06 0.01 18.5 62 0.65 0.5 0.12
BihalpolaVillage 16 6.9 260 245 0.26 0.01 5.75 35 0.4 0.19 0.13
Vanyapolatown-K’gamuRd 1.7 7.6 550 340 0.15 0.01 8.5 56 0.64 0.52 0.21
Meegahakotuwavillage 1.6 7.2 275 225 0.24 0.02 5.75 36 0.64 0.45 0.11

Source:NWS&DB — North WesternRegion

Information about urban housingschemes

Table A.2.6 Land utilisation and prices of four existing housingschemes
Location No. of landblocks Areaof a landblock

perches
Landpnceper 1

perch
Rs

Malkaduwawa
Wehera
Heeressagala
Ampitiya

112
76
68
118

15 - 20
10 - 15
8 - 15
8 - 15

25,000- 45,000
50,000- 65,000
45,000- 65,000
40,000— 60,000

Source:District LandRegistry
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APPENDIX5.1 - DESIGN CALCULATIONS FOR AREA 1

1 WASTEWATER COLLECTION

(i) Preliminary designof the collection system

Minimum slopesfor ordinary sewers
The tractiveforce (t in N/m2)requiredfor grit transportis given by:

= p~gRS

Where Pw = Densityofwaterin kg/rn3
R = Hydraulicradiusin m
S = Sewergradient

It is assumedthat therequiredtractiveforceis 1.2 N/rn2. Usingthis valuetheminimum slope
of sewersflowing canbe calculated.The respectiveresults are presentedin Table A.5.1.1
(Theschematicdiagramfor thesewermainsis presentedin Chapter5.1).

Table A.5.1.1Minimum slopesreciuired for the ordinarysewers
Diameter -

(mm)
Minimum slope(1:1000)

160
200
250
300
400
450
500

3.1
2.5
2.0
1.6
1.2
1.1
1.0

Sewerdiameters
The ground slope in the town is generallygreaterthan 3.5°Ioo.Thereforethe pipe slope is
following the groundslope. The chartspreparedbased on the flow formula Prandtl —

Colebrook/ Colebrook— White were usedfor evaluationof the sewerdiameters.The peak
factor usedis 1.8. Theminimum diameterof the houseconnectionsand primary sewersis
160mm.Therespectiveresultsfor themain sewersarepresentedin TableA.5.1.2.

Table A.5.I.2 Diameterof the main sewersin the collection network
Section Area of

contribution
ha

Q

I/s

Qpeak

I/s

Qfull

I/s

Diameter

mm

Length

m
1-2 121.3 1336 24.05 53.44 300 1,400
3-4 126.8 13.97 25.14 55.86 300 2,700
5-6 105.1 11 58 20.84 46.3 300 2,100
7-6 72.4 7.97 14.35 31.9 250 2,600
6-9 425.6 46.88 84.38 187.5 500 1,600

Total length 10,400
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Primary sewers
The densityof the distribution pipesin the existingwaterdistribution networkis 133 m!ha.
Since 90% of housesto be connectedto the sewercollection network the density of the
primary sewersis higher thanthatof thewater distnbutionnetwork.Expecting 20% increase
the density of pnmarysewersis consideredas 160 mfha. Thenthe respective length of the
primarysewersin Area 1 (425.6ha) is 68,096.

Manholes in thesewers
Assumingthat themanholesto beprovidedin 30mintervalsandadditional 10%to be
providedin thejunctionsandotherimportantplaces,

No. of manholesin themain sewers 1.1*(10,300/30)
= 377Nos.

No. of manholesin thesecondarysewers = 1.1*(68,096/30)
2,500Nos.

(ii) Preliminary designofthePumping mains
The wastewatercollectedto be pumpedto anagriculturalareaoutsidethetown boundary.A
pumpingmain is proposedto transporttherawwastewaterup to the wastestabilisationponds
and then to dischargeby gravity to the agricultural area. The respectivecalculationsare
presented in TableA.5.1.3.

Table A.5.1.3Calculations for raw wastewaterpumping mains
Diameter

mm

Flow

1/s

Velocity

mis

Length

m

Fnction Static Total
loss head head
m m m

Pumpingmain 300 56.3 0.8 2900 9.6 11 20.6

2 WASTEWATER TREATMENT

(i) Primary treatment by anaerobicponds

TheBUD loadto the anaerobicpondis givenby;

L=~~
1000

Where L = BOD loadto theanaerobicpond(kg BUD5/d)
Q = Wastewaterinflow (rn

3/d)
C

1 = influent BUD5 concentration(mg/I)

Then the volumetricloadingratecanbecalculatedfrom theformula;

Q*C

V ~

Where = Volumetric loadingrate(kgBOD/m
3.d)

V = Volumeofthepond(m3)
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Since V = A*d, the aboveequationcanberearrangedas;

A Q*C
A~*d*1OO0

Where A = Pondarea(m2)
d = Averagedepthof the pond(m)

Sincethe air temperatureis higher than20°Cthe X~valuecanbe taken as0.3 kg BUD
5/m

3.d
(Veenstraet al., 1998).Thenthe aboveequationcanberearrangedas;

A= Q*C
1

300*d

From theaboveequationponddimensionsarecalculated.Two pondsof samedimensionsto
be usedin order to ensurethe safe performanceeven during the desludgingperiod. The
lengthto width ratio of 2 — 3 to 1 is preferred to avoid sludge banks forming nearthe inlet
(Mara., 1992).

Operation of the anaerobic ponds
By having the two anaerobic ponds (including the stand by pond) in parallel operation
following advantages canbe obtained.

• Capableto absorb peakloads
• Ensures better effluent quality and prevents arising of anaerobic conditions in the

facultativeponds
• Bottom seal(clay layer) is protected.
• Settledsolids distributed over more surface area

However provision should be made to isolate one anaerobic pond during the desludging
period.

Desludgingof the anaerobicponds
Thetwo pondsareoperatedin paralleluntil onepondbecomes50% full. Thentherespective
pond is emptiedfor desludgingwhile otherpond is in operation. The desludging operationof
the second pond is camedout after that of the first pond The desludging period for a pond is
assumed as 6 months.

Effluent BOD5 concentration
Since theminimumair temperature is above20°C,60% BUD removalcanbe expectedfrom
an anaerobic pond. Therefore theeffluent BUD5 concentration from theanaerobicpondCe ~5

given by;
Ce = 0.4* C1

Where Ce = Effluent BUD5 concentration (mg/I)

Therespectivedesign resultsarepresented in TableA.5.1.4
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Table A.5.1.4DeSi2n parametersand results for the anaerobic pond
Parameter Unit Value

General data
Designedpopulation capita 50,000
Percapitawastewaterproduction llc/d 81
Influent characteristics
Flow m3/d 4,050
InfluentBUD

5 mg/I 435
Ponddimensions
No of pondsm parallel Nos. 2
Surfacearearequired m

2 1,468
Designedarea(mid depth) m2 1,482
Length atmid depth m 39
Width atmiddepth m 38
Top lengthofthepond m 49
Top width ofthepond m 48
Bottomlengthofthepond m 31
Bottomwidth ofthe pond m 30
Depthofthepond m 4
Freeboard m 0.5
Slopein theembankment 1:2
Effluent characteristics
Desludgingfrequency years 1.9
% BOD removal 60%
EffluentBOD

5 mg/i 174

(ii) Secondarytreatment by constructedwetlands

Considering the subsurfacehorizontalflow wetlandsystemsthesaturatedcrosssectionalarea
for theflow throughthe systemcanbe calculated accordingto Darcy’s law. Thenthevelocity
of the flow is givenby;

=k~’ 5

= Crosssectional area of the wetland bed perpendicular to the
flow direction (m

2)
Q = Average flow rate throughthesystem(m3/d)

= Hydraulicconductivity (permeability) ofthemedium(m3/m2.d)
S = Slope of the wetland bed

Thentheaboveequationcanbe rearranged as

A=w*d Qk~*S

Where w = Width of the wetlandbed (m)
d = Depth of the wetland bed (m)

Where
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The river sand with coarsegrains is available in theNorth Western Province, which canbe
used as the media of the constructed wetland bed. The k~value for the coarse sand is 480
m3/m2/d (table 3.15 of the literature study). The aquatic plant type selected is Phragmztes
australisand themaximumroot penetrationof this plant is about600mm (table 3.16 of the
literaturestudy). Thereforethebeddepthis selectedas600mm.

Substituting thesevalues the above equation can be rearranged to calculate the width as:

w=Q/2.88

Length ofthe wetland bed
Forplug flow conditions

e~1~1
C,

Where C
1 = Influent BUD5 concentration (mg/l)

Ce = Effluent BUD5 concentration (mg/l)
KT = Rateconstant at thetemperature T °C(d’)
t = Hydraulic retention time (days)

After integration the above equation can be rearranged as;

InC1 -1nC~

= InC,-lnC~

KT

The hydraulicretentiontime “t” is givenby the following formula;

— V*p — (l*w*d)*p
Q Q

Where V = Volumeofthebed (m3)
d = Depth of submergence (m)
p = Porosity ofthebedasa fraction
1 = Length of thewetland bed (m)

Combining thesetwo formulas;

= __________

KT*d*p*w

TherateconstantKT is givenby theequation;

KT =

Where K20 = Temperaturedependantfirst orderrateconstantat 20 °C(d~)
T = Temperature°C
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For thecoarse sand 1<120 value canbe taken as 1.35 (d’)

Hence KT = l.35*(1.1)(23—20)
= 1.8(d~)

For coarse sandthe porosity (p) is 0.35.
Theeffluent BUD5 standard (Ce) is 30 mg/l

Substitutingthese values in the previous equation;

1 = Q*(lnC — 1n30)/(l.797*0.6*0.35*w)

Substituting the value “w” the above equationcanbe rearranged as;

1 = 7.63*(lnC,— 1n30)

Using the aboveequationfor thedifferent inflow BUD5 concentrationsthe respective lengths
canbe calculated. The respective design results are presented in Table A.5.1.5.

Table A.5.1.5Designresults for constructedwetlands

(iii) Secondarytreatment by algaeponds

Design of facultative ponds

First facultative pond in the series
Assuming completely mixed conditionsin the first facultative pond, the formula for BUD
removalis given by:

= (l+K~~to)
Cie

C1 = Influent BUD5 concentration to the facultative ponds(mg!l)Where

Parameter Unit Value
General data
Designedpopulation capita 50,000
Percapitawastewaterproduction lIc/d 81
Influent characteristics
Flow m

3/d 4,050
InfluentBUD

5 mg/I 174
Dimensionsof the wetland beds
Lengthofthe bed m 14
Width of the bed m 141
Depthofthebed m 0.6
Surfaceareaof abed m

2 1,975
No of beds Nos 10
Aquaticweed Phragrnitesaustrahs
Effluent characteristics
% BOD removal 83 %
Effluent BUD

5 mg/I 30
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Cie = EffluentBUD5 concentration from the first pond(mg/i)
t0 = Hydraulicretentiontime (days)

The degradation coefficient KT is given by;

= K20*(1.056)(T_
20)

Where KT = Temperaturedependantcoefficientat T °C(d4)
K

20 = Degradationcoefficientat20 °C = 0.25 (d~)
T = Temperatureof thewastewaterin °C

Assumingthemeantemperature atthecoldestmonthis 23 °C

= 0.25*1.05623_20)
= 0.294(d~)

To preventanaerobicconditionsarise in the facultativepondsthe BUD concentrationin the
first facultativepondshouldbe keptbelow70 mg/i. Assumingcompletelymixed conditions,
the effluent concentrationof the first facultative pond should be limited to 70 mg!l too. Then
the above equation can be rearranged as:

= 1 *(C70)

° 20.58

At thesametime thehydraulicretentiontime “t,,” canbe calculated from therelationship;

to = ViIQ

Where Q = Wastewater flow (m
3/d)

V
1 = Volume of the first facultative pond(m

3)

Combiningthe above two equations;

V
1 = Q *(C -70)

20.58

From the above equation the volume of the first facultative pond and hencethe pond
dimensions can be calculated. Assuming an average depth of 1 .7m the surface area of the first
facultativepond canbe calculated.

A number of facultative ponds may be used to obtain the required effluent standard. This is in
particular important for the reduction of faecal coliforms. The minimum detention time is
determined by the life cycle of algae.

Assume “n” facultative ponds in series (after the first facultative pond) are used for BUD
removalunder completely mixed conditions. Then the BUD removal by the facultative ponds
is given by the equation;

I-, I \fl

Ce ~
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Where C21 = Influent BUD5 concentration to the second pond (mg/l)
Ce = Effluent BUD5 concentration from the lastpond (mg/l)
t = Total hydraulic retention time of the ponds in series (days)
n = No of ponds in series after the first pond
KT = 0.294(d~)

The hydraulic retention of a single pond t is thus;

n KT

The volume of a smgle pond in senes “V” is givenby:

v = Q*tln

Substituting the influent BOD5 concentration of 70 mg/i and the required effluent standard

(effluent concentration of the last pond) of 30 mg/I and combimng the above two equations

__*

0.294 ~30)

From the above equation the dimensions of the facultative ponds in series (after the first
facultativepond) can be calculated.The respectivedesignresults are presentedin Table
A.5.l.6.
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Table A.5.1.6Design results for facultative ponds
Parameter Unit Value

FP1 FP2
General data
Designpopulation Capita 50,000 50,000
Percapitawastewaterproduction l/c/d 81 81
Influent characteristics
Total wastewaterflow m3/d 4,050 4,050
Influent BUD

5 mg/I 170 70
Influent coliform count FC/lOOml 2.5xl0

7 5.8x105
Pond dimensions
No. of pondsm parallel Nos. 2 2
Volume of onepond
Surfacearearequiredperpond

m3
m2

10,230
6,020

9,180
5,739

Designedareaperpond m2 6,050 5,740
Lengthatmid depth m 121 164
Width atmid depth m 50 35
Top length m 129 172
Top width m 58 43
Bottomlength m 116 159
Bottomwidth m 45 30
Depth m 1.7 1.6
Freeboard m 0.5 0.5
Slope 1.3 1.3
Effluent characteristics
% BUD removal 60 57
Effluent BUDS mg/I 70 30
Effluent coliform count FC/l00 ml 5.8xl05 2.8x104

Faecalcoliform removal by thefacultative ponds

Faecalcoliform removal by the first facultative pond
Assuming completely mixed conditions,the faecal coliform removal by the first facultative
pond is given by the equation;

= (1+k~~to)

Where S
1 = No of faecal coliforms in the influent (FC numbers/lOOml)

Sie = No of faecal coliforms in theeffluent (FCnumbers/lOOmI)
to = Hydraulic retention time (days)

The die-off coefficient kb is temperature dependent and is given by the equation;

Where

kb =

kb = Die — off rate coefficient (day’)
T = Mimmum sewagetemperature at the coldestmonth in °C
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Assuming T = 23°C, -

kb = 2.6*(1.19)(23 —20)

= 4.38 day’

Assume that the faecalcoliform count in the influent of the first facultative pond S~islO8
(FC/l00 ml).

Substituting this value in the previousequation, the effluent faecal coliform count from the
first facultative pondS

1~is expressed by;

= i0~Ic [1 + 4.38*t0]

Assuming completely mixed conditions, the faecal coliform removal by the ponds in series is
given by the equation;

= I1+k *1~
Se ~ b)

Where S2~ = No of faecal coliforms to the second pond (FC/1 OOml)
Sc = No of faecal coliforms leavmg the last pond (FC/lOOml)
n = No ofpondsin series (nos.)
t = Total hydraulic retention of ponds in series (days)

Since the effluent faecal coliform count from the first facultative pond is equal to the irifluent
colifonn count to the second facultative pond (Sic = S2~),the effluent coliform count from the
last facultative pond~e is givenby:

le
e -

Ii +4.38*1
L

Usmg theseequations,for different pond arrangementsand hydraulic retentiontimes the
respective effluent faecal coliform countfrom thefacultativepondscanbe calculated.

Faecal coliform removal by the maturation ponds
The calculation procedure is same as that of the maturation ponds in series. The volumes of
thematuration ponds arecalculated using the respective hydraulicretentiontimes calculated
using the above formulas. The respective designresults are presented in Table A.5.1.7.
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Table A.5.1.7Design results for maturation ponds

(iv) Posttreatment by sand filtration
Sincemost the biological actions in the sand filters takesplacecloserto the surfaceof the
filter bedthesurface loading rate is selected as thedesign criteria. The results arechecked for
the average hydraulic loading rates duringthe floodingperiod.

TheBUD loadto thesandfilter bedis givenby;

Where

fl*C
L = _____

V (1000)

L~ = BUD loadto thesandfilter bed(Kg of BUD5/d)
Q = Wastewater inflow (m

3/d)
C

1 = Influent BOD5 concentration(mg/l)

Then the surface organic loading rate SUL can be expressed as;

Where

SOL=.~k~= Q*C
A~ (l000*A1)

SUL = Surfaceorganicloadingrate(Kg ofBUD5/m
2.d)

As = Surface area of the filter bed(m2)

The above equation can be rearrangedas;

A= (l000*soL)

A
5 = Surfaceareaof the filter bed (m

2)
d Depthof the sand bed (m)

Parameter Unit Value
Iiifluent characteristics
Wastewaterflow m3/d 4050
Influentfaecalcoliform count FC/lOOrnl 2.8x iø~
Pond dimensions
No of pondsin parallel Nos. 2
Volume of a pond m3 12,480
Surfacearearequired perpond m2 8,320
Designedsurface areaper pond m2 8,400
Length at mid depth m 168
Width at mid depth m 50
Top length m 176
Top width m 58
Bottom length m 163
Bottom width m 45
Depth m 15
Freeboard m 0 5
Slope of the embankments 1:3
Effluent Characteristics
Effluent faecal coliform count FC/lOOml 1,000
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SinceSn Lankais awarm country the loading ratesappliedat Ben Sergo,Morocco is safe
enough for the design. Therefore the respective surface organic loading rate (SUL) is taken as
76 g. ofCUD/m2.d.Thedepthofthesandbedis assumedas2m (similar to thatof Morocco)
too.

Assumingthe typical COD/BUD ratioas2 the OSLRfor Sri Lankanconditions is considered
as0.38 kg. BUD

5/m
2.d.Using this value theaboveequation can be simplified as;

A= Q*C
S 38

Usingthe aboveequationthe dimensionsof the filter bedscanbe calculated.

Hydraulic loading
The surface hydraulic loading rate (for a full cycle) used in the treatment plant at Ben Sergo
is 0.14 m3/m2.d. Assuming the same pattern of wastewater loading to be applied in the
proposed treatment plant (3 days drying period and 2 days flooding period) the maximum
surface hydraulic loading rate is taken as 0.14m3/m2.d.

Thenthe respective surface hydraulic loadingrate(SHIL) for a full cycle canbecalculatedas;

SHL = Q*n
A~*n

1
Where SHL = Surfacehydraulic loadingrate(m

3/m2.d)
nf = Periodofflooding (days)
nt = Total cycle (days)

The value of SHL should be below the allowable rare of 0.14m3/m2.d.The respective design
results arepresented in Table A.5.l.8.

Table A.5.1.8Designresultsfor sand filters
Parameter Unit Value

General data
Designedpopulation capita 50,000
Percapitawastewaterproduction l/c/d 81
Influent characteristics
Wastewaterflow m3/d 4,050
InfluentBUD

5 mg/I 170
Dimensionsof the filter beds
Surfaceareaofabed m

2 1,550
Lengthofa bed m 62
Widthofabed m 25
Sanddepth m 2
No of beds Nos. 12
Effluent characteristics
% BOD removal 83
Effluent BUD

5 mg/i 30
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APPENDIX 5.2 - DESIGN CALCULATIONS FOR AREA 2

Thepopulationin Area 2 by year2030 is 6,500capita. Sincepartoftheareais awayfrom the
commercialcentreonsite sanitationcan be introducedfor that part of the community. It is
assumedthat onsite sanitation canbe introducedfor 60% of the total populationin this area.
Therefore the population to be served through offsite sanitation is 2,600capita(40% of the
population). The expected connected population is 2,300 capita.

1 Wastewatercollection

(i) Preliminary designofthe collection system
The following calculationsare for the collection network consisting of 420 houses (for an
averagehouseholdsizeof 5.5).Thepipeslopeis following the groundslope.

Length of the pipe lines
As calculatedin Appendix 5.1 the length of the sewer lines are calculatedbasedon the
expected sewernetwork densityof 160 m!ha. Thenthe total length of the sewer collection
network is 1,920m for a contributingareaof 12 ha.

Manholes in the sewers
Assumingthat themanholesto be providedin 30mintervalsandadditional 10% to be
provided in the junctions and other important places,
Number of manholes in a single collection network = 1.1*(1,920/30)

= 64Nos.

2 Wastewater treatment

(1) Primary treatment by anaerobicponds
Two anaerobic ponds are required for the area consisting of 420 houses. The design
calculationsare similar to that of in Area 1 as presentedin Appendix 5.1. The respective
designresultsarepresentedin TableA 5.2.1.

TableA.5.2.1 Primary treatment by anaerobicponds
Descnption Unit value

Population capita 2,300
Flow m3/d 185
Influent BUDS mg/i 430
Volume of thepond m3 356
}{RT days 2
Depth m 2.5
Surfacearea m2 145
Lengthatmid depth m 12
Width atmid depth m 12
Slope 1:2
No. of ponds(parallel) 2
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(ii) Secondarytreatment by sand filtration
The effluent from the anaerobic pond is directed to a sand bed (sand bed formednearthe
lagoon using the natural sandavailable) along the lagoonand allowed to percolateto the
ground. The surfacearea of the sand bed is calculated using the same loading rates used m
Appendix 5.1.

Then the total surface area required is 1,000 in
2. Four 22 x 10 m sand beds to be formed

using natural sand.The respective designresultsarepresented in TableA.5.2.2.

Table A.5.2.2Design results for secondarytreatment by sand beds
Descnption Unit

mg/I
value

Influent BUD
5 175

Influent coliform count FC/l00 ml 2.5xl0~
Total surfacearea m

2 900
Depthof the bed m 2
Effluent BOD

5 mg/I 30
Effluent coliform count FC/100ml 1,000
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APPENDIX 5.3 - COST CALCULATIONS

1 Cost calculationsfor Area 1

(a) Capital cost

(i) Wastewater collection
The capitalcostfor thewastewatercollection is presented in TableA.5.3.1.

Table A.5.3.1Capital costestimate for wastewatercollection network
Descnption unit Quantity Rate(Rs) Amount (Rs)

Layingof 160mmdia.PVC pipes(type600) Lm 68,096 355 24,174,080
Layingof 250mmdia.PVC pipes(type600) Lm 2,600 969 2,519,400
Layingof 300mmdia. PVCpipes(type600) Lm 6,200 1,300 8,060,000
Laying of 500mmdia. concretepipes Lm 1,600 4,500 7,200,000
Laying of 300mmdia. PVCpipes(type600) Lm 2,900 1,300 3,770,000
Excavationfor thestructures cum 9,137 300 2,741,291
Grade20 concretein the structures cum 2,073 5,000 10,364,530
Constructionof thepumphouses Allow 1 30,000 30,000
Machinery Allow 1 2,810,000 2,810,000
Caretakerquarters Allow 2 350,000 700,000
Excavationof the pipelines cum 44,495 330 14,683,522
Uverheads15% 11,557,923
Total — -- -~ 88,610,746
Note: 1 USS = Ks. 72.6�)
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(ii) Wastewater treatment by anaerobicpondsand constructedwetlands

The respectivecost estimateis presentedin TableA.5.3.2.

Table A.5.3.2Costestimatefor anaerobicponds with constructedwetlands
Cost estimatefor anaerobic ponds

Descnption unit Quantity Rate(Rs) Amount
Site cleanng
Landarea
Excavationofthepond
Compactionof the dam
Claylining
R.M lining to protect waveaction
1:2:4 concretein thestructures
Screedconcrete
450mmdia. concretepipes
3l5mmdia.PVCpipes
Pipespecialsandsluicegates
Uverheads15%
Sub total 1

ha
ha
m3
m3
m2
m3
m3
m3
m
m

Item

1.38
1.38

7,156
5,790
5,045

349
15.4
5.6
50

108
1

150,000
125,000

300
500

71
229

5,000
3,800
4,500
1,300

2,5000

207,000
172,500

2,146,800
2,895,000

358,195
79,921
77,000
21,280

225,000
140,400
25,000

952,214
7,300,310

Cost estimatefor constructedwetlands
Descnption unit Quantity Rate(Rs) Amount

Land
Site cleanng
Excavationfor the structures
Excavationof thepipe lines
Compactionof the soil
200 mm thick clay layer
Filter media
Rockmedi atthe inlet andoutlet
Screedconcretein the structures
1:2.4 concretein the structures
Rubblemasonrywork
Plastenngofthe structures
450mmdia concretepipes
l60rnmdiaPVCpipes
U&M Equipment- Bushcutters
U&M Equipment— T W tractor
O&M Equipment- Pick up
O&M Equipment- Sludgepumps
Plantingaquaticweed
Uverheads15%
Sub total 2
Capital costfor thecombination

ha
ha
m3
m3
m3
m2
m3
m3
m3
m3
m3
m2
m
m

Item
Item
Item
Item
Item

4.45
4.45

2,430
339

2,613
4,544

13,618
1,945

420
470

2,810
9,262

226
1,440

3
1
1
1
1

125,000
150,000

300
330
500

71
530
620

3,800
5,000

900
88

7,000
580

30,000
150,000

1,200,000
30,000

975,000

556,250
667,500
729,000
111,870

1,306,500
322,624

7,217,540
1,205,900
1,596,000
2,350,000
2,529,000

815,056
1,582,000

835,200
90,000

150,000
1,200,000

30,000
975,000

3,640,416
27,909,856
35,210,166

Note. 1 US$Rs.72.60
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(iii) Wastewater treatment by anaerobicpondsand sand filters

The respectivecostestimateis presentedin TableA.5.3.3.

Descnption

Table A.5.3.3Cost estimatefor anaerobicpondswith sandfilters
Cost estimatefor anaerobicponds

unit Quantity Rate (Rs) Amount(Rs)
Site cleanng
Land cost
Excavationof thepond
Compactionof thedam
Clay lining
R.M linmg to protectwaveaction
Concrete(1:2.4) in the structures
Screedconcretein thestructures
450mmdia. concretepipes
315mmdia. PVCpipes
Pipespecials
Uverheads15%
Sub total 1

ha
ha
m3
m3
m2
in3
m3
n-i3
m
m

Item

1.38
1.38

7,156
5,790
5,045

349
15.5
5.6
50

108
1

150,000
125,000

300
500
71

900
5,000
3,800
4,500
1,300

25,000

207,000
172,500

2,146,800
2,895,000

358,195
314,100
77,500
21,280

225,000
140,400
25,000

987,416
7,570,191

Cost estimate for sand ifiters
Descnption unit Qty Rate(Rs) Amount(Rs)

Land cost ha 4.22 125,000 527,500
Sitecleanng ha 4.22 150,000 633,000
Excavationfor thestructures m3 16,644 300 4,993,200
200 n-rn-i thick clay layer m2 18,600 71 1,320,600
Sandmedia m3 37,200 530 19,716,000
Gravelmedia m3 5,775 620 3,580,500
Screedconcretein the structures m3 402 3,800 1,527,600
Concrete(1:2:4) in the structures in3 569 5,000 2,845,000
Rubblemasonrywork m3 5,305 900 4,774,500
500mmdia. concretepipes m 326 4,500 1,467,000
l60mmdia.PVCpipes m 990 355 351,450
110mmdia. PVCpipes m 7,800 188 1,466,400
Pipespecials Item 1 25,000 25,000
Overheads15% 6,484,163
Sub total 2 49,711,913
Cost of the combination 57,282,104

Note: 1 USS = Rs.72.60
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(iv) Wastewater treatment by wastestabilisation ponds

The respective costestimateis presentedin TableA.5.3.4.

Table A.5.3.4 Costestimatefor wastestabilisation ponds
Costestimatefor anaerobicponds

Descnption unit Quantity Rate(Rs) Amount (Rs)
Sitecleanng
Landcost
Excavationofthepond
Compactionof the dam
Claylining
R.M lming to proectwaveaction
Concrete(1:2:4) in thestructures
Screedconcretein the foundations
450mmdia. concretepipes
3l5mmdia PVCpipes
Pipe specials
Overheads15%
Sub total 1

ha
ha
in

3

in3

in

in3

m3
m3
m
m

Allow

1.38
1.38

7,156
5,790
5,045

349
15.5
5.6
50

108
1

150,000
125,000

300
500

71
900

5,000
3,800
4,500
1,300

25,000

207,000
172,500

2,146,800
2,895,000

358,195
314,100

77,500
21,280

225,000
140,400
25,000

987,416
7,570,191

Cost estimatefor facultative and maturation ponds
Descnption unit Quantity Rate(Rs) Amount(Rs)

Site cleanng
Land
Excavationof thepond
Compactionof the dam
Clay lining
R.M lining to proect waveaction
R:M erosionpad
Concretingin the structures
Screedconcretein foundation
500mmdia concretepipes
315mmdia. concretepipes
Pipespecialsandsluicegates
O&M Equipment- Bushcutters
O&M Equipment— T W tractor
O&M Equipment- Pickup
O&M Equipment- Sludgepumps
Overheads
Sub total 2
Costofthe combination

ha
ha
m3
m3
m2
in3
m3
in3

in3
m
m

Item
Item
Item
Item
Item

8.22
8.22

15,984
23,280
34,756

1,800
9

15 2
5.6
84

164
1
2
1
1
1

150,000
125,000

300
500

71
229
229

5,000
3,800
4,500
1,300

25,000
30,000

150,000
1,200,000

30,000

1,233,000
1,027,500
4,795,200

11,640,000
2,467,676

412,200
2,061

76,000
21,280

378,000
213,200

25,000
60,000

150,000
1,200,000

30,000
3,559,668

27,290,785
34,860,976

Note: 1 USS= Rs. 72.60
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(b) Running cost

(i) Running costsfor anaerobicponds,constructedwetlands and collection network
The respectivecostestimateis presentedin Table A.5.3.5.

Table A.5.3.5 Runningcost
Descnption Cost(Rs)/year

Desludging 239,516
Staff 2,604,000
Maintenance 3,261,445
Electricity 479,051
Total 6,584,012

Note: 1 USS= Rs.72.60

(ii) Running costfor anaerobicpond, sand filters and collection network
The respectivecostestimateis presentedin TableA.5.3.6.

Table A.5.3.6 - Running cost
Descnption Costlyear

Desludging 239,516
Staff 2,388,000
Maintenance 3,194,245
Electricity 479,051
Sub total 6,300,812

Note: 1 US$ = Rs. 72.60

(iii) Running costfor wastestabiisation pondsand collectionnetwork
The respectivecost estimateis presentedin TableA.5.3.7.

Table A.5.3.7 - Running cost
Descnption Cost/year

Desludging 239,516
Staff 2,460,000
Maintenance 3,201,445
Electricity 479,051
Sub total 6,380,012

Note: I USS = Rs.72.60

(c) Annual cost
The sunnnaryof the annualcostsfor differentalternativesis presentedin TableA.5.3.S.

Table A.5.3.8 Summary ofthe annual cost

Note: 1 US$ = Rs. 72.60

Capital
cost
Rs

Annuity
factor

Annuity
Rs

Running I
cost
Rs

Total
Rs

Alternative1
Alternative2
Alternative3

123,820,912
145,892,850
123,471,722

0.067293
0067293
0.067293

8,332,257
9,817,539
8,308,759

6,584,012
6,300,812
6,380,012

14,916,268
16,118,351
14,688,770
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2 Cost calculations for Area 2

(a) Capital cost
The capitalcostfor wastewatercollectionandtreatmentis presentedin TableA.5.3.9.

Table A.5.3.9Capital costfor wastewatercollection and treatment
Description unit Qty Rate Amount

Land for anaerobicpondandfilters ha 0.14 50000 7000
Site clearing ha 0.14 100000 14000
Layingof 160 mm diameterpipes Lm 1920 355 681600
Excavationof thepondandstructures cum 850 300 255000
Compactionof the embankment cum 196 500 98000
Clay layer sqm 407 71 28897
Concretingin themanholes cum 42 5000 210000
Preparationof two sandbeds Allow 1 200000 200000
15%overheads 224000
Total 1718497

Note 1USS=Rs.72 60

(b) Running cost
The runningcost for thewastewatercollectionand treatmentis presentedin TableA.5.3.10.

Table A.5.3.10 Running costfor wastewatercollection and treatment
Cost(Rs)/year

9,600
Description

Desludging
Maintenance 12,000
Total 21,600

Note 1. Staffcostandmachmerymaintenancecostincludedto area1
Note2: 1 USS = Rs. 72.60

3 Cost calculations for total system

The costcalculationfor entireareais presentedin Table A.5.3.11.

Table A.5.3.11Costestimatefor entire area

*Wastestabilisationpondsastreacment Note: 1 USSRs.72.60

Capital
cost
Rs

Running
cost
Rs

*~ea1

Area2
Total

123,471,722
1,718,497

125,190,219

6,380,012
21,600

6,401,612
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APPENDIX 5.4 - AGRICULTURAL REUSE

1 Agricultural reuse in theunutilised government lands — Alternative1
Treatedeffluent is usedfor coconutandfruit crop cultivation in unutilisedgovernmentlands.
The types of fruit proposed are banana, pineappleandPapua.The expectedincomegenerated
by the respective cro1s per ha per year is Rs. 150,000during first ten yearsand is Rs. 190,000
between10th and30 years.

Theaverageapplicationratefor thecrop is 5 mnild. Thewater available,extentsof cropsand
averageincomelevelsarepresentedin TableA.5.4.1.

Table A.5.4.1Incomegeneratedfrom the coconutand fruit
Period 2000-2010 2010-2020 2020-2030

Wastewaterflow (m
3/d) 2,697 3,084 3,521

*Available for irrigation (m3Id) 1,751 2,006 2,318
Extentof land (ha) 35 40.1 46.4
Annualincome(Rs) 5,252,675 7,622,959 8,807,989

*Assummgevaporationlossesof0.007mu/mz.dandapplicationefficiencyof 70%

2 Agricultural reusein the traditional farmlands — Alternative -2
Treatedeffluent is usedfor paddy,vegetablesandcerealcrop cultivation in the paddyfields
and traditional farmlands.The growth periodof paddyand cereal cropsis 3 months each.
Paddyandcerealcropsare grown in alternativeseasons.The incomesgeneratedfrom paddy
and cerealsper ha per year (for 2 growing seasonsfor eachcrop) are Rs. 60,000 and Rs.
50,000receptively.

The averageapplicationratesfor paddyandcerealare7 mrnld and 5 rnmldrespectively.The
wateravailable,extentsof cropsandaverageincomelevels arepresentedin TableA.5.4.2.

Table A.5.4.2Incomegeneratedfrom paddy, cerealsand vegetables
Period 2000-2010 2010-2020 2020-2030

Wastewaterflow (m3/d) 2,697 3,084 3,521
*Available for imgation (m3/d) 1,751 2,006 2,318
Extent of land (ha)
Paddy 25 28.7 33.1
Cerealandvegetables 35 40.1 46.4
Annual income (Rs)
Paddy 1,500,764 1,719,464 1,986,764
Cerealandvegetables 1,750,892 2,006,042 2,317,892
Total - - 3,251,656 3,725,506 4,304,656
*Assumingevaporationlossesof 0.007m’/nr.d andapplicationefficiencyof 70%
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APPENDIX 5.5

Capital and running costsfor agriculture and sewerage

The capital and rurming costs of agricultural scheme and sewerageschemeare analysed
separately.

The capitalcostof the agriculturalschemeincludescostsof pumpingstation,pumpingmain,
maturationponds and transportof effluent up to the agricultural site. The running costs
include all pumping cost (electricity) and 25% of operationand maintenancecost of whole
schemeexcludingelectricity.

The capital cost of sewerageschemecomprisesof: costs of collection network, anaerobic
pondsandfacultativepondswith respectto Area 1; total estimatedcostwith respectto Area
2. The rurming cost includes75% of operation and maintenancecost of whole scheme
excludingelectricity.

(a)Agricultural scheme

Capital cost
The respectivecostestimateis presentedin TableA.5.5.1.

Table A.5.5.1Capital costsof the agricultural scheme

Running cost
Therespectiverunningcostsarepresentedin TableA.5.5.2.

Table A.5.5.2Running costsof the agricultural scheme
Item Cost(Rs) .
Pumpingcost(electncity) 479,000
25% of O&M cost(excludmgelectricity) 1,481,000
Total 1,960,000

Item Cost (Rs)
Pumpingmain 4,143,000
Pumpingstation 1,386,000
Maturationponds 3,323,000
Distributionup to agriculturalsite 420,000
Overheads 23,000
Total 9,295,000
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(b)Seweragescheme

Capital cost
Therespectivecostestimateis presentedin TableA.5.5.3.

Table A.5.5.3 Capital costsof the seweragescheme
Item Cost(Rs)
CapitalcostcontributionofArea 1 114,177,000
TotalcapitalcostofArea2 1,719,000
Total 115,896,000

Running cost
The respectiverunningcostis presentedin TableA.5.5.4.

Table A.5.5.4Running costsof the seweragescheme

Lltem Cost (Rs)
~ ofO&M cost(excludingelectricity) 4,442,000
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APPENDIX 5.6

Designcalculations for wastewatercollection and treatment in a urban
housing scheme

(i) Basic data assumedfor the designcalculations:
The basicdatafor anew housingschemeareassumedbasedon thedataavailableon typical
housingschemes.The averageper capitawaterconsumptionis assumedsimilar to thatofthe
townsin theNorth Westernprovinceas atypical housein thesehousingschemesconsistof
an individual watersupply systemwith a shallowwell, a pumpingsystemand an overhead
tank. The averageper capitawastewaterproductionis assumedas 80% of the averageper
capitawaterconsumption.The influent BOD5 concentrationis calculatedusing the average
per capita waste production (in terms of BOD5) of 35 g/c/d. The respectivefigure was
obtainedfrom a housingscheme(Raddoluwahousingscheme)in theadjacentprovincewhere
seweragefacility is available.It is alsoassumedthat the effluent is transportedthrough the
main sewerup to thesecondaiytreatmentworks situated1.5 km away from the boundaryof
thehousingscheme.The basicdatausedfor the designcalculationsaregivenin Table5.12 of
Chapter5.2. The schematicdiagramof a typical housingschemeis presentedin Figure 5.3 of
Chapter5.2.

(ii) Preliminary designofthecollection system

Minimum slopesfor ordinary sewers
The tractiveforce (t in N/rn

2) requiredfor grit transportis givenby:

= p~gRS

Where Pw Densityof waterin kg/rn3
R = Hydraulicradiusin m
S = Sewergradient

It is assumedthat therequiredtractiveforcerequiredfor conventionalsewersis 1.2N/rn2 and
for sewers followed by septic tanks is 0.9 N/rn2. The density of water is 1,000 kg/rn3.
Substitutingthesevaluesin the aboveequationthe requiredminimumslopefor averageflow
conditions can be calculated. The minimum slopescalculatedfor different diametersof
ordinarysewersarepresentedin TableA.5 6.1.

Table A.5.6.1 Minimum slopesrequired for the ordinary sewers
Diameter Minimum slopefor

conventionalsewers~/o~
Minimum slopefor

sewersafterseptictanks~
110
160
200
280
315

4.4
3.1
2.5
1.7
1.5

33
23
1.8
13
12
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Sewerdiameters
Generallya ground slopeof around3 - 4 0/00 is maintainedduring land preparationstagein
orderto dischargestormwater throughroad drains. Thereforeit is assumedthat the sewers
follow the groundslope.The chartspreparedbasedon the flow formulaPrandtl— Colebrook/
Colebrook— White wereusedfor evaluationof the sewerdiameters.The peakfactorusedis
2.5. The diameterof the house connectionsis 110 mm. The diameterselectedfor sewer
network (keepingaminimum diameterof 160mm) is 160mm.

(iii) Preliminary designof the primary treatment

UASB type communal septic tank
Assumingthe sludgeproductionrateof 0.04m3/capitalyearthevolume of the septictankcan
be calculated. It is assumedthat he desludgingfrequencyis 6 months and the tank to be
desludgedwhen60% full. Therespectiveresultsarepresentedin TableA.5.6.2.

Table A.5.6.2Design resultsfor UASB type septic tank
Design parameter Unit Value
Flow m~/d 59
InfluentBOD

5 mg/I 324
Sludgeproductionrate m

3/capitalyear 0.04
Desludgingfrequency years 0.5
Volume required m3 18.3
Designedvolume m3 20.3
Depthof the liquid retention m 4
Length m 2.25
Width m 2.25
Gascollectorheight m 1.2
Hydraulic retentiontime hours 8.2
Effluent BOD

5 mg/I 130

Anaerobic pond
The designprocedureis similar to thatof the Puttalamtown asdescribedin theappendix-5.3.
Therespectivedesignresultsarepresentedin TableA.5.6.3.

Table A.5.6.3 Designresults for anaerobicpond
Parameter Unit value

Flow m~/d 59
InfluentBOD5
Volumetric organicloadingrate

mg/I
kg.BOD5/m

3.d
324
0.3

Depth m 3
Volume of thepond (circularpond) m3 149
Diameterat top level m 16
Hydraulicretentiontime days 2.5
Effluent BOD

5 mg/I 130
Desludgingfrequency years 0.5
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(iv) Posttreatment
Sincethe treatedeffluent is to be dischargedto the nearby paddyfields the effluent standards
shouldsatisfythe WHO guidelinescategory- GroupB. Thereforewastestabilisationponds,
constructedwetlands and sand filtration are consideredas most appropriateoptions. The
designproceduresaresimilar to those of the Puttalamtown as describedAppendix 5.1. The
respectivedesignresultsarepresentedin Chapter5.2.
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APPENDIX 5.7

Cost estimatesof different technological options in urban housing schemes:

I Capital cost

Table A.5.7.1Cost estimatefor collection network
Descnption unit Quantity Rate(Rs) Amount (Rs)

Excavation m~ 2,273 330 750,222
Pipelaying- ll0rnmdia m 1,500 188 282,000
Pipelaying - 160mmdia. m 3,000 355 1,065,000
Overheads 314,500
Subtotal 2,411,722

Table A.5.7.2Cost estimatefor UASB typeseptic tank
Descnption unit Quantity Rate(Rs) Amount(Rs)

Land ha 0.005 6,000,000 30,000
Site clearing ha 0.005 150,000 750
Excavationfor the structures m3 91.2 300 27,360
Screedconcrete m3 0.95 3,800 3,610
1:2:4Concretein the structures m3 12.8 5,000 64,000
Piping Allow 1 60,000 60,000
Overheads Allow 27,900
Total 213,620

Table A.5.7.3 Costestimatefor anaerobicpond
Descnption unit Quantity Rate(Rs) Amount (Rs)

Land ha 0.06 6,000,000 360,000
Sitecleanng ha 0.06 150,000 9,000
Excavationin thestructures m3 92 300 27,600
Earthcompaction m3 279 500 139,500
Clay layerfor sealing m2 90 71 6,390
Pipingetc Allow 1 25,000 25,000
Overheads 85,124
Total 652,614
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Table A.5.7.4Cost estimatefor post treatment by constructedwetlands
Descnption unit Quantity Rate(Rs) Amount(Rs)

Land ha 0.16 6,000,000 960,000
Sitecleanng ha 0.16 150,000 24,000
Excavationfor the structures m3 165 300 49,500
Compactionof the soil m3 215 500 107,500
200mm thick clay layer m2 308 71 21,868
Filter media m3 176 530 93,280
Rockmediaat the inlet andoutlet m3 29 620 17,980
1:3:6Screedconcrete m3 27 3,800 102,600
1:2.4concretein the structures m3 22 5,000 110,000
Rubblemasomywork m3 131 900 117,900
Plastenngin the structures m2 433 88 38,104
Pipelaying - 110mmdia PVCpipes m 22 188 4,136
Pipespecials Item 1 25,000 25,000
Constructionof thepump house Item 1 30,000 30,000
Installationof the lifting pump Item 1 100,000 100,000
O&M Equipment Item 1 60,000 60,000
Plantingaquaticweed Item 1 120,000 120,000
Overheads 298,248
Total 2,280,116

Table A.5.7.5Cost estimatefor posttreatment by sand ifiters
Description unit Qty Rate Amount

Land ha 0.16 6,000,000 960,000
Site cleanng ha 0.16 150,000 24,000
Excavationfor the structures m3 275 300 82,500
200mm thick clay layer m2 220 71 15,620
Supplyandpackingofthe sandmedia
Gravelmediaatinlet andoutlet

m3
m3

440
77.4

530
620

233,200
47,988

Screedconcrete m3 19.7 3,800 74,860
1:2:4 concretein the structures m3 25.2 5,000 126,000
Rubblemasonrywork m3 260 900 234,000
160mmPVC pipes(underdram) m 62 355 22,010
110mmPVC pipes(underdrainlinlet) m 240 188 45,120
Pipefittings Allow 1 30,000 30,000
Constructionof thepumphouse Allow 1 30,000 30,000
Installationof the lifting pump Allow 1 100,000 100,000
Machinery Nos. 1 60,000 60,000
Overheads 312,795
Total 2,398,093
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Table A.5.7.6Cost estimatefor post treatment by wastestabilisation ponds
Descnption unit Quantity Rate(Rs) Amount(Rs)

Sitecleanng ha 0 17 150,000 24,900
Land ha 0 17 6,000,000 996,000
Excavationfor thestructures m3 991 300 297,300
1:3:6 Concrete m3 31 3,800 117,800
1:2:4 Concrete m3 48 5,000 240,000
RMwork m3 268 900 241,200
Clay lining to protectseepage m2 384 71 27,264
315mmdia. pipes(rnletlmterpond) m 16 1,300 20,800
Pipespecials Item 1 30,000 30,000
Machinery Item 1 60,000 60,000
Constructionof thepumphouse Item 1 30,000 30,000
Supplyandinstallationof thepumps Item 1 100,000 100,000
Overheads 32,7790
Total 2,513,054

2 Running cost

Therunning costsofprimarytreatmentandpost treatmentarepresentedin TablesA.5.7.7 and
A.5.7.8respectively.The running costof the collectionsystemhasbeenincludedto the each
posttreatmentoptionassamestaffandmachineryis usedfor entiresystem.

Table A.5.7.7Running costsfor primary treatment (desludging cost)
Option Runningcostperyear

(Rs)
UASB typeseptictank
Anaerobicpond

2,400
2,400

Table A.5.7.8Running costsfor post treatment
Option *Ruimn.Ig costperyear(Rs)

Constructedwetlands 154,965
Sandfilters 156,005
Wastestabihsationponds 154,965

* Includingrunningcostof the collectionnetwork
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1 Designof the septic tanks

Singlecompartment septictank
The volumeof the septictank is givenby

V = Pxnxs

WhereV = Volumerequiredfor sludgeandscumaccumulation(m3)
P = Populationservedby the tank (capita)
n = Desludgingfrequency(years)
s Sludgeaccumulationrate(m3/capita/year)

Takingthe averagehouseholdsizeas5.5 capita,sludgeaccumulationrateas0.04
m3/capitalyear,anddesludgingperiodas5 years:

V = 5.5*5*0.04
= 1.1m3

Thereforekeepingafree boardof 0.3mthe overall tankdimensionsbecome1.4 x 0.7 x 1.5
(m x m x m).

Double compartment septic tank
Thevolumeof thesecondcompartmentis one third of total volume Thenthedimensionof
the septictank is as follows.

First compartment = 1.4 x 0.7 x 1.5 (mx mx m)
Secondcompartment= 0.7 x 0.7x 1.5 (m x m x m)

2 Costestimates

Cost estimatefor singlecompartment septic tank
Therespectiveestimateis presentedin TableA. 5.8.1.

Table A.5.8.1 Cost estimatefor singlecompartment septic tank

APPENDIX 5.8 - ON-SITE SANITATION

Descnption unit Quantity Rate(Rs) Amount (Rs)
Excavation m~ 2.55 125 318
Screedconcrete in3 0.09 3,800 342
4.5 inchbnckwalls m2 7.28 109 794
Plastenngthe walls m2 7.28 88 641
Piping
Coverslab

Allow
in3

1
0.08

150
5,000

150
400

Otheroverheads Allow 265
Total 2,910
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Table A.5.8.2Costestimatefor double compartment septic tank

Cost estimatefor double compartment septic tank
The respectiveestimateis presentedin TableA.5.8.2.

Descnption unit Quantity Rate(Rs) Amount (Rs)
Excavation m~ 3.6 125 450
Screedconcrete in3 0.12 3,800 456
4.5 inchbrickwalls m2 10.43 109 1,137
Plasteringthewalls m2 14.63 88 1,287
Piping Allow 1 150 150
Coverslab m3 0.12 5,000 600
Otheroverheads Allow 400
Total 4.480
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