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1. INTRODUCTION

Summary

To study the problesia of implementing sanitation techno logies in

Africa trips were made to Kenya, Tanzania, Zambia, Ghana and Nigeria

in 1975—1978. Numerous problems were experienced within fields of

project planning, project appraisal, project implementing and opera—

tion and maintenence of the implemented projects. It appeared that it

was more complicated to solve the sanitation problema for the urban

low and middle income groups than for the rural areas and the urban

high income areas. It was therefore decided to concentrate this

report on the urban areas with special reference to Africa.

Besides describing the background for selecting an sppropriate sanitation

technology an attempt is made to give a method of relating investments

directly to the household income. Also it is suggested that everybody

must financially contribute to the solution of the sanitary problems the

overall objective being the improvement of the public health.

Project appraisal is described and an approach to appraise benefits

accrued is included. This approach (AIC—method) also indicates how cost

effective investmenta are made.

To illustrate the suggested approach to investments in sanitation schemes

and the appraisal of alternative solutions, a case study was applied to

the provincial capital Morogoro in Tanzania. This constitutes a typical

african complex urban area. The case study discusses three alternative

sanitation schemes based on equal size investments. The available in—

vestments are derived from annual instalments which are affordable to

the households. The appraisal of the three alternatives illustrate the

the importance of considering the whole complex urban area when appraising

a sanitation scheeme.

Comprehensive background material was available for the case study in—

cluding a preliminary design report on sewerage and low cost sanitation

for Morogoro. The detailed background material made it possible to con—

sider physical, socio—economic and socio—cultural conditions when selecting

sanitation technologies.



—2—

It hen been conciuded that even for a country belonging to the low income

group it in ponnible to finence a nenitetion echeme besed on affordeble

incomen, providing at leest e minimum service level.

Further it hen been concluded thst the whole complex urben area munt

be considered when appreining end planning e nenitation schema.

It in nuggested that not only implementetion of newerage nyntem but also

the implementetion of on—nite disponal systems nhould be a government

(or municipel) responsibility end not left to the uners which hen been

end stijl in coni~n practice.

Objectiven

The objectives of this ntudy ere:

— to review current implementation of esnitetion technologies in

Africa through a field etudy,

— to entablinh the fmnenciel cepability of en urben coinmunity to eolve

their nenitetion problems. Emphasin in pleced upon the principle that

en urban conanunity munt be eble to finencially afford e proponed eenite—

tion schema,

— through n casa study to illuntrate e method of eppreining elternetive

nenitetion ncheme~connidering the whole of a complex urben eree in

A.frice.

The casa ntudy should be made om en urben area typicel (in general

terms) for Africe. As msny enpectn en ponnible ahould be connidered

within the fielde of socio—culture, ecomomy, environmemt and pechnology.
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Pield Studies

General

A field atudy of implemented nsnmtetion technologies was cerried out in East

and Went Africa. The purpone was to etudy:

— Trannfer of advanced nanitatmon technologiea

— Lens edvanced nenitation technologiee

— Efficiency (or exintance) of nanitstion planning

— Design criteria for the nanitation technologies

— Operstion and maintenance

— Sociel conetreintn.

This was accomplinhed through dincunnions with local techniciens and

politicians. The infrentructure, particularly nanitation technologies,

was ntudied in detail. All data end information was collected and analysed

to be used in this report. Mumerous photon were taken, of which e few are

nhown in this chspter to illuetrete the nubjects diecunsed.

This follow—up ntudy of trennferred (and nioderated) technology which hen been

in implementstion for yeare, ie of vitel importance to future nucceseful

technology eid to the developing countrien. Previounly only technology type

end the finsncing problem have been connidered, whereen it is by now obvioun

that only by including social, economic and environmental coneiderntionn will

future technology sid (experts or equipment) reech the intended objectiven.

Also it is by now obvioun that only by organizing and implementing e well—

functioning operetion and msintenence can the long—term uee of e syatem be

necured.

In ntudying advenced technologiee introduced from e.g. Europe it appeered

that they had often been trennferred without connideriog the completely

different conditions and criteria preveiling in the receiving country.

Photon 1 end 2 show e bio—filter plant which was melfunctioning dus to filter

media end digenter being clogged by nend end fet. Melfunctioning also occurred
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because of undernized pmpes. The filter media were thorougly wanhed now and

then, but this made the biofmlter work properly only for 2 weeks. The effluent

in now trsated additionally in pondn (photo 3), and the dmncharge in of a

reasonable quality. Stmll thin in due to the ponds and not to the bio—filter

plein which may in fact be bypasned in future.

Photos 4 and 5 show a manually and a mechanically operated ecreen, whmch are

parallel—taounted. Only the manually operated screen ban ever been uned. The

reanon in that no npare partn are evailable for the mechanical ncreen.

Photon 6 and 7 nhow advanced technology whmch was found to be performing well.

The nurfsce—aerator on photo 6 was mnetalled at a univernity thus being pro—

feneionally supervmsed.

The jet cleaner om photo 7 was run by a well—trained crew.

A vmnit was pamd to the outskirts of Der en Salssm where conpont toiletn have

been conntructed (photos 9, 10 and 11). This in a very interesting experiment

involving a nanitation technology mndependant of water eupply and offermng the

ponnibility of re—using well composted excreta en nou fertmlmzer. Photo 10

shows a tmdy nquatting plate and a bucket of weter. The nyntem is based on dry

compostiog, end water is not supposed to be poured into the composting unit.

Some of the units worked as double veultn. Thene were introduced becaune pro—

bleme had been experienced with the ‘multrum’ (single vault with amr—intake).

— The problems conninted in fly—breeding and the henlth risk from handling fresh

excrete.

Pond systems are shown on photoa 12, 13 and 14, Photo 12 shown a well—function—

ing pond with concrete slabe around the edge. No floeting matter is seen on

the pond, which in a good nign. By way of contrast photo 13 shows a pond which

in overgrown. Floating weede were allowed to grow becaune the pond surf ace was

not kept free of floating matter. The rake 00 photo 8 nhould have been uned for

thin purpone (at an early stage). Photo 14 nhown pondn being completely bypanned.

The nicely levelled ground now holde vegetable gardenn and a soccer field, and

only the inlet pipe dieclones the actual purpone of the pond. The ‘untreated

newage ‘~5n dicherged directly to a stream.
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Often the vmnmtor ma left wmth the mnpreanmon that the mnplementatmon of nani—

tation nchemen had not been baned 00 any planning at all.

One problem which is left unconnidered at nome places is the control of sullage.

Photon 15 and 16 show nullage bemng dincharged to the surf ace drainage nynten.

(Note the water nupply pipes whmch are exponed to damage, corrosmon and contami—

nation.) Everythmng appearn to work well until the nam drainage canals are

reached: photo 18. Mere it appears that also toiletn have dmncharged to the

dramnn, and these actually open sewers constitute a latent health hazard. The

main drain on photo 17 ban a hate leadmng to a newerage system. Only a few

houneholdn ever connected and the nyntem is therefore now partly used through

connections to the nam dramns. One reason for the few connectionn was that

no legmnlatmon exmsted enforcmng houneholds to connect.

At another piste septmc tanks were proponed for en urban area en part of a

gradual mntroductmon of a newerage nynten. This in a very expennive way of

upgradmng sanmtatmon nyntens, as inventnents in concrete tanks and soakaways

will be lost when sewern are leid. Lmkewise the septic tank systems conntmtute

a nolutmon which in more expennmve than a well—connected sewerage nyntem for

eraan with a populatmon dennity hmgher than e.g. lOO cap/ha.

Photo 18 shows an example of bad planning. A public toilet bas been constructed

— but, alan, lower than the nam newer pipe. The photo was taken with the photo—

grapher atanding om top of the nam sewer!

A canon mmstake is the mntroductmon of a nanitation technology (e.g. newerage)

provmdmng only one nervice level in a town showing great variatmons in mncone

level, building ntandard and water nupply level.

Design criteria for the varioun tecbnologmen often origmnate from European etan—

dardn. Thus a newage treatment plant was denmgned to dmschargean effluent con—

forming to the Englinh 20/30 standard for rmvers, denpite the fact that complete-

ly different condmtionn prevamled here.

Denign criteria and ntandards uned in e.g. Europe csn only be transferred to

the developing countrien, if they are adapted to esch mndmvmdual country. Thun
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effluent standard should be related to exmstmng and future desmrsble quslmty of

receivmng waters.

Often operatmon and mamntenance are not mncluded in the planning of nanmtstmon

systems; moreover, this is a neglected fmeld. A proper operstion and mamntensnce

of sny system is of vital mnportance to the long—term functmoning of the nynten.

In future hmgher priormty shnuld be given to the expenses mnvolved as well as

to the training of personel. Lmkewmse a proper organmzstmon should be respon—

smble for operatmon and maintensnce

Socisl Constramnts

Appsrently confusmon prevamis in appramsmng the mnvestments to be made in the

fmeld of sanmtatmon. Actually the sanmtatmon technology provmded was only at few

pistes related to users’ mncome level. Socmal surveys should form part of a

sanmtatmon plannmng to brmng out the ahmlmty or wmllmngness to psy for the

systen to be provmded. Another resnon why the sewersge systen mentmoned in

connection wmth photo 17 had very fsw housholds connected was that the mntended

users could not or were not wmllmng to pay the connectmon fee.

Socmal surveys are also important to ascertsmn preferences, habmts snd pre—

judmces. At several places mt was noted that very niceiy bumit low—cost sani—

tatmon units were of no avsml due to an ‘unforeseen’ unwmllmngness to une then.

In develnpmng countrmen polmtmcmans are often faced wmth the tank of making

decismonn on the sanitation technology to be mmplenented on s too niender back—

ground matermsl. The basis of a sound decmsmon is the svamlsbmlity of informa-

tion on sanitstmon technologmes, economy, socmo—cultural conditionn snd envi—

ronnental background. The ‘best’ nolution might not be the right one.

Introductmon of s new technology nhould also be foliowed up by educstmon of

the users. An exampie of an education poster is nhown on figure 1.1.

Ir appeared that mt was far lens compimcsted to nolve the ssnmtstmon probleme

spplymng to renmdents in rural aress and urban high—income sresn than to nolve

the problemn applymng to urban low and nediun mncome sresn. Agsinnt this back—

ground mt was decided to concentrste the contents of this report on complex

urban aress.



Photoa taken during visits to Kenya, Tanzania, Zambia, Ghana and Nigeria, 1975—1978.

Photo 1. Biofilter—

plant. True copy of

a system used in

Europe. Filterbed

and digeatera.

Photo 2. Biofilter—

plant. A new filter,

identical to the

existing one, under

construction to the

right, although the

existing is mal—

furictioning.

Photo 3. Ponds

treating the bio—

filter effluerit.
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Photo 6. Surface

aerator.

Photo 4. Manually operated screen. Photo 5. Mechanical screen.
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Photo 7. Jet—cleaner.

Photo 8. Rake made

of sticks used for

removing floacing

matter on a pond.
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Photo 9. Compost toilet.

Emptmed at front.

—
r-’’ .~-‘~p’~e

Photo 10. Squatting plate

wmth lid.

Photo 11. Compost

toilet. Emptied st

the back.

It1, ~Udv
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Photo 12. Well—

f onetmonmng

sewage

treatment pond.

Photo 13.

Owergrown pond.

Photo 14. Inlet to

bypansed pond.

A vegetable garden

is saen in front

and s soccer field

in the background.
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Photo 15. Sulidge dmscharge
to nurface drsmnage.

Photo 16. Surfsce drain and wster
nupply pmpe.

— __.._tl

S

Photo 17. Fouled nam surface—dramn.
Connectmon to underground sewerage systen to the rmght.
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Photo 18. Public

toilet located

below the

tnain eewer.

Photo 19. Chmldren

playing in lagoon

fouled with

hospital waste.

Photo 20. How do

you solve their

sanitation prob1em~
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Fig. 1.1

Education poster for usageof compost latrine

MAAGIZO MAALUMU YA UTUMIAJI WÂ

CHOONI V~TU VIS~VYOWEZA KUOZA, KWA MFANO.
in the toilet objecta that are not able to rot, for example:

CHUPA MAKARATASI MAKOKWA MAGANDA MAGUNZI YA
MÂ~IlP~AI~ MAT1JNDA YA NAIWA MAH~ND~

Peel from Sugar—cane Maize cobs
fruita bark

CHOO CflENU KILA SIKU
Important rules o 0w to use your toilet every day

WEKA CHOONI (MBOJj~
VITU VIFUATAVYO:
Put into the toilet
the following objects:

VJPORQ
Left overs

MAJVU
Ashea

.~7 _-~\

TLJÇATAK~ ZOT~

ZA NYUMBANI
All kinds of rubbish from the house

US~WEKE
Do not put

MAKOPO

Tina Botties Hard
paper
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2. PRIORITIES IN INFRASTRUCTURE

Distributioo of Investments

General

The priority given the services in en infrastructure project vary greatly

betweeo and within the projects.

The World Bank indicates the following average distribution and ranges

for sites and services projects all over the world /3/.

Table 2.1 Najor Cost Compooents in Sites end Services Prnjects

(percentage of total site cost)

To illustrate how investmeots in iofrastructure are distributed, a survey

was made of the infrastructure projects that Cowtconsult, consulting engineers

and planners, bas prepared detailed design for. The results are showo in

teble 2.2. The teble was prepared from detailed designs and tender documents

using the contractors coat estimates. This mesos that the costs indicated

for the projects are current market prices. The infrastructure projects in

Tanzania and Kenya ere typical upgrsding projects or new develnpmeots et

medium service level. The projects in Nigerie ere either upgrading or new

development projects at a high service level which the cost/he also reveals.

Roeds and stormwster

Rosds and stormwatersystems are normally tied together end the oost distri—

butinn end cost/hs lie within the following ranges.

Cost distribution (12) 321—75% , average 60%

Coet/he, US$ 2,000 — 47,000 (254,000), aversge 13,000

The coat distribution is fairly consistent eround the 60% end the very

low figures (12% and 32%) correepond with high investmente in sewersge

systeiis.

Cost item Unweighted meen Rsnge

Land 21 14—28

Site preperetino 13 0—19

On—site infrestructure 33 16—77

Plot development 33 4—62
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The cnnt/ha dependn on whether the roads are nurfaced or not and the atorm—

water ditehen are lined or juet earth dreins.

~±!~.2L~1&221Y

The following rangen were found:

Coet dmetribution 5% — 46% , average 24%

Cost/hs, US$ 2,000 — 7,000 (16,000), sverage 4,000

The very high percentages (34%, 42% and 46%) spent on wster supply occurred

where no sewerage systems were to be proposed. On the other hand fire

hydrante were to be proposed in the name projects.

The cost/ha in very connmetent which corresponds well wuth the fact that

there are not many variatione (or service levela) in houne connected water

eupply.

The following rangen were found:

Coet dintribution, (0) 17% — 62%, , average 34%

Coet/ha, US$ (0) 5,000 — 27,000 (58,000), average 17,000

Three of the infrantructure projecte had no proponed sanitation system et

all.

Sewerage systems have not been provided at a wide range of service leveln

and the differences in cont/ha in more relmted to the populatmon density.

The coet dietribution in very inconeistent and eeeme to depend on the

quality of the proponed roade/stormwater or water nupply system.

The detailed eurvey of 10 iofreetructure projecte shows that there in s

great varuation in the priority given to the different nervicee.

Depending on site conditionn the servicen need to be weighted agsioet esch

other. The attitude that eewerage eyntems are the only way of waetewater

control for urben areas munt be revined to prevent the wantewater control

to be en innue of provinion or no provinion et all. Applying verioue on—nmte

dieposal systems would provide the denired financial flexibility to the

nolution of the senitary problems of wantewater control.



Teble 2.2 Infrestructure. Distributioo of Investmeots. (Source: Cowiconsult AS)

Average Total construc Conver
Project Deargn Populatron toon coat sio~ Total Cent Eocbange Total Coat Cent/ho Dintributran Renarka
tnnatroct. your Cnnotry Subject Area Populatio Sensity Project Tine to 197 1919 Cate 1919 of coat

ha Cap Cap/ha Lorat rare
el000

Local nurr
z 1000

019
01011

00$
el010

Dedona veat Tanzania
1979

Dedema Chunangali Tanzania
1979

Hnrognrn Tanzania
1979

Mikocheni Tanzania
1975

Maneepe 8 Tanzania
Tandale 1975

Maeeeae A Tanzania
Itarabatu

1975

Dbnea 1975 Tanzania

Kenya
1979

Infra,tractar
Stom Water
Feada

Water
Seworage

lefraatractar
Storm Water
Raada
Warer
fewerage

Danitation
Dewerage
On—,ite diap

Infra. mao tir~

Irorwarer
Road.
Warer
laaerage

Infraa tractor
Starnajater
Reada
Water
leverage

IeWraa truc tare
Otorwater
Daade
Water
lewerage

Lof ras tractor
1torevatar
Raada

Water
Dewerage

Infran truc tare
enada
Stor~atar
Water
Sewerage

70

80

,400
1,350
,050

35

210

320

234

43

21,000

5,000

655,195
140,000
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Minimum Standard of Tnfreatructure

Settmng a minimum standard of mnfrastrocture me a political masue dependmng

on nocmel polmtmca and economy. Tf no auch policy or schene exieta, only

urban rmch peopie wmll be able to nolve their infraatructure problema mn an

acceptable way.

Once a government defmnea the goala for a comnunuty, the deaurable minimum

health and imving atanderda cnn be defmned. Water supply, eenmtatinn, roada

and aurface dramnagemunt be provmded at thma minimum standard. The problem

of bumldmng atandard ma not diacuaned here.

Here, the following minimum ntandarda ere auggeated for en Afrmcan urban

communmty.

Water munt be aveileble within e maximum walking dietance of 200 te from eny

plot. The nupply ayatem must prevent people from getting in direct contact

wmth the aource entamling the rmsk of contaminatmng the water. Water must

be treated 1f the aource ma polluted or contaminated in order to remove any

aubntence conatituting a health riak to the populatmon. A dineeae (lmke cho—

lera) cen eeamly be tranamitted through the water eupply mf the pathogenee

are not dentroyed mn a treatment proceas. The eupply must also be aufficient

mn quantmty, which meena 20—40 lmtrea/capitn/day. Furthermore it must be re—

imable to prevent people from usmng onnafe water collected outaide the nupply

ayntem. Fmre hydrattta should be conaidered in high—denamty areaa.

Senitation

The aanmtation nyatem muat prevent direct contact with freah excreta. The

handlmng of axcrete muat prevent the tranammseion of excreta—related diaeaeea.

This epplmea both when excrete ere deponited on aite or vhen conveyed to e

central place for treatment. To make aure that people uae the aenitation

facilitmea, these must be convenment, easy to keep clean, easy to uae, free

from odour and inaecte end muat necure privacy.

The ventmiated mmproved pit letrine (see chapter 8, TYPE A) me rated en a

minmmum requirenent for each household (or plot) mf the ground conditionn

are faboureble for thie technology. Aqua prmvien (nee chapter 8, TYPE 0)

muat be prnvmded at locatmons with a high groundwater table or ehallow

rock. Only in exceptmonal caeee are publmc toileta to be the only nolution.
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Ronde and Surface Dreinage

The accens to plots must be dry all the year round, mncludmngbridges or

trenaport facmlmties acroan waterwaya. Low clean (Clans C) ronde ahould

leed to or be wuthin a 50 n reach of all plots. Lmkewmae a reasonable

accean ehould he provmded for emergancy and refuae—collectmon vehiclea.

The nurfece drainage syaten munt be linked up wmth the road ayntem. Unlmned

ditchea munt be conatructed havmng e capacmty aufficient to prevent flooding.
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3. ABILITY TO PAY FOR SANTTATION AND TNVESTMENT SIZE

Introduction

Expermence shows that a project stands a better chance of bemng realmzed

mf a communmty ma fmnnncmelly nelf—reliant, in the sense that revenues

collected on n project cover deht nervmce, operetmon and namntenence.

Mao, the posambilmty of obtemning loana from international lendmng

agencmea me greatly mnproved if inventmenta are related to the abmlity

or wmllmngnenn of the comnunmty to pay for the nervmce provmded. Tf this

relatmonahip is not considered, there ma a risk that mt ma not ponnible

to collect all the project costa anong the unera.

To reech en approach towardn judgemant of the fmnancial reaourcea which

could be collected among the nemhern of a comnunmty, an entmnation in

mede of the proportmon of the cesh mncone that the houaeholdn ere able

(or even willmng) to npend om boon mng.

Hounmn&

The term ‘hounmng’ hen et leest four different neenmngn:

— the house itnelf or the shelter

— the house mncludmng nanmtation, where on—nite diaponal systems ere

cometruc ted

— the house mncludmng on—site mnfreatructure

— the houne mncludmng on—amte end trunk mnfrestructure.

Generally hounmng in uned in the broed aenne of the word, e.g. by the World

Benk /3/ and the Mmnmstry of Land ete., Tanzanma /2/, but often mt ie not

clearly defmned.

Tn the present peper hounmag is teken to mnclude ell mnfreatructure en defined

by Hernia /7/.

Tncome Groupn

The income proportmon which could be apent on houning by the hooneholde will

depend om the themr income leveln.
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The World Bank /3/ dividen a community mnto four incone groupa:

— lower mncone group

— lower middle mncome group

— mmddle mncome group

— hmgh mncome group.

Whether n houeehold belongs to a lower or n high mncome group depende om the

country to whmch mt belonga. Thon a houaehold from among the lower mncone

group mm a relatively hmgh—mncomedevelopmng country could easmly belong to

the mmddle income group mm n poor develmpmng country.

Lmkewmee the atandard of hounmng which cnn be obtamned for the name expenditure

(e.g. expreaaed mm US$) varmen very much from country to country.

The canh mncome of a hounehold ununlly connmnte of n formal mncome earned

by the hand of the hounehold plun informal mncome enrned by the other membare

of the hounehold. The nublettmng of roomn elno contrmbutee to the canh income.

Genarally per capmta mnconen below $ 180 per yeer in rnted en 1mw mncome /6/.

Tmcome Proportion Spent om Houning

Accordmng to the World Bank 131 hounmng reprenentn come 15—20% of hounehold

expandmture. A fmgure nround 20% ma aupported by the Netiomal Houeing Research,

Nnirobm /5/ and OOM, Ismalma /4/. The Minmntry of Lendn etc., Tanzanme /2/,

claims that reamdente in lower mncmme arenn are able and wmllmng to pny up to

20% of the total hounehold mncome for houamng and thone in n atronger income

poaitmon up to 25%.

For plannmng purposen It ma proponed that the mncmme groups cnn apend the

followmng prmpmrtionn of thnmr hounahold mncome on housing:

— lower and lower nmddle mncome groups 15%

— mmddle income group 20%

— hmgh mncome group 25%.

Prmpmrtmon of Houaehold Expenditure for Tnfrnatructure

From out of the mncomn proportmon for houammg, n certein percentage is eveil—

able for the provmniom of infrnstructure. Exmetmng aettlern ere expected to

be able to prmvide a lerger proportiom of the housing expenditure om infra—

atructure ;hatt ere new nettiera who have to gmve fmrat priority to the con—

ntructmon of en acceptable ‘ahelter’. Stmll thmn dmfference cnn be neglected
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mn caeen mn whmch a local lendmng institution provmdaa low—mnterent luana for

the cmnatruction of hounen. Material bene are evailnble at 5% from the

Tanzanma Houamng Bank both for new nettlers and for settlern in upgrnding

areas /2/. Thin bonn poanmbibmty me expected to stramghten out the mammdif—

ference mm ‘shelter’ expennen batwnen exintmng end new nettlers.

World Bank expermence from nmten—and—servicnn projectn shows n wmde vnriatiom

mm the relntmmnnhip batween expemdmture for plot davelopment (core houne and

dwellmmg constructmon) and expanditure for om—amte mnfrnstructure, but mm en

average expenditurne are equnily dmntributed /3/. Thun expenditure mm total

mnfrantructura in more thnn 50% of total hmuemng expenditura.

Detnmled etudmee made by the Mmnmetry of Lands etc., Tnnzanmn /2/, and 0DM,

Iamnlmn /4/ mmdmcnte that expendmture mn mnfrantructure rangen between 50

and 60% of hmuning nxpandmture.

To the present etudy en avnrnge figure of 55% hen been adopted, whmch in on

the bower nide. Thun the prmpmrtmom of hounehold mncone spant om mnfrnntructura

me na folbuwa:

— buwer and luwar nmddla incoma grmupn 15% x 55% = 8%

— mmddle mncmna group 20% x 55% = 11%

— hmgh mmcome group 25% x 55% = 14%.

Themratmcnl Abmlmty to Pny for Snnmtatmmm

Luwer and lowar nmddle income groups are assumadto ba providad wmth nt leent

pmt latrmnaa, publmc stnndpmpanand 1mw—clean ruada.

For the middla mncmna group the mmnmmum mnfrnatructure eervmcn level prmvmded

wmlb be: plot—cunmected wnter, power eupply, bntter ronde and eewerage ur aque

prmvy cunnectiun.

The hmgh mncume group ma prmvmded wmth huune—cunnected water, power aupply,

paved ruada and aewerngeur eeptic tank cunnnctmon.

The prmportmmn apent mm ench mmfrnntructure element wmll ahuw great varmation

from project to project. From the infraatructure nurvey deacrmbed mn chnpter 2

ma darmved that snnmtntimn nccmunts for 1/3 to 1/4 of the total mnfraatructura

expnmae. Thua the hmuaehold mncomn propurtmona whmch each incume group cnn
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afford to epend om annmtntmon will be as followe:

— bower and bower middle imcome groups 2%

— middle mncome group 3%

— high incone group 4%.

These percentagea are somnwhat low ee compared to figuren atetad in World

Bank papern /6/, but included mii the abuve recozmaendadfiguren in the annusp—

tmon that uaera are nxpected to provmde auperatructuree or houee umatabbatiom

themselven.

Consequnntly houaeholde are asaunedto be abbe to spemd thnir incomee ee

ahown om table 3.1.

Coat Recovery Syntem

To express the household mncmme prmportmonn available for aanmtatmom in poten—

tmab mnventment capital, different wayn of chargmng for ennitatmon eyntnma

will have to be booked upon:

1. A omce—for—ell fne based emthnr om the coat of cnnnectmon to a newerage

ayatnm or om the coat of providing um—nite diepoanb ayeten plun a momthly

fee to cover operatmon and naimtemance.

2. A aurcharge per cubmc metre used = the average incremental coat of sewer—

age x the proportmom of water returned as waatewatnr. This syatem ie

uaunlly only applmed to aewernge systems, and the ayatem ma not applicahle

to on—emte dmepoaal nyetema like pit latrinen.

3. A monthly flat fee including the annuitmzed portmom of connectmum or

prmvmaimn coat, plus operatmon nnd mamntemance coat.

Expnrience ahowa that cunnnction to n nnwnragn ayaten ie more rebuctantly

nccepted mf n cmnnnctmom fee hen to be pamd. For 1mw mncome groupa it will

take n long time to save nnough monny to pny the omce—for—all fea for the

provmammn of on—nite diaponal nystern.

The eenmtary probleme canmot be eolved for urban eraan in Afrmcn without

providing mn—site diapmeal eyntnma like pit latrmnea, and recovery eyetem 2

canmot be ueed throughmut.
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The moet nttractmve nyntem ma 3. The monthly flat fae could emthar be a repny—

nent om a bank bonn included in the land rent (plot rent), ur it could ba cml—

lectad na n ennitatmon tnx. The cullection of en extra tax for aanitation opene

the posembmlity of croen—eubnmdnzmon withmn n community and the enforcamant of

a annmtntmon prugramme.

Invantment Smzn

Aaeumimg the admption of the thmrd coat system the monthly (or annuel) fee will

be aqual to the househuld mncome propmrtmon whmch each incone group cnn nfford

for nnmmtatmmn.

1f nnnitntimn syntena are to ba financad by mndividunln — through bank loans —

the mnveetmant amen for n hounahold in nttamned by rnearvmng n prmportmmn of

the fan for oparatmon and mnmntanance and for the anortmzntimn of the rest.

1f a nnnmtatmmn programma ma to ba fmnanznd by en extra tax, this tnx ehuuld

have n nice aquni to the houaehold incmme proportiona spant on sanitatmon ee

indmcntad pprevimunly. Such nn extra tnx to be pemd by the huunehulde could

be convartad mnto potantini mnvnatnnnt capital by amortizing it na imatalimanta

on a bonn after the deduction of n portion for oparation and maintenance.

Amortizntiun generally taken plece at internet rntee rnngmng from 7% to 14%,

wmth repnyment periode of 15—25 yeara, according to the World Bnnk /3/. These

rangee are euppmrted by the Mmniatry of Lande etc, Tanzania /2/ and OOM,

Inmalia /4/.
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4. APPROPRIATE SOLUTIONS IN TNFRASTRUCT1JRE

General

Selecting appropriate solutioma in infrnatructure jobs ie qoitn n complex

tank. Within each nubject (roadn, water aupply, eamitatiun, atormwater)

a wide moge of elternativas exiata, bot the appropriate nolutiom will

often be the necond beet nobutmon — eince the perfect one neldom exiata.

The problem in rather to axclude certaun technolugmen than to select the

bent one.

For aach nubject the technobogy known at present munt ba entablinhed.

Tn the 1970e the eyen of many devebuping countrias, bemks, nnd aid

organmnntionn hnve been opemed to the usa of the no—called 1mw—coat

tachnobogies for upgrading exiating mnfrnetructuraa, and planning naw

unen. Exieting bow—coat technmbogiaa have baan mecordad, and inprove—

mente nuggeetad. Reabiaimg that conventmonal Wantern nathoda are beymnd

the meach of moet davalopmng country cummunmtmae the tranefer of 1mw—coat

tachnobogmae batwaan the davabopmng coumtrmaa— end the impruvamant of

thaee techmobogiaa — are now noten of the team taska for angmnaars angagad

in davaboping countrine’ programmas and projacte. This done not maan that

only bow—cmst techmmlogmea are applied in devabmping countrmaa, but these

tachnmbogiee ere important whan auggaating a nolution cataring for a whmle

cormunity. Tha hmgh—mncomaeraan will in ganaral ba aarvad by comvantional

Waatarm tachnobogias.

In the folbowing, noten of the aenitetmmn technologiaa are briefly

dancrmbed, mncbudmng the mnfraatructurab factore ralatad to eanmtatmun.

(For more datamlad daacriptiom aan maf. /6/ and /7/).

Furthermora, tha critarin and conditione for eabacting tha approprinta

emlutmone are dmacueaad, wmth the concantratmon mainby on ramoval of axcrata,

aulbega end rafusa, na these are the mont complicated problama to ba emlvad

in en infrantructurn project.

Watar Supply

Thraa bavale of wntar eapply are conamdarad,

— public atandpmpes

— single—lap hmuaa connactmuna

— multi—tap houae cmnnectiona.
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?1i~i~42iEE!
The public etandpipen cao either be cumoected to a water euppby nyntem

om be mounted directly om a hamdpump, om motompump—opematedwell. The

consuaption me 20—40 lmtmee/cap/day dap.andmng om wnlking dintnnce to the

etendpipe and the eupply capacmty.

Each plot om houne ueually han a tap outeide the houne, and the water

comeuteptiom ie 40—80 litmae/cap/day.

The pmublem of getting rid of the sullaga is arieimg wham noch service

level ie imtroduced.

The technulogy of water aupply at this service level is of cmnmion Westen

etandamd, and the watem cuneumption mnngae from 100 — 200 litmen/cap/day.

Thmn service level of water eupply in mequimed for intmoducing waterbomne

eawega, na will ba diacuaaed later in this meport.

Watam eupply synteme can ennily be etegad. In a bow—income area public

standpipas cnn ba bocated to gmva a maximum walking distnnce of 200 te

from any houae. As the amen ie upgmndad the nupply eyatam in bmnnchad

out to each plot, and from than it ie up to the plot ownam to carry out

multi—tap houaa conmactmon. Thie etagmng in quita common, and it in

tharefore mnpomtant to deamgn water name for the hmghaat aemvmce level

although a lowem aarvica lavab ie intruducad from the start.

Sanitetiom

Today a wide manga of tachnobogien is known for the memoval of weetewatar

conniating of huxnnn axcmata and nullnga. The design and functiom of the

vnrioua aanmtntmmm altarnntivaa are daacribed in detail in the lmtarature,

end in the diacusaion balow the folbuwing baeic annmtation abternntivas

are conamdared:

— Pit letrmnaa

— Compost letrmnae, doubla vault batrmnas

— Bucket cnrtaga

— Vacuum truck cartage (vnult tuileta)

— Aqun prmvmea

— Septic tanks

— Sawemnga
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Other solutiomn are moetly verietione of the ebove memtioned altemmetiven.

Pit latrimen, compost latrimee and bucket cartage,collect and remove

only human axcrete. Sullage munt therefore be dmnpoaedof om the

ground. tipped in gardamn, om led to small noakawayn om dmaime leading

to street drainn, depending om the quamtitien.

Sullage in not cominonly bed to the vault toilete either, bot ie often

led to aqua priviee and eeptic tanks. With regamd to aque privien and

neptic tanks aullage helpe keepimg the watem—neal which me important to

pravent mnnecte breeding and the apmeadingof odour. 1f sullage ie not led to

any of these thmee tank niternetiven it must be disposed of in a eoakaway

om lad to the etormwatar draine.

Whemnelecting namitation technulogy mt me important to connider the

axisting and amticipated water comaumptmon. In the water comsumption

relatmvaly bow, any 50 l/cap/day, the aullega can be diaponed of un

nita of eourae dapandmng on groufid comdmtmona and building dannity.

Ie the water comeunptmonmore than, eay 100 l/cap/dey soma eurt of

aewerage nynten ma mequmred.

Stornwat er

The quality of the atormwater drainage eyatam ganemally folbowe the

standard of the road syetem. The moet emmpla ayntam in dramnn cut in

the ground. An improvamant me liming the drama with etone pmtching

or concrete.

In a more ndvanced eyetam the stummwnter eynten will comnist of cbosad

guttame and culverta, whmch will be the eyntem to ba ueed whan bitumen

pavad ronde ara introducad.

To radoca the nice of the cboned atormwatar eye tam a series of retantmon

baemnn in comatructad to even Out the paak fbowe.

Rafune Collaction

Refuae collactmon bas typically a bmw pmiority in the deveboping countries.

However, wmth the incraaaing populatiom danaity the problem of indiacrimimate

refuae diapoeal bacomee very nerious.
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Lack of proper refune collectiom will hema etormwatem and sawemage systems.

An a first ettempt to organise mefuse collectiom nome countries a.g.

Nigemia, have conetructed’refuee houeee’ neer market placea and other

centmal placaa in towme. These — in fact sheltera — have not been aucaaa—

ful and cannot be racommended as a first—stap refune coblactiom. A much

better nolution in the method of unimg large refune conteimems (for mnatance

5 cu.m containers) plecad etrategically in a town, in mamket plecan as

wall as co,nmercial and industrial araae. The walking dintence ehould not

exceed 150—200 m. The containers are frequantly pickad up by tractore

om trucks and haulad to a dunping ground mutaide the town.

The highest level of aarvmce in the houee—tm—houne collection ayntam,

where aach houea haa ita own 100 litre rafuae bin. This ayatem appliaa

to low and medium dansity eraan within the urben structure. Bmth axietmng

high dennity eraan (blocks of flats) and new eraan nead a rafusa collectiom

nyntem uaing contammare locntad mneida — mm naxt to the building (houea).

Rafuna bina — om containers — are genaralby amptied om n waakly baama.

However, ehortage of collecting vahicles, owing to break—downn, oftan

prevante nuch frequant aarvica.

Criteria and Conditimne for Salecting Apprmprmata Sanmtatmon Tachnnlmgy.

For the ealection of en appropmiata aanitntion tachnobmgy at n apacific

time for a spacifmc part of a town, information on the avironmant, nocio—

culture amd axintimg/proponed imfrastmucture in necaseary.

The cont and management of the tachnobogiae muat also ba appmamead. The

conbimation of the above date will in general excbuda moet nolutiome

leaving only e faw poaaibibitmae to ba implamantad.

Environmental Comditiona

1222&EB2liY

The topography me important wham booking for gravity eobotmons of bmth

foul water dmainaga and rein water drainage. In flat eraan daap axcnvetmona

and puinping of nawage may ba requirad, and thue will incraeaa the coet and

meintenance of a eewerage project coneidarably. Pumpimg may also ba re—

quirad im a hilly area whera aawaga ie convayed to a cantral placa for

tmaatmamt.
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Ground conditiona

The stabmlity of the noil will mnfluence a.g. the conetruction of pit latrmnen.

In boone noile like eend, the pit will cava in mf no nida—eupport ie

conatructad.

The parmeebility will imfluenca the infiltmetion in pit latrinee, the aullaga

end neptic tank affluent’e diaponal into aoakaweyn, and the runoff of rein

water.

Rock doen to the ground aurfaca could hampar any axcrata diaposel con—

eiderebly. Excavation will be coatly, and this has in noten canas md to

the posembmlmty of using the bucket/veult and cartaga systems. To be abla

to usa on—emta axcreta dieponal, rock muat be et meet one matra babow

aurface.

1f the groundwatem table ie done to the eurface this will reduce the

poeaibmlity of imfmltratiom and the usa of noakawaya. 1± the groundwatar

tabla ma lens than 0.5 m baby ground level, imfiltration is not poeeible,

and onaite diaposal ayetena cannot be uaed.

Removal of water from pipa trenchan during the cometruction of aaweme

will incraane the cont of the job conaidarably.

Cl mate

The frequency and imtensity of stomme are daciemve of which maanuman are

to be taken to pmotect agaunet flooding — and the nice of e raqueeted

etommwater syatem.

The air terapemature imfbuencan the biologicab procennee in aqua—privies,

eeptic tanke and newaga treatment pomde. The highar the temparature,

the fantam the braak—dowm of organic mattar amd deetruction of pathognme.

Protection of the Emvironmemt

Water meaourcea (also future) munt be protected againnt pollution om com—

tamimatiom. For example could extenaive noeking pollute the groundwater

renourcas om diecharga of umtreated eewage could polbute rivemn om etreame.

Uncontrolled defaecating will drente a eerioun heâlth—rink amd en umplaanant

environment.
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Socim—cultural Comditione

1f the pmpubation denaity renchee 200 cap/hn, or more, the on—emta

diaponal ayetamn become unfaanibla, om even inpoaambba, and sawarege or

& dartage eyetan are the omly posnibilitmen. Conpoat toileta are not

racommended ae thare me mbvmouely no uea for compost wmthin the high

dansity eraan. Om the other hand, on—amta diepueeb eyetamn ara very

feanible in 10w dnnamty araas wmthin the urban atructura, dapandmng

howavar on the ground conditmomn.

As towme grow in nice, they tand to bncome more complex and advancad

technubogmas will thun be raquimed.

Health

The only way to prepare e long—term pmevention of axcreta—rebated and

watar—rebetad dmaeaeea me by introducing excrete and eullnge ranovab

and stommwater control. Mont of the on—emte dmsposnb synteme (accept

septic tanks) do not take care of the aublaga, which bacomes a narimus

problem — more mm been aermoue, dapanding om the nou cmndmtmome end the

populatiom denaity. Stending Pools of sublage om ntmrnwatnr provida

breeding comditioma for pathogans carrying mnaacta, and many pnthçgama

nuch as helmimthea, aurvive very wall modem wet cmndmtmonn.

A wall—fmnctmmning pit latrina gmvee tha anne haebth benafit agnmnnt

excreta—malated diseaaes as a cietarn/fbu~h toilet nystan, but the probbam

of the nullaga dieposnl maken the differenca batwean the two systems.

Çulture

The problen of the meer’s ecdaptenca of a tachnobogy hee oftan been

negbactad,avan overloojced. The introductiom into a emciaty of a new

nanitetiom eyntem that may be against the uner’n raligiom or traditions

will be almont impoesibbe to entabbinh.

Edmcation end lagialation could brimg changea, depanding howavar on the

attitudee towarda than in the society. 1f it in ponaible to imprmve the

exinting namitatiom technobogian this would in general offer the bast

bow—cont solutmom.
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Two axanplan of cubtumab infbuanca un ealectimg namitation tachnobogy

nhoubd ba mantionad. Comtrary to the people of Ania, the peuple of Africa

are etrongly againat hamdbimg of axcmata — which in mamy casen alimmnatas

the buckat/vault — cartage aobutiome, and to none axtent the donpont toiletn.

1f it in prectice in e nociaty to usa water for amal cleaning, conpoet

toilete - which must be kept dry — denmot be nuggented. Om the other hand,

this practice would secure the well—functionimg of aqua—privian and watem—

saab toilats.

SocmuEcomommcs

Dapandung on the policy of the country, the paople will pay for the

aanmtntion nemvmcea themnebvne. 1f croaa—aubeidy through taxee — or other

ponnibla subsidies are laft out the aanutatiom nystem is cboaely commacted

to the houaehold income, and thue the hounuog standard. The total ennual

coet per houeahobd can be compared to the total annual houaehold mncone,

and annuming that people cnn usa e.g. maximum 5% of theim income om samitatiom

conetruction or improvanantn, pit latrinan and bucket systems will ba the

only faeaibla eobutionn in aquatter and bow—cont ameae. Anothar factor ie

that through aducation and/or lagialatiun paupla çould apend more on

improvmng their eanmtatmon cunditmons.

Coat end Management

Coat

The coat of the vnrmoua aanitation tnchnobogmea very connidemebly from

the bow—cont pit batrime to the wntarbomme eawaga ayntam — e very important

factor for fmndung the apprmpriata technology. As dmacunned abova, the

nyntem will have to be aalectad to smit the finencial ponaibilitiee of

the uaar.

Forthermoma, it ma important to select the tachmology from the uner’a

fmnanciel naans, bot also from the view poimt of the country’s edonotny.

The letter mncbuding all raamurcee npant (imcbudmng foreign axchamga)

and benafmta obtainad.

Anuther coat factor me the ponembibity of the uner provmdmng free labour

in for unntanca a aalf—help schema which would redoca his expensee and

imprmve his motivetion for uning the tachnmbogy.
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Management

Some namitation technobogien imply much haavier damanda mii management

and maintemamce tham other systems do. Pit letrinea for imstanda do nut

imply hea~ demamds om imetitutiomnl management — and in addition they

are easy to keep clean and naimtemn. Om the other hend, any camtege eyetem

will raqumre a aubstentiab management ntructure and reguler meimtenanca.

Cartage nyntenn ere very vulmerebbe to any braak—down in for instanca

tremeport units. Sewamaga systems also requima management end mamntanande,

howevar, normally umntitutimmel, end eeldom the uaar’a renponaibiluty

Comdutiona of Infrastructura

The eemmtetiom technmlogiea ere intarralated with one om more of the

othar imfmaetructure factmra, end these therefore ere deciemva for the

ponnibla nolutioma.

Water

The puesibla eammtetmon tachnmbogiaa that could ba propmead for en erna

depend on the service level of water nuppby in that perticular erna.

Cintamn—fluahad toibate cnn only be mand if wetar is commectad in the houne.

Aque—privian can ba unad if plot donnactmomeere aveilebba, but ere our of

the quantiom uf the population hen omby accana to public standpipaa. This

implian that mmprmvemantof aenmtatuon technobogy ma cbosaby ralatad to the

eervice level of the water nupply.

Abem the quabmty and qunntity of future water reaourcaa could raduca the

per capmte amoumt of water avaubabbe mf the raeoordae ere axpnnaiva to

davebop or even do not exiat.

Stornwatar and roada

Stormwatam drainage in generebby linked to the rond syntem end ma mmprovad

ee tha roada ere upgredad. In faw ceaen etormwetar dmtchaa ere dug (or

ehmuld ba dug) outaide ronde, wharn fimodung problema mdcmr. Fbood

dontrol ma vary important whare pit betrmnna ere mand es these could

ovarfbow durmmg n atorm,crantung health hezerda.

Cartega systems and refuae cobbectmum are elam dapending om a road

nyetam. The ronde munt be of euch a quelmty that rafuaa collecting end

dartage vehiclee dan aafnly reanh the bmna and contemmere.



— 35 —

Genarelly the “ahebrnr” or human is to ba provuded by the occupinr of n

cum. The buildung standard will dapemd om his fmnamcmab reaourcaa end hun

internet.

Siten end aervicea achames e.g. Damdome, Kenya /10/ do nometimas howevar

provmde core unute (kmtchen and bath) the remamning part of the houea laft

to the ocdupiem to built.

Imprmvnmant of buildimg standard increanns the poaaibmliry of extra mncomn

from aubbattung rooms. Also the bocetmon of a aanutation ooit mnside the

house end multi—tap houaedonnactad water dapanda om the standard of the

bumbdmng.

Selndtion Procedure

When planning and deeigning a nemitetiom schemacoma of the data are fixad,

othare vermable. Phyaicel date like ground condition end topogrephy are

typmcal fixed date that cannot be altemed.

Economy, populatiom dannity, nervice laval, aodimeconomy and haelth

ere data that aach dan ba gmven e high or low priomuty.

In the eemitatmon saleetmom procedure thema will thus ba e number of fixed

(cnmnot be guvan prioruty) date that will have to be coneidered first.

This will eerva ae a “scream” leeving ralativa few poaaibilutiaa that cao

be implementad. Theae ponnibilurien must than ba appmaiead agaunet the

veriable data and selectiom ie done by giving high prmority to certain

date.
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5. PROJECT APPR.AISAJJ

Imtrmdoctmum

Am appmeinel of eltarnative nanitetuum projecte ma done by tachnical, aocmnl,

envmmommental, funendiab end econummceb eppmaianls. Within nach area na many

date en posaibbe shuuld be collactad to abbuw for e raeluetuc apprameab.

Technical Appraisal

The tachnicab appraianb mncludes en eveluatiom of the date diacuaaad in ‘Cri-

teria and Comdmtioma for the Selectium of Appropriata Senmtetion Technobogy’.

Also the uae of medhammcab equupment (pumping station, eemntora, vacuum trucks,

etc.) ehould be appremaed.

Social Appmamnab

The pmojedt nhould be appreiaed in rebetmon to the uaera’ praferemces, hebita

and prajudmcea. Thin ie far tom often ovarbumkad, the reault bamng bonn of mm—

veetment.

It ie of vital mmportance to have a throughout kmowledge of the nocuaty where

a schema in to be implemented. It is to be aenured that people will actuably

usa the fecibity prmvmded and it ehoubd be mbvious attractive both fmnancuably

and for the well—bemmg to uae it. It in stromgly suggeated to imvolve a local

nociologint (where avambeble) in the amcmel appreieel.

Environmental Appraiaal

Polbution of groundwatar maeervee and wetarweya can be attributed to soakaweya

and duacharga of untreated waatawater to rivers atc. The comnequamcns of nmy

wastewatar dmscherge should be appreined agammat the desired quality of the re—

ceivung watern (mmcludmmg groundwater) . This is important both for the control

of future fmeah—water renourcan and the recreatiomal value of leken, rivern,

aeaeiden, etc.

The emvuronmantal effect of waetewater duncharge may elco be detrimental to

om improve the haelth eituation. 1f weatewater is treeted effactively, pathogeon

are deatroyed. In hamdlung excreta the samitary staff will be expoaed to patho—

gemid contammnation, and thema is a mink of npilbage.
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Financiel Appraiaal

The pmmcea uaed for the fmnanciel appraieal ere markat prmcee, i.n. the

pricea at whmch contractoma tandar for conetmuctiom work end ere peid for

the work dome. The methodobogy to ba epplied would comprina dincoumting of

the doet value end the beoefut streame at en apprmprmate diacoumting rare,

which for devebopimg coumtriaa typicably felle withim the range 7—14%

(cf. ‘INVESTMENT SIZE). It is not punembln howaver to express the benefute

from nanitation pmojecte in monetary tamme. Banefits must be expreesad im

mo. of pbote or persoon donnectad to e senitery unit or e sawerege nyntam.

In thia report benafmt in dafmned ee a conmactmon to a wanta diaponel

eystam dinmegardung the quality of the eyetem. Provudad that the heelth

bamefut from the differemt syetenn are about the name (nee p. 31) and that

the water nupply nyntam me developed regerdmng the type of wente diaposab

eyetam avamlable to the uaar this ie a reaeonabba approach.

1f the type of wante diapmeal aystem ware to ba megamded in the bamefit

axpraenion, the banefir could be the anmunt of weateweter that cnn be

diechargad.

The problem of appmaiaing bnnafitn darmvad from aanitatiom systems in

nimplifmed by the everega mncrenantal cost (AIC) approach. The per plot

AIC of a eanitatmom nyntam in foumd by dividing the present value of the

cometructiom, oparation and maimtemanca doat by the preaamt value of the

incremamtel pbote comnactad. Thun thia nathod takae mnto comeudemation

that bamefume received cm a later etage ere worth lens than benefits

receuved immediately. Hema the AIC expreeane the avemaga anmual doet of a

aamitatiom ayatnm per plot commectad.

t — T c—1
~ (C + O)/(l+r)
t—l t t

AIC -

t— 1
M /(1 + r)

whare t — time, yaeme

T = design lifetima, yeara (maasured from start of project at t—O

— conetruction coate incumrad (market prucee) in yaar t
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= mncrementnb (from yaar t=0) oparatmun end maintenance coata
mncurrad (nerknt pridea) in yaar t

Nt = additional plots (from yeer t=0) served in yanr t

r = oppormmnimy coat of capitab (= diecounting ramen), percent

mines lO_2.

Veluen of exintmng aanitery structuren (constructed bafore ynar 0)

and mhamr running coat end banefmts ere not mncluded.

Source: World Bank /6/.

By using the AIC approach mm becomaa pmanmbbe to cmmpara aenitetmmn schenen

benad on on—sime diaposal systame with schamen banad om conventmonal aawemage

eynmeme. One of the mammdmfferencee between on—amte systems and conven—

tmonab newarage nyamnme in that on—sute eyemams aarva the design populatmon

immedmetely om completion, wharaea the aewerege syntan will benefut few

during the early yaers of conatrucrion, the design populetmon bemmg fmnebby

reechad mmby over a long parmod.

The AlG approach in a wey of expreaemng the afficmancy of the mnvestmanma

mede. Whan cmmpnring two eltemnetive projecta baaad mm the anne nice invaet—

mant, the ome with the bowaet AIC ban the moet afficiemt utilizetion of

imvaatmemte if the qualmty of the bemefmt ie dinragerdad.

The AIC approach cnn gmve en imdicetion of the aenitntimm schema havimg the

highest connectmon mme eaammmng equel invantmemta, bom mm does not raveel

the mumber of plota commnctnd in reletmmn to the toteb nunber of plots.

Mowavar, thie could be done by calculating the AIC ee if imveatmanta are

done cm mhnm all plots could be conmected wham anmebbmahad and mmhabited.

This procedure could be uead as a benms for the evaluatiom of the AIC amze

for e given aemmmetion schema.

The AIC et market pricne ie also en nppropriata guidebuma for datermmning

the newnmege charge, e.g. in ceae the sewemage charge in melamed to water

comeumpt ion.

When appreising namitetiom achenen for renmdantieb erees, it in important

to calculate the AIC for imduetrial, conmercial and public araaa as wall ee

for the trtnfurbam area. A aamitation schema hevumg a reletivaly 10w AIC
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for reemdemtiel eraan may have n raletively high AIC for the total urben

area, auch ee it will appeer from the casa emudy deecribad bnter in thmn

peper.

The AIC approach can be usad to decmde whan it will ba feesibba to start

conatrucmmon of a aawaragn system. In towme in which vary few houneholde

have houae—comnncted water, unly these will bennfit from e eawamege nyntan,

which ranulta in extrnmely high per plot AIC. This alao nppbmea to eraan

hnvimg e vary ebow devabopmant in housing standard end water auppby end,

connaquantby, in the posambubity nnd denim of beung connacted to a

eewerege ayatnm.

This will be mllusmratnd by en exemple:

A mown ban 10,000 unhebmtentn om 1,000 plots. The pruce eatmnnte mand in as

fobbowa:

Conat ruc t u mm

Trunk—anwer sewege tmeamnant: $ 500/plot

Sewer mama $ 700/plot

Sawer bnterela $ 1100/plot

Plot installetumn $ 700/plot

Main tanende

Trunk, tmeatment end mama $ m0/yeer/plot

Complete nystem $ lS/yanr/plmt

Opportunmty coat of cnpmtnb 10%

Lifetmme LQ ynnrs

Trunk sewer, trantment plant and sewnr mamns are construLed wmthmn the

mnmtmnb fmve yeamn. Lnternle end plot connectiuns ere mnnmabbed doncur—

rently wuth cunnedmiuna of plots.
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The AIC per plot is calculated for three sequences of connection

Se~uence1:

Period

Years

AIC per plot = $330/year.

Maintenance

$/year

10,000

11,000

15,000

It is up to the politicians and economlsts to decide on the maximum AIC for

a sewerage system, but according to the World Bank /8/ a maximum figure could

be $400 According to the case illustrated above this means that 40—50% of

the design population for a sewerage system should be connected within the

initial. 10 years to give S resonable annual cost per plot.

Plots Connected InvestmentB

$

0 — 5

5 — 10

10 — 20

0

20

100

1,200,000

360,000

1,440,000

AIC per plot = $792/year.

Period Plots Connected Investments J~’aintenance

Years % $ $/year

0 — 5 20 1,560,000 11,000

5 — 10 50 540,000 12,500

10 — 20 100 900,000 15,000

AIC per plot = $429/vear

}‘eriod Plots Connected Investments Maintenance

Years 1 $ $/year

0 - 5 50 2,100,000 12.500

5 - 10 80 540,000 14,000

10 — 20 100 360,000 15,000
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A cash—flow analysis of money fiows at market prices iridicates the annual

financial requirement. Depending 00 the system of collecting iostallments,

the aoalysis will show if subsidizing will be required.

Economic Appraisal

An economic appraisal differs fundainentally from a financial appraisal in

that the prices used in the streams of investment, operation and maintenance

costs are shadowed to ascertain the project cost in relation to the economy

of the country.

The AIC approach is also used for economic appraisal, where it gives the

cost from an ec000nu.c efficiency standpoint. The shadow factors used to

attain shadowed cost are here experience vslues taken from the World Bank

/9/ and 0DM /4/. The shadow price expresses the social value of a good.

The shadowed costs are influenced by the availability of: unskilled labour

foreign exchange, local and imported materiala.

1f the stream of benefits are expressed in e.g. plots connected in the AIC

calculations, only the benefits cao not be shadowed.

The discount rete used for economic spprsisal is here assumed to be the

same as that used for the financial appraisal.
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6. CASE STUDY, GENERAL

Introductuun

To uibuatmete the probbems nnd cumsequnnces of mnveatmnmt in duffaremt typen

of aemmtntmon systems n cese study hen baan mede of mhree abmnrnatmve snnm—

tntmon progmanmea. The provuncunb cnpitab Muruguru mn Tanzania was sebected

becnmse:

— mm reprneants e najur urban aren wmth developnemt problams typmcel for

Afr mce

— cumprehensmva nnterunb is evamlabbe for mhms tuwn.

Eech of the threa nlmernatmve nanmtamumn programmas ms bnsad on nmnmally

nvnilnbba funds nttnmned mm eccordeoca wmmhthe prmncmpbae set out mm chnptar

3: ‘ABILITY TO FAY FOR SANITATION AND INVESTNEHT SIZE’ . A 30—ynar planning

parmod ma dmvmdad mntm thmee phnsas phasn 1 (1979—1984), phesa 2 (1984—1989)

and phnse 3 (1989—2009).

Ganemab Bnckground

Fmg. 6.1 shows e nep of the present Mumngoro, which hee e popubatmum of 80,000.

It is amtueted 200 km to the want of Der ee Seinen. Both the Cantral Rnubway

Line and the Tenzanmen Mighwey ere peeemng thruugh the tmwn. Thay are of great

mnpurmance tn the future gruwth end devebmpmenm of the tuwm.

The tuwnahmp aren conprmsas 6,400 he. The exmensmon of the present towm and

planned sitas—amd—services prujecms ere mmdmcatad om the nep /1/.

A dnacriptmom will be guven of the emvmrunmantel and sucmu—culturel comdmtiune

and of the status of the nxismmmg mnfraetructurn in Morogoro mm order to mllu—

strnte the beckgmmund for the snnimatimn nystema neiecmed and their phnead

davebupmemms.

Envurommantel Cundummona

Moruguro ma aituntad nt the fout of a noumtemo remge to the south, from whare

the tmwnship erna axmemde through the gently northarly aloping ground. The gnna—

mal diractium of naturel drainage is therefore south—nurth.
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The tuwmahip aren ma divmded unto fuva nam cetchnemt nreas:

— Cntchnant eren A to the north contemms et preaamt a low—uncone sattfanent.

This area drama towerdn the Ngaremgera Ruver.

— Catchmanm area B cmmprunea the nam part of the exiatmng town mmcluding

cmmnercmal, mnduatrmeb end pubLic eraan. Thia aren drama muwnrde the

Morogoru Rmver.

— Catchmamt eren C is largaiy des mgmatad for famming, end nu mowmdevalop—

mant teken plece here.

— Cntchnamt eraan D and E to the east compriae no tuwn devaiopmanta et the

present mime, bot will mm future have residentinb sattlamamtn.

From camchnent nrees A end D aawage cnn drain by grevmty through long trunk

eewems to the anne pummt as the trunk newer from cetchnent area B /1/.

Hard and ambud rock fornatmona fomm the bedruck onder the tuwm, which can ba

lucated at n malemmvely ahniiow depth (1—3 m). Cuneequentby the bedruck ma of

great mmpormanca to annitation systems, as any deep excevntmon will mncreesa

comsmructmon coat cunsmdemnbby.

The shalbow bedrock nleu meaubts in a high groondwamar tebla, whmch will inpamr

the proper fumcmium of um—amte dmspcsel systems (sonk—nweya) end increeae the

coat of sawer construction. To the north thara are swnapy eraan armmmd the

Muroguru Ruvar.

Groundwater ia nut usad for donestmc purposes. Groundweter pubbutmun from on—

sita disposal systems wmbb nut ba sarmuus untml it conas to have n datrmmemtel

effect om the ruvare.

Fig. 6.3 shows the nrens hevmng the worst ground condmtmums. As the ground—

water mebte varmes seasonelly, mndmcatmuna ere gmvem for the wat nensun /1/.

The chnmacmer of the suml vsrmes from greveb end send to smit and day. This

neans them puts wuli have to be ramnfurcad in pbaces whemn the subb ie un—

stabba, e.g. greveb with n small day content.
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Socio—culrural Conditione

At the prenemt time high population danaity arean (> 100 cap/ha) are eituated

in the eraan wimh bed ground condituume (fig. 6.3) and malfumctmoniog pit le—

trinee (fig. 6.6). Theee eraan cometutute typical ‘immediate—actioo’ eraan

for the nolution of nsmutariun pmoblemn.

Araaa ermund the axustung connarcial centre in area 21 will in future have

demeitias baiuw 100 cap/ha, wharean the rest of the mowo will daveiop towamdn

deneituen between 100 end 200 cap/he.

According to the aanitation project workad out by Cowiconault /1/ e population

projectmmm was egraad wmmh the Urbam Planning Divuamom of Mumogomo. A very high

gmowmh mate of 8.5% per annun was aduptad for the perimd 1979—1994 doe to the

plenmed expemamon of induarrmae. For the permod 1994—2009 a growth mate of 6%

per annum wee edopred. As the casa atudy mamnby deels wmth raaidamtmal emeae,

the total populerium in auch ereea has baan calculeted.

Tebla 6.1 Pmpuietion Prujacmimns.

Surveys comductad by the Amdhm Urben Planning Duvinion covermmg aavemal Tanzania

ruime /2/ show no average of 8 peopta per plot end 2 houaeholds pam plot. Still,

a shortaga of accumudetuuma ma to be expacted owmmg to the high mmflux of peuple

to Morogoru atmnuintad by the mmduetrunb progmennee. A fmgure of 9 people per

plot is therefore ndmptad, and the avemage of 2 houeehmids per plot in nemntamnad

From tabie 6.1 the number of plots un mesmdentual eraan dan be dermved by using

the figume of 9 meaidemts per plot.

YEAR GROWTHHATE TOTAL RESIDENTS RESIDENTS IN RESIDENTIAL AREAS

1978 74,115 70 747
8.5%

1979 80,415 76,760
8.5%

1984 120,916 116,221
8.5%

1989 181,816 176,076
8.5%

1994 273,390 262,774
6.0%

2009 655,195 648,430
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Tabla 6.2 Nunber of Plots in Reeudemtiab Amen.

Housahuld Imcmma Distrmbution

Information on huueehold mncome dietmmburmmm for Morogoro hen baan teken

from the raport: “Natiumeb Sutea end Servicee Project Phesa III, Morogoro”,

Jamuery 1979 /2/. Ar 1979 prucee the populnrmum hen baan entmmated to conform

to the huusehold mncone dmsrrubommum ahuwm in tabba 6.3.

Tnbbe 6.3 Househuld Innuma Duntributium.

Theae astinetes are baeed om housmng emd hounahold aurvaye made by Bureau

of Statiatica end om “Tanzania Baemc Ecunonuc Raport”, December 1977,

iseued by the World Bank.

The huunehold mncone for eech mncona group comemata of a fornal wege whmch me

imnreasad by 20% to incbude mnformel mncmna. The housahubd income is ralatad

to the nam wege earner mncome, assmmmng that for eech hounehold the nam wege

aarmer prmvidas the bulk of the housahold mncome axcapt for the hmghaet imcoma

level e.

The housahoid aurveys mmMorogoro shows that the batter the homaen are, the

more cunmmm in necumdnry mncmne from eublatting rooms.

PLANNING PERIOD YEAR RESIDENTIAL PLOTS

1978 7,861

Cb979 8,529

PUASE 1 j......19814 12,912

PHASE 2 f1989 19~64

PHASE 3 ~b994 29,197

~2OO9 72,048

PERCENTAGE HOUSEHOLDMONTHLYINCOME

OF

HOUSEMOLDS RANGE MTD. POINT

GROUP1 0 — 25% up to 540 Tnh 450 Teh

GROUP 11 26 — 50% 541 — 860 Tnh 660 Tnh

GROUP III 51 — 75% 861 — 1400 Tah 1120 Tah

GROUP IV 76 - 100% 1401 plus Teh 2100 Tsh



— 46 —

Houeehold imconan have b~enaseumed to remain coontamt, in real mama, over

the planning permod. This neana that inconee are expecrad to nee at the name

ratae as the imflerion. A casa could be made for innreanmng real mmcoma to

reflent matmomel GNF/cepite grmwth mate (+1.7 for Tanzamia), bot thin would

mequire tha annumptiom that thena mmnomeeare being anjoyed thmmughuut all

the menge of mmconea, end pamriculerly that the low income group in mecamvimg

its ahsre. There are far too little data to accept this ansunptmon, and ut in

felt that the safant poamtiom, eepacually for amelysen of ability to pny for

housing, ie one of comatenr real mncome.

Figuren 6.5, 12.4, 12.5 end 12.6 ehuw the dmntnmbutmon of the four mncone gruups

om raaidenmmel eraan. This dmstniburmom ma basad om the band usa mbnarvntmons

mede by Cuwucomsult /1/. The huusumg standard, which innbudas water suppby le-

vel end the bevel of senitatuom ayatemn, hen been the nam factor in damamnmming

the diatrmbmtmom for 1979. The future dmnmrmbutiun of mmcuma gruupa is bened

00 information on nitns end aamvices prujecta, whera availeble /1/ end /2/.

Hee lth

The curremt haalth nmtmatiun mm Mumoguro hee mecentby been surveyed by the

World Bemk /1/. Banmda outbmeeks of the typmcal excrete—rebated dmeeeeaa

myphuid end nhmbere, other dmsaaaee related to westewetar management ware

meporred, eunh as vmreb and becterual dmarrhoeel diseanas, mnmeatmnal worna

(Aennrma), shmatosmmmaems (urmnary) and nebemia.

According to evauleble records (1976—1978) 50% of the mut—petmant vmsuts ware

water end/mr axnmate rainted. Thun thema ie no dumbr that thema is e mand for

a fest solutiun to the sammtery probbens.

Culture

The sammtery eurveye cumdunred Juiy i979 by the Tanzeoman Mmmmstry of Lande,

Hmuaing and Umban Davebupmamt eetnblmshad the fact that water ma baung mand

for enab cbeansmmg by vmrtuebly averybudy /i/. This information was denmauve

fum prupmeung the pmur—fbush buwi mm nitarnative 2.

The survay also ahuwed that there in n atmung wmah to have eanmtatmmn facmli—

ties mnpmoved amd n willmngmasa to make a fumsmcmal cuntmubutuun to this pur—

poen.
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Cunditions of Exisrung Infmestructmme

At present thema is no eewnmege system mmMomogoro. The nejomity of the popu—

letmon usa pit bnmmmnes, whamaen the raam of the populetion aveib themnnbves

of septmc tank/aoekaway systems. Om—smradispoaal systems ene functionimg

wall in pbecas whema ground conditmona are favoumebbe (cf. fig. 6.3) and

constructions have been propemly done. Still noat of the pit letnmnea are

mabfuncmmmning as mndicatad mm fug. 6.6 owmng to bed ground nonditmons and

ineppmupniete con srructmone. This information is important whem consideming

the qunntity of axinting facmlmtias whmch have to ba remawed in en ‘mnnadiete—

ection’ semimery programma.

At present thema in a sysmem of empmyung floodad pure by vacuum trucks,

whmch meane that thema ie n nludga coblention eyntam whunh could be furtham

daveboped.

Public ruimte ere boceted et merkat plenas, bus stations end in similen

placea. In sevemal of these rombete thema ere pmoblene dun to inproper usa

end back of neimtenanna. Expenuenne cbearby shows that public toilate will

not ba the nobutmon to aanmtery probbema in maaidentiab eraan. The eaoitamy

survey deennibed by Cowinomsulm establiehed the fact that the lange majomity

of the populatiom would pmnfem using e neighboum’n fecilury mmeread of e

(clean) public toilet, im caae the pit of themr own wee floodad.

The exiatung waren aupply syatnm of Morogomo denives water from the Morogoro

Rmver mpammeen the town. Moet of the present towm in being neeched by the

weten nainn. Water euppby aurhonmty mecorde /1/ ehow that the service bevel

in Morogoro is es fobbowa:

— Huuse conmectioms 20% of the popuberion.

— Plot conmncrmone 40% of the populariom.

— Cummuneb atendpipee 40% of the populerion.

At pnenent the capanuty of the dintmubutmon eyaten is imedequata, and it ie

pmopoead to conntruct new name and water imtaken.
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Residential Buibding Standard

According to a eurvay conductad in 1974, /1/, 37% of the houean wena of

goud dumabbe nonstnuctiom, 24% of ware faim, and 39% ware of poon standard

and built of temporenyneteniels.

Mamynew houeae have baan buult, but the nunban of equattem housee hea also

incnaased, so the above pnoponmiona ene probably quite nepmeeenmativn.

bnvestmenms in Sanitary Systems

The imcome pnmpormuome pmoposed mm chapter 3 ‘ABILITY TO PAY FOR SANITATION

AND INVESTNENT SIZE’ and the information givam unden ‘Huuaahuld Incoma

Dietmibumimo’ and ‘Land Occupency’ for Morogoro ene uaed to denuva the

annually affomdable mnatablnenme for aemutetmon per plot for anch incona

gnoup.

Gnoup 1: 2% of 450 x 2 x 12 216 Tnh/year/pbor

Group II: 2% of 66D x 2 x b2 — 3i7 Tnh/yaar/pbot

Group III: 3% of 1120 x 2 x 12 = 806 Tah/yeer/pbot

Group Iv: 4% of 2100 x 2 x 12 = 2016 Tah/year/pbot

Table 6.4 Annually Affomdabbe Imarelnanma.

Thun the evanage anmuelly affondabbe mmstalmeot is Teh 839/plot.

In the casa of Morogono it me aeamnad that eanitation imstablnemme are to

be collectad thmough the mumicipalury max synten. This coat recoveny nystam

offans the opportuniry

— to coblent fnon paople not beung connenmed om pnovided fon, but bane—

fitrimg from the general emvinonmantal improvenamt

— to nollect from peopla disreganding which rype of aanmtatmum eyetem

ie pnovided

— to colbact from peopla bafona they are antually conmected

— to nnoen—eubeidize bamweem the imcone groupe

— to induca ‘wilbingneee’ to pey if nanitariom nystens ene lngalby required.

Tnvaemnerir Siza

The maximum annually affondabla inerallnent for aach pheee ie calculatad in

the folbowimg table ueing the information from tablee 6.2, 6.3 and 6.4.
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Table 6.5 Maximum Annual Imstalnemtn.

We fund ut very uprimmetic that mm shoubd ba posnible to noblent the extra

mx fron people night from the stemt of a semmtntmum programma. To take this

mmmeccuunt we asnume that omby 50% nam ba cobbacted in phase 1, but after

1984 evarybody will pay thun extra tex. Thus the anmually aveibabbe imntabb—

menta will be~

1984: 10.83 : 2 = Tsh 5.42 mill.

1989: Tsh 16.41 nul.

2009: Teh 60.43 nul.

The annuaiiy nvambeble mmsteblments for phane 2 in the duffamenne batween

the annuebby avaulabbe mmsmabbnemts in 1989 and the ennuelby aveibable

mnstallnamtn mned mm phena 1.

Ar the and of phase 3 the first 20—year penmmd will have expirad for thmee

snttlmng befomn 1989, and the mnvastnemts made mm phanas 1 end 2 will ba

INCOME NO. OF NO. OF PLOTS ANNIJAL ANNIJAL
GROUP CAPTTA INSTALLMENT INSTALLMENT

HILL. Tsh

1 29,055 3,228 216 0.70

PHASE 1 II 29,055 3,228 317 1.02

1979—1984 III 29,055 3,228 806 2.60

IV 29,056 3,228 2,016 6.51

TOTAL 166,271 12,912 10.83

1 44,019 4,891 216 1.06

PHASE 2 II 44.019 4,891 317 1.55

1984—1989 III 44,019 4,891 806 3.94

IV 44,019 4,891 2,016 9.86

TOTAL 176,076 19,564 16.41

T 162,108 18,012 216 3.89

PHASE 3 II 162,107 18,012 317 5.71

1989—2009 III 162,108 18,012 806 14.52

Iv 162,107 18,012 2,016 36.31

TOTAL 648,430 72,048 60.43
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paid back. Thun the people having eamtled befone 1989 nam conmnmbute to invent—

memta in phena 3.

Thun the anmually eveileble mmnreblmant for eech phane ma es follmws:

Phaaa 1: Tsh 5.42 nubi/year

Phesa 2: 16.41 — 5.42 = Tsh 10.99 mmbl/yaar

Phsne 3: Tsh 60.43 mill/year.

The cepmteb mmveatnent for nny phnsn in a guvam namitetion ebtamnetuve is

denmved by deductmng the eomual upematmum end mamntenance coat for the phasa

fnmn the enmuebly evemlable mmataibnent and nmmmrize this er 10% oven 20

yeens. Animntmzatmmn er 10% was macunnemdad in the ‘National Smtas and San—

vmnes Project, Munugoro /2/. A penmud of 20 yaemn may neen to be a long panmod

for pit letnunas havmng a bmfermma of 5—10 yeann. In the casa cumsidened ut

is, however, asnumad thar put ietmmnes are uned over n loogar pammud uwuog

to an mrgamiznd system of enprymng the puts.



FIG 61
MOROGORO TOWN 1979
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FIG 63
PRESENT GROUND COND1TIONS

LEGEND

1 1

WET SEP~3NGROUND WATER TABLE LESS
THAN 0,5M B~OW GROUND LEVEL

~YK LESS THAN lOM BELOW GROUND
LEVEL

ROCK LESS THAN iBM BELOW GROUND
LEVEL

WET SEA~N GROUND WATER MORE THAN CSM
BELOW GROUND LEVEL AND ROCK M~E
THAN l,SM BELOW GROUND LEVEL
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FIG 64
POPULATION DENSITIES 1979
(RESIDENTIAL AREAS ONLY)

LEGEND:

POP DENS 50 CAP/I-IA

SOCAP/HA ~ POP DENS ~1O0CAJ~’HA

POP DEÎ~S>100CAP/HA

ALL OTHER SIGNS IND~CA7E
INDUSTRIAL, COMMEROAL AND
PUBLIC AREAS
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FIG. 65
INCOME DISTRIBUTION 1979

LEGEND.

______ INCOME GROUP1

______ INCOME GROUP ~

1: INCOME GROUP ~
01)0

______ INCOME GROUP ]~

ALL OTHER SIGNS INDICATE
INDUSTRIAL, COMMERCIAL AND
PUBLIC AREAS
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FIG 6.6
CONDITION OF EXISTING FACILITIES
(100% ONSITE DISPOSAL SYSTEMS)

TOWN BOUNDRY

LEGEND

1 1

POOR CONSTRUCTEO AND
MALFUNCTIONING PIT LATRINES

UNSATISFACTORI LY FUNCTIONING
PIT LATRINES

SEPTIC TANKS AND SOME PIT LATRINES
NOT WELL FUNCTIONtNG

SEPTIC TANKS AND PIT LAWINES
WELL FUNCTIONING
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FIG 67
EXISTING WATER DISTRI BUTION SYSTEM

LEG END
WATER SUPPLY
MAIN PIPES
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7. ALTERNATIVE 1

Sewenega Systen

The procedure moerby edopred wham solving saniretion pnoblame for unban anaas

in the developimg world ie to imtmuduca the eewenaga eyatem. Genenally towm

camtnas with commamcuel ereas are the first part eewered; gnaduably ranidan—

tial, public end induatnial eraan ene conmacted to the systen. Thie inpliee

that the trunk synren munt be cemafully deeigmad to albow for the acconoda—

non of poeeibla (plenmad) future connentmons. This meame that invastmant

per plot will ba rabativaly high in the finet phase of the constructuon pa—

nmod, after whmch the mmvaetnamr will decmease es mama end more pbote come

to shame the bunden of the trunk eysten.

The aewege mnaetmant sysrem bas, however, en advemna effect om this. As long

as the populetiom is bebow a.g. half e nillimo, the etabilizatuon pond eyaren

provudea e nafe and cheep rmeemnent pmmcedume er a meanunebly aized anne.

Whan the populatiom incnaanee towerde one million, howevar, land nequirenent

becumee axcesniva and the mand anisee ro apply more advanced (manhanical)

methods, mesulting in a nonaidenable imcneaee of the coat mncunnad by the

tmeatnent aystam.

In this eltermetuve all invaetmente ene cuncentretad om a aewerege nystan.

Yen axieting end future priveraly nonstructad on—site dinpoeal systemn em

aeauned to be neinrained (anpnied) by the public eamitatiom naimtememca

orgenizatiom. Thue evenybody is benefittung to some axtanr in thia eenitation

alremnative, even though meny ene out pnovided wmth a saweraga commectuon.

The newanaga nystena folbow the almgnmenre and dimemeions en set out in the

pmnbmnmmrey design naponr by Cowicunault /1/. This neponm also forma the ba—

em of the nonnention maten and noem aatimates applied.

The cantrab part of the mown mncbuding the comnenciel cenmre ie eewered first.

Fig. 6.2 indinetea the five catchnamt eraan of the town. Omby by pompung nam

these annae ba connacted to the name trunk syatan. The present popularion dam—

emmy, buuldung standard (houna—connented water) and locatmom of nonnanniel and

umduetrual eraan cleanly justify no mnitial comstnuntiom of the snwerage nynten

in cerchnamt area B. Duning pheee 2 rhia cantnel eewenage ayetem is expanded
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as the popubetmon mmcnaases and more fumda benune evaibable. Phaae 3

mncludea the nunetruccion of snwerage syntama in cetcbmant amen A, D end E.

In Cheptam 6 mm me memtiomed that 20% of the householda have water commected

and that 40% have a plot stendpipe. Thus water—burma eewege nam not be ruled

ineppnopnmate considenimg the service bevel of weten supply.

Coat Eatmnetee

The nost estumates mmcluda: sewage trearmant, trunk amd mammnysren, batamals

and plot cunnactmona, bot nur the huuna mnetelbatmon. A plot nummectmmn ma

essumad to coat Tab 3,500 pen plot. With the addurimm of 20% contumgencmen

the cuet will be Tsh 4,200. Other mama used for the pmepenarmom of the coen

nstmnetee ene showm in the eppendmxE deannibing the benkground for the

nabected namen.

Phese 1: 1979 — 1984

As daecnubad annbmen netnhment area B mncludmng the cuimeancmeb centra of the

existmng town, ma aawarad first. In addmrmun to the nunnectiom of high—denemry

renmdantmab emeaa, imduamniab end public eraan are axpentad to ba cumnentad.

The induetmial area cunprises a sleughten hmusa, en mii nul, a tennary and

a textmla nul, all of whmnh would maad a aawanaga nunnantmun to prutent

the emvmnonmemt. In tha public emeee, schouba and a husputel ene expanted to

be nummactad. Eetunates of duanhengas from nesidamtiab, connarcieb, public end

imdustnual eraan as cabculamed mm the pnelimimery design neport by Cmwmcumsult/1/

show that duschamga from the rasidaomiai aneen ecnuunt for 70%. To attamn the

coat estimetae for the meamdemtual aneaa, 70% of the coat for aewega tneetmnnt,

mnunk aawer and main eawar will therefore have to ba attnmbuted to the resi—

damtuab ameas. Sludga coblecrad frun saptmc tanks amd wat puta is duapused of

mm the sewage rmeamnanr pomde.

Opamatmun and Hamnremance:

Ir ma antmmetad that two vacuum trucks will ba requmred durung the first phane

to ampry existing and new pnivately cunstructed puta and tanks. One of the

vacuum trucks is a combined vacuum truck and jet cleaner, en this ellows for

the vebmcle to be applmed for mammtenemce of the new sewerega sysrem as wall.
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One behoor team runs tliu snwnge treutmen t ponds, and mlie sower i-1 eau ing is

run by emothen team.

Total oparntmum and nuimtemamce cust:

Inves raamt.

Tsh 95O,000/yean.

Avaulabie im 1984: Tsh 5.42 mill/yeer.

Inveamnemr size for phasa 1: (5.42 - 0.95) x 8.5l36’~ = Tsh 38.0 miii.

Tabla 7.1 shows the nunber of plura nnnnented in nach area,

shows the sysram tn bn be cunstrucred in phasn 1.

The mnvnsrmemr ma mrulized as fulbows:

Sewege tmnatment punds end trunk sewers

Nam sawers

Laterais

Plot cumnactuums

Investaant phasn 1

Phase 2: 1984 — 1989.

and fig. 7.2

Tsh 9.6 mmii.

feb 7.6 miii.

Tsh 11.1 mili.

Tsh 9.7 ruIl.

Tsh 38 0 mili.

In this phasn the cantmel sewenage sysmam is expamded 50 as to mnnlude new

mesudential and undustnmai emnes Wirhun the exustung ameas more plot non—

nentmons are cunsmrunted, end more schuuls, hotels and other public and

nummancuab pmemuses ere connented. As mn phese 1, the mesidential ameas

ancuunr for 70% of the mnvesrmenms in sewagn tnaetment, rrunk and main sawers.

Openaruun and Memntananne~

Appnoxmmarely 9,000 puts mm tanks are essumad to ba nmprmed by 4 vacuum trucks,

of whunh oma is a combined vacuum truck/jet dennen. Two iebuur teams mum the

snwnge tmnatment ponds, end threa lebour teams run the sewam nbeanmng.

Torab mpemeruon and maunmanance noem: Tsh l,770,000/year.

x) Anuntuzung fectum er 10% over 20 ynams
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loven tnnnt:

Aveubabbe in 1989: Tsh 10.99 mmll/yean.

The mnnnesse in upemarmom end iseuntenance coat ma:

1.77 — 0.95 = Tsh 0.82 mmll/yner.

Invesrmemt amze for phase 2~ (10.99 — 0.82) x 8.5136 = Tab 86.6 mill.

Inbie 7.1 shows the number of pluts coostrucred in eanh amen, end fig. 7.3

shows the sewenage sysrem er rhe and of phnsa 2.

The mnvestmenr is urmluzed as fuliowe:

Sewaga rmeemnenr end trunk sewers

Hein sewems

La mena 1 s

Plot cunnectiuna

Invesrmenr phasn 2

Phasa 3: 1989 — 2009

Tsh 14.0 mmli.

Tsh 9.6 miii.

Tsh 33.5 nul.

Tnh 29.5 mull.

Tsh 86.6 mmlb.

The centmal aawarege systers ma fumrhem expnndad, and more pbors are connanred.

Reamdeormal eraan accouot for 70% of the rrunk saven mnvesrment. To the waar a

sewamage sysram ma noostnuctod in cerchment eren A (sea fig. 6.2), and umly

mesidenrusl emeas are connecred to this sysrem. To the eest e sewemage syarem

ma conamructed in camchmeor area D, and camchneot erna E me connecred to this

thruugh e pump station. All rhmae sewerage systems drain to s newege rmearment

plent cunamructad as en oxuderion dutch. Sludge collecred from war pim and

sepruc tenka ma dusposed of in the now disused sawage tmeamnent ponds.

Openatuun and Meunrenence.

Ir ma assunad that spproxmmarely 32,000 plots will be semved by 14 vecuum

trucks. Poon laboun teams run the oxudsrion dmrch pleor, and night baboun

teams mum the sewer cbeanmng.

Total upemaruon end maunteneoce cosr Tsh 5,740,000/yesm.
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Imvantmamt:

Avsulabla: Tsh 60.43 mmll/yenn.

Imvestnant amze fun phasa 3:

(60.43 — 5.74) x 8.5136

Imvastmanrs in cantral sewerege eystem:

Tnumk sewars

Hein sawers

Latemals

Plot conmectmons

Total mnvestmnnts mm cammmnb sewer systen

Inveetment mm westamn sewerega syntem:

= Tsh 465.6 mmli.

Teh 3.2 mull.

Tah 9.1 mill.

Tsh 20.9 mill.

Teb 18.4 mibb.

Tsh 51.6 nmll.

Anauna 60% nommacrmons in exmatung settbemenr eraan end 20% commectmoms mm

new devabopnent emees, givumg a total of 10,400 pbute conmacted. The tnumk

and memo sewer nysrem ma denigoed for 150.000 peopbe.

Trumk sewers

Hein naware

Laterals

Plot commectiums

Total imvaatmnnts mmwesmern newemege synren

loven tmemts in een term sawenage nyatem:

Tsh 37.4 mijl.

Tab 28.1 nul.

Tsh 49.8 mmbb.

Teh 43.7 nul.

Tah 159.0 nill.

Assume 55% nonnectuums in axinting setrlement aneas and 10% conmecrioms in

may bow—damauty developnant eraan, gmvmmg a total of 9,500 plots cunnactad.

The rnumk end memo sewer nysten me deaigned for 150,000 peupla.

Tnumk aawars end punping station

Hein eewens

Lntamaln

Plot cunmectiune

Teh 37.2 nul.

Tsh 27.9 mmli.

Teh 45.2 nill.

Teb 39.7 mill.

Teh 150.0 mmll.Total umvacmnentamm aantern newenngenysten
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Investnent mm sawage traetment, oxidetium dirch:

According to tebbe 7.1 spproxmmetely 300,000 people are conmected to the

eewemege eyarema dusnherging ro the uxideriun dirch. Induarmies, anhooba,

hospurebe, hotels, nrc. are also dmanhangmng to thun oxidatmom dirch. Coat

aatunetes for the oxidetmon dutch ere expresned in Feb per p.a., thougb,

end the inveetmenre in the uxidarium ditch for the nasidentiel area in,

et Tah 350/p.e.

Oxmderiom dutch

Total umvasrmnnms, phane 3:

Feb 105 mili.

Cantreb aawenagn system

Western sawerega system

Eenterm eewerege aystem

Sawega rreermenr, oxidarmon ditch

Imveermenre, phaae 3

Feb 51.6 mill.

Teb 159.0 nul.

Tnh 150.0 null.

Feb 105.0 mill.

Teb 465.6 nul.

Memo Advantagne and Dieedvamragee

Goud control of affluant fron induernien, hoapmtale and high—deneity reeudem—

nmb eraan. On—eite diaponel of mndoatniab mmd hoapital affluanr would be al—

mont impoeeible, and a ayaten of vaolts and vacuum trucks would ba maquirad

to remova rhe affluenr. This would, howeven, aeniously hampam the davebopmenr

of tha induetnman, as thema would ba e pnantical linit to the anount of waere—

weten whuch could be dinpoead of.

Any om—sime diepusal om hamdlumg of huepital affluenr would pune n earioue

health mink whareae diepoeal in a eeweraga eyntan pmovidas e eefe control.

Plots with house—connacted warar in high—deneity ameas cmii ba connected to

the sewenage nyntem and duechemge n lange pmoportion of weren (> 150 1/nap/day).
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After rha umutmab 5 ynsmn onby 18% of the pbure will ba cunmantad to the

sewarega sysran, end after 30 yaams the pemnenrege is luwem than 50. All

the uncunnected huusehuldn will have mm cmlve rheim wantewemen dusposnb

pmmbbens rhemeelves.

Low—mmcone anees, espaciably tu the want, haviog malfunctuuming axusrung

fanulitmee and bed ground cunditions, are cunsidemed only by the pnuvmsmun

of vacuum trucks dunung the two early phanes. Very bad namitsruom nunduruune

end e great heeith risk (nhubene, ryphoid, nrc.) will continue to be a

pmeduninamt faeture mm these eraan.

The develupnent of the eewerege systsm implias the nenessury of a sinubar

devebopmentof the water supply nysten. 1f the watam comeunpruun is tuu

10w, the waetawaten fluw will be unsuffucuant to tremsporm excnera and

other eolids, nasulming unevutebly in bbockeges uf the eewems.

The mnvestmenrsper cummactedplot are:

Pheea 1: Feb 16,450

Pbase 2: Feb b3,350

Phaee 3: Feb 17,580.

These figuren are all withun the motel cunstruction coat pen huueehubd of

$600 — $4000 which the Wonld Bank fuund in srudying cunventuunel sewerage

syeteme in night cities /8/. 1f the huusehubds wema suppused to pey for

rhamselvea whem nomoented, umly incoaa group IV could affomd a connectuun.

When all are peying as pmoposad hema, thare is e cmosn—eubnudizarion dunung

the early two phesne from uncome group T and IV to innome group II and III.

In phaae 3 rhere in a general croes—nubsuduzation from mon—benafirrame r

bamefurtern. This could nmeete pulirmcal pnoblame.

The ponnibiliry existe that tha housing standard in incone group 1 done nut

junrify the provisiom of a nieramm—flushed toilet and a eewaraga conmecnion,

even though innome group 1 eraan are not nonnantad umtil phaea 3.

The planning, deeigm and consrnuctiom of a eewerage schema mnplicetea for a

devaboping country naramials mmd ekulled nampower to be denuvad from oumsuda

countrien, which maana expenditune of fomeign exnhanga.
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The pnotenruon of the sewems agemnst sulphunin ecud numrosmon is a special

probiem for umben emees mmbom clummres, whmch nam umcneese rhe coat of the

pmpea conamderably.

Fables end Figuren

‘lable 7.1 shows for asch phase the oumban of plots connacted to e snwanege

syaten mm e neamdentjeb area. The rsbbes also show the total numbers of plots

connecred for aach phase in melermun to rhe overall total nunben of pbuta.

Fabla 7.2 shows the pemcantege nunnactad in aach pbeae for eech of the four

unnume gmoupa end unduceres the cunreepundimg mnvasrment.

The meeubre from rabbe 7.2 are ulluatrared in fugume 7.1 ahuwung umvaatmemts

mm Fsh per pbur.

Figuren 7.2, 7.3 end 7.4 ublustrate the abignnanr of the anwenegaaystan mm

each pheee and the connentiun mate for eenh enen.
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Fabia 7.1: RESIDEMFIAL AREAS COHNECFEDTO SEWERAGESYSFEM

Area Hunben 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Imcune Group IV III III III III III IV 1 11,111 II 1,11 II III II III IV IV

loven rmamr
Pemmod

Phaae 1

1979—1984 Plots 400 500 180 110 0 470 0 0 250 400
cunnanrad
Total Plots 871 689 211 227 356 856 1062 1537 294 784 1851 1202 20 578 220 238 307

%commecred 46 73 85 48 0 55 0 0 85 51 0 0 0 0 0 0 0

Phssa 2
1984—1989 Plots 471 189 31 117 356 386 44 384 1000 800 20 420 140 100

nonnented
Fotel Plots 871 689 211 227 356 856 1151 1537 294 784 1851 1202 20 578 220 238 307

0,
0’

%numnecrnd 54 27 15 52 100 45 0 0 15 49 54 67100 73 64 42 0

Total % nunnentad 100 100 100 100 100 100 0 0 100 100 54 67 100 73 64 42 0

Phaee 3

1979—2009 Pbura 691 922 400 200 389 20 40
nonnen rad
Futal plots 871 689 211 227 356 856 1151 1537 294 784 2380 1546 20 809 220 238 307

%cunnectad 0 0 0 0 0 0 60 60 0 0 17 13 0 48 9 17 0

Total % nonmanred 100 100 100 100 100 100 60 60 100 100 59 65 100 100 73 59 0
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Table 7.1 continued: RESIDENTIAL AREAS CONNECTEDTO SEWERAGESYSTEN

Area Number 18 19 20 48 49 50 52 53 55 57 60 61 Future Unnumbered Resi— Total
dential Areas connected

Income Group IV III IV III 1 1,11 11,111 IV II II II III 1 II III 1V

Investment
Period

Phase 1

1979—1984 Plots 2310
connected
Total Plots 131 54 409 673 342 12912

E connected 0 0 0 0 0 18

Phase 2

1984—1989 Plots 966 600 3.000 7024
connected
Total Plots 131 77 409 1046 1811 2327 655 1716 19564

1 connected 0 0 0 92 0 0 92 58 36

Total 1 corinected 0 0 0 92 0 0 92 58 48

Phase 3

1989—2009 Plots 300 1397 3355 27 1402 2266 200 3317 2205 1800 1800 1800 1707 24738
connected
Total Plots 131 77 409 1345 2328 5592 627 2402 2832 227 6031 4009 8556 3403 9102 12481 72048

1 connected 0 0 0 22 60 60 4 58 88 80 55 55 21 53 20 14 34

Total 1 connected 0 0 0 94 60 60 100 100 80 88 55 55 21 53 20 14 47
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Fabbe 7.2: DISFRIBUFION OF INVESTMEMFS

Incuna Group 1 II III IV

lnvantmnnr % Cum— Imvear— % Con— Imvest— % Con- Imvest— % Cum— Imvent-
Pemmud nacrad memt nected mamt necrad nant nected memm

of Fureb of Total of Total of Total Futeb Total
Plots Pluta Plots Plots Cunmanrad Inveetment

Hill. Feb Hill. Fnh Mili. Fab MilI. Fsh Mill. Fnh

1919—1984 0% 0 5.1% 10.7 9.8% 20.7 3.1% 6.6 18% 38

1984—1989 0% 0 13.3% 32.1 14.6% 35.2 8.1% 19.3 36% 86.6

Accunu—
leted 0% 0 15.4% 42.8 22.3% 55.9 10.1% 25.9 48% 124.6
Fotela

Phase 3 10.4% 144.1 11.9% 164.9 6.0% 83.2 5.3% 73.4 34% 465.6
1989—2009 —

Accunu—
betad 10.4% 144.1 15% 207.7 13.3% 139.1 8.0% 99.3 47% 590.2
Futale
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FIG. 71
ALTERNATIVE 1, SEWERAGE SYSTEMS

PHASE 1, 1979-1984
INC~~EGR~~JP

15000

10~

5000

TOTAL
CONNECTED 18%

PHASE 3, 1989 - 2009

25% 50% 75°/s 100°/o
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FIG. 72
ALTERNATIVE 1, SEWERAGE SYSTEM
PHASE 1, 1979 - 1984

TREATMENT

LEGEND:

_____ 0 - 50% CONNECTED

______ 50— 75% CONN~TED

75-100%CONNECTED

TRUNK Aî’l) MAIN SEWERS

ALL OTHER SJG~ IND~CATE
IND(STRIAL. COMME~AL AND
PUBLIC AREAS
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FIG. 73
ALTERNATIVE 1, SEWERAGE SYSTEM
PRASE 2, 1984-1989

PONDS
TREATMENT

LEGEND:

______ 0 - 50% CONNECTED

______ 50— ~ CONNECTED

75-100~’OCONNECTED

TRUNI< AM) MAJN SEWERS

ALL OTHER SIGr~JS INDICATE
IND~TRIAL,CQMME~J,AL AND
PUBLIC AREP~S
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FIG 74
ALTERNATIVE1. SEWERAGE SYSTEM
PHASE 3, 1989-2009

LEGEND:

_____ 0 - 50% CONNECTED

_____ 50— 75% CONN~FED

_____ 75-1O~»o CONNECTED

TRUNK AND MAIN SEWERS

ALL OTHER SIGNS INDICAFE
INDUSFRIAL, COMME~IALAND

PUBLIC AREAS
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8. ALFERNAFIVE 2

On—Sute Dusposel Systems

In this sbtemnstuva all pluts are pruvmded wmth the bast asourstuun systems

pussubla uf all plots ene to shsre sysrama to the asna samitatmon standard.

Ounung the fmrsr phsse unly plots hevung systems whmch do nut fumctmun very

well, and new plots are provuded wmth new semursny systems. Oumung pbase 2

systems cunstrucrad befuma 1979 ene repbeced by new systems axcepr fon well—

fumcriunumg aaprmc tank sysmams. By the end of phese 3 all plots mncludmmg

newby esteblmshad plots straun the hmghesr service level pussmble considermmg

the proposed mnvestmenr suzes.

Senmreruun Systems

For eraan in whuch vumrually everybudy usas weten for smal cleensung, the puur—

flush systems nonstmrure e very eppropmuera semutatuun technubugy. The puur—

flush bowl provides s water seel pravenring the davalopnent of uduur and the

braadung of mosects. Ir ma important that the tmedmtiun of usmng water for

snel cbeeusmng pme~zeuls beneuse the usa of commnubs, stucks, newspapers nrc.

will masult in the weten snel nut beiog fluahed; the saab wmll be bbuckad, and

the senmtetuon system wmll be of no eveub. The senirarmun sumvey comducrad mm

July 1979 by the FenzenuemHmnustmy of Lends, Huusing and Unben Devebupnent /1/

fuund that water was usnd for snel claansung by vmmruslby evenybudy, consequent—

ly, poun—flush systems are mechomnally appnoprusta for Humogoru.

The poor—flush bowi om water snel unut me shown helow.
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In this ebtemneriva 6 dmfferaot types of puur—flunh systems ere propueed:

TYPE A

This is s murmsl venrulerad pit letnune with s pour—flushed boei bonered

in the squsttmng plate. Appruximately two lutree of waren ie ueed for

fluehmmg a atool. 3 vusits per day per usen and 9 users per latnime

yiald s waren discherge intu the pit of 54 litras per day; 54 lutres

nam eseuly eusk swsy in the pit unden maesunsble ground cumdiruums.

This type cao 6e upgradad to TYPE B as long ee the put is mm a goud

comdirmon amd nut fulled up. 1f rba put ie fullad, mm could 6e enpried

me perr of e~u~grsding to TYPE B.

Ventilnted pit Intruna, usad whare:
- rock deeper thnn 2,5m
- ground water daeper thnn 2,Om
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TYPE B

OH—net pit Intrune , uned where
- rock deeper than 2,Sm
- ground water daeper than 2,Om

The squarrmng piste with flunh—buwl ma not lonared om rop of the pit, but

in e small buildimg next to the novered pit or bonarad umeida the house.

A pipa nonnacrs the squatting plata end rhe pit.

The off—eat pit lernine csm be upgraded by cunvanting the axiering pit ro

a naptic tenk FYPE E mmd cunerructing a draimfield. The anoumt of work to

he done om the pir dependsom ground comditioms and the cumdiriun of rhe

put ernuctura.

Conmantiun to m sewarmgaeysrem is ponsibla by instelling n nietanm flushing

eynrem and matunaily bypsssimg the pir.
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TYPE C

EIev. vent. improved pit latruna, uned whara:
- rock 1-2m below nurtnce
- ground water 1,5-2,5m below surface

Whene ground cunditiuns are less fevounsble, en eleveted venriletad unproved

put letmina is ueed. The pit is lined wirh bnicks which ene naodened st the

top, but open er the bottom to elbow suskege.

Fhe elaveted pit csn be used when upgrsdmng to TYPE B or even TYPE E. This,

huweven, will depend om the elavariun of the new huusa in whunb the squsrtimg

piste ma to mmstebbed, es gnavity fbow nusr be emeured.
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TYPE D

Fhis type nesembbes the equs pnivy, but uneteed of s tuba lesdung mnto the

concrete tank a puur—flush buwl me iucetad in the squsrrmng pbsre. In this

type the weten saai is much harten nenuned theo in en equa pruvy in whinh

e tank beskmge would breek the weten saab end nesulr in nslfuncrion

Fhis type is used in ereas wurh extramely bad ground nonditmuns. Surplus

weren from the tank me bed to en unfubrnstmun dreun end mntnuduced done

to the ground surfsne.

TYPE D equa privy csm be upgneded to TYPE E septun remk 1f the buulding

conremming the new squettmng plare ma ebevsted 50 es to make gravmty fluw

possuble.

Aqua privy, usad whara
- rock c 1,5rn beluw surfnce
- ground water 0,3-im balow euriese
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TYPE E

DRAINFIELD SEPTIC TANK
max 70 1/tap/day

This ie um fsnt e smeil sepric tank wuth m drain—fuaid.denigmad for a water

dienharge nut excadimg 70 1/nep/day. The toilet in eithar hand or nietarm

fluahad and lonered inaida the huuna. The septic tank iteelf is a diameter

1.5 n precmer comnnera ring om en im—aitu nest comnnere bottun. The dnaun—fial»

is dasigmed for the distnibutuun of a maximum of 1 n
3 pen day.

Upgrmding fron TYPE E ru FYPE F imvolvee the nonntrucriom of mm extra siniler—

sized tank on a complete new om-sute cent tamk. Furthan the drainfield munt 6e

exremdad.

The naptic tank end dnsunfmabd is bypsenad when nunnecting to m aewersga

nyarem axcapr for denen in wbinb the plot connantion in leid er nuch a

flat gnede that It in denirebla to kaap the naptun tank for the reremtion

of solide.

HOUSE
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TYPE F

DRAINFIELD SEPTIC TANK
1501/tap/day

Thus is a stemdend saprin renk wirh drsin—f leid. The wbola umir in daeignad

for the trestnemt of 150 1/nep/day. Fhe tank is cometrucrad from im—situ

concrete. This type elbuws the nonnantuum of oma or more nistarm—flunhad

toilats iocetad imside rha houne.

Connantiom to e eewerega sysren dan be mada es daecnibed undem TYPE E. This

eeptin tank ie veny expemaiva. Onlese the tank in unaful for the naranruum

of solide befuna e newar nunnectuon er a flat gnmdiemr, rhare will ba a great

loss in imvestnants when bypassimg the saptin renk mmd dmeinfieid e few yaemn

after nonstrunrion.

HOUSE
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Coet Eetimatee

The duet anrimatee for the nux nenitatiom systems have beem derived from

the Prelimineny Design Repurt /1/ for Hurogoru (nee Appamdix E). The pour

fiunh buwi ie eetimatad er Feb 500. It us mede of gelvemized steel, vitri

fiad niny om concrete. For contingencuen 20% hee baan eddad. The asrmmeren

do not inniuda houne umnrellmtiun ur nuperetnunturen. Naithar ie amy up—

gradimg from oma type to mnorher imcluded.

TYPE A: 2000 x 1.2 Fsh 2,400

TYPE B: 3000 x 1.2 = Feb 3,600

TYPE C: 4500 x 1.2 = Fsh 5,400

TYPE D: 5000 x 1.2 = Fnh 6,000

TYPE E: 5800 x 1.2 = Fsh 7,000

TYPE P: 12000 x 1.2 Feb 14,400.

Phaeung of the On—nire Dinponel Systems

Phane 1: 1979 — 1984

90% of neptuc tank nyntemn in unnume group IV eraan are well—fuontioning.

The neneuming 10% plus all new plots in nume of the imcuma IV group steen

hsve type F nonnmmucted.

Areen wmth bed senutarmom cundutuuna (ene fig. 6.6) end bed gnuund condu—

tiunn (sea fig. 6.3) have faculuries TYPE A, B, 0 ur D cunntnucted for all

pburn.

In eraan wuth goud asnurstuum cunduruuns, guud ground nondurmons emd nut

belomgumg to the imcome group 1 snee, 60—80% of exuntung facibities are

maunteinad. Type A ur B me pruvided.

In luw—uncume smees (incume gnuup 1 end II) and hugh—deneiry smese 80% of

the pbute me pnovuded with new faciluries TYPE A, B, 0 on 0. Suna put

iarninae will still 6e useful, end soma of the new feculitmes ere shenad

by two plots.

Collecred aludge in dinponed of in sneerobuc pumde.
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Opanaruun end Hsimrensmce:

Dunung the imitmel five yeann exisrung wet pim and naptmn tanks are ru ba

amprued tugather wurh rhe sddutuumsbby nunntnuctad puts (TYPE 0, 0 mmd E).

Two vacuum trucks are mequired ro serve 4,500 plots mmd ome labuur team ru

run the sneamobuc punds.

Total opensruum smd nsumtansnna

Imveetmemt:

Fsb 900,000/yesr

The smount svsmlabla 1984 is Feb 5.42 mill/yesr.

Investeent size for phase i:

(5.42 — 0.90) x 8.5136 = Fsh 38.5 mull.

Fable 8.1 gmves the dmsrrmburmon of esch number of types provuded shuwn

in fmg. 8.2. The unvesrmenr ma utmlmzed ee folbows:

Phsse 2: 1984 — 1989

5% af the sepruc menks cunsmnunred bafune 1979 ene repisced, mm some innume

group IV amaas new plots are provuded wmth TYPE F septuc tanks.

All other new plots are pmovuded wmth TYPE E septun tanks.

All plots wurh facmlmrues nunstrunmed befume 1979 ere pnuvmded wmrh TYPE E

sepruc tanks (excnpr fun ameas wurh TYPE F eeptuc tanks).

TYPE A: 2400 x 4424 = Fsh 10.6 mull.

TYPE 8: 3600 x 992 = Fsh 3.6 mull.

TYPE 0: 5400 x 386 = Fah 2.1 mull.

TYPE 0: 6000 x 1722 = Fab 10.3 mull.

TYPE F: 14400 x 810 = Fsh 11.7 null.

Fsh 38.3 nul.

Ansemubmc ponds: Fsh 0.2 mill.

Invesrnent phsse 1 Fsh 38.5 nmll.

Collected slndge is rnested mm snserubmc punds.
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Opanarium and Hsintensmne:

An anprymog in to be pruvuded for 13,500 pbuta, 6 vacuum trucks will be

meeded mmd two labour tesma to mum the amserubun ponds.

Tutel operstium end meuntenence Fsh 2,350,000/yen

Imvestnamr:

The anuumt svsileble in 1989 is Fab 10.99 nmll/yasn.

The unnnesse mm upetetuun end nsmmtensnce coat is:

2.35 — 0.9 = Feb 1.45 nill/yeer.

Imvaatneor nize for phesa2:

(10.99 — 1.45) x 8.5136 = Fnh 81.2 nill.

According ru teble 8.1 the unvenrnemt is utiluzed as followa:

TYPE E: 7000 x 10548 = Tsh 73.8 nul.

FYPE T: 14400 x 482 = Feb 7.0 mill.

Feb 80.8 miii

Anserobin ponds: Fnh 0.4 nili.

Imvenrnemr phena 2 Feh 81.2 null.

Phaea3: 1989 — 2009

All exmatmng and new plots are to heva TYPE E septin tsnkn except for

noma innune group IV eraan whete TYPE P neptin tanks are pruvudad.

The minimum senitstiom stemdard ie rhun providad by m TYPE E neptun tank.

Nu newerege eynram in nomerrunrad.

Collanted niudge me dunponad of in nomarubin pomds.
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Opererium nmd Hsuntenmmne:

All 72,000 piomn have by now rsnkn to 6e anpried umne avary 5 yasmn. Fhin

neamn that 32 vnnuun trucks will ba needad. Thnaa labuur reams run the snee—

rubun pumds.

Futsl upermtiun end naintemamca Tnh bl,000,000/yaar

loven tmemt:

The amount aveiisbie in 2009 in Feb 60.43 mull/yeer.

Investnanr niza for phaee 3:

(60.43 — 11.00) x 8.5136 — Fnh 420.8 null.

According to teble 8.1 the inwaernemt in utulized en fuliuwn:

7000 x 58256 = Fnh 407.8 nul.

14400 x 708 — Fsh 10.2 miii.

Fsh 418.0 miii.

Feb 2.8 mili.

Feh 420.8 miii.

Hein Advanreges and Dieedventsgen

The first phana acte ee mm ‘iinnadiata nntiom’ eamurary prognaemie. Arane with

nelfunnrionumg nanitery nyntane and all new plots are provudad with a new

nmmirany nynren wirhim the initial five yaarn. An the prupuned om—nite dinponmi

nynrene offer a high level of prurentiom mgeimnt health hmzardn from feenei

matrer, a prorenriom ngaimst diarrhoaai dinesnee (nholera, ryphuid, ard.) in

quinkly pnuvidad.

The partn of the om—nite duaponal nyarems wbinh are inpuntamt for the proper

fumnruoning: suberrunture, nquatrmmg piare mmd drainfialde ere profenniumally

danignad emd nometrunted, wherean the nuparnmrunture ie cunamrunredby rhe

uner. Thun the unar is direnriy unwolved, a.g. thruugh a naif—haip nnhame,

bur ha in not respunnibie for the funnriunsi parts, which iunidentaliy

nonnriruta the heevy work.

FYPE E:

TYPE T:

Amserubin ponde

Invastnenr phane 3
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Investnemts ere aveniy disrmuburad om uncume groups; thms could have pulmtunsb

sdvsmteges.

The water supply sysram csm be abowly expandad, end the weten mequunenent per

unem for the aemitsriun systems ma bv.

Fhere ma s goud potamrual for the upgmeding fnun asnutstuum TYPE A to TYPE 8

end from TYPE 0 to E.

Nu control of effluamr from unduntnmen, husputsis and hugh—daneiry masudentusl

eraan. On—nite duspoasl in these eraan hen to be done in vsults, whunh must be

emprued om s weekly basis or even more fmequanriy. This sets s bimut to the ex—

pension of mmduntnias end huspitels.

The hendlung of huspurel westewater would pusa m saruuua heabth mink.

As the weten cuoeumptuun umnneanes, nullsge dinpusal comes to be a prublan,

as thema me s lunut to the smoumr of wastawsten wbmnh could possubby 6e nuskad

away. This appiies to Nunogoro bensuae bed ground cumdmruonn pnavmui mm nany

psrts of this town.

Ranmdantn wuth e high bumiding stsndmrd will damnmd cummecriun to a lsmga neprun

tsnk om a sewensga sysren.

Poremgm exchenge will 6e meeded for the vacuum trucks.

A high degmee of munmnipal perricupstuun me requurad ru secura ntsbia nervune

end goud vehicie nammransmne.

An axteneive nuekege wurhin a united snee inplinmren e high risk of ground—

weten nomrenunsriun. In perrinuler rhe poseibuliry of building up murrugan

compoumdn prevaile, whinh will nemnh the ruvens bensuse the nonk is neletively

shelluw umdet the mejomiry of the towm.

1f s newetage system me to 6e imirimted noon efrer pheee 3, there will 6e s

great ben in the umvenrnemra mmde, parricuinrly in phane 3.
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Fsbies and Pugumes

Fsbba 8.1 shows for esch phsse the sanmrsny types pmovudad in esnh mesmdantusl

smes. Also the total nunber of types pnuvided ma shown.

Fsbbe 8.2 shows the percentage pmuvuded wuth s ssnmtstmun unut for aanh in—

come group mm eech phsse. Also the curmaspunding unvaatmenta ere shown.

Feble 8.2 ma uiluatrated mm fugume 8.1 nhowmng mnvesrmants per plot.

Figuren 8.2, 8.3 and 8.4 mllustrste the dustmubutuon of the sanutstuun types

provuded for eech area in aach phsse.



Alternative 2

Table 8.1: DISTRIBUTION OF SANITATION SYSTEMS IN RESIDENTLAL ABEAS

Area Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Income Group IV III III III III III IV 1 11,111 II 1,11 II IV II III IV IV

Investment Sanitation
Period Type

Provided

ExistinE 283 139 31 34 146 526 572 431 29 219 521 336 2 388 141 161 196

A 200 80 89 130 180 1106 165 285 400 720 190 50

Phase 1 B 220 250 20 80 150 18 29

1979 — C 240 146

1984 D 368 100 80 104 100 280 690

F 490 77 111

Total Plots 871 689 211 227 356 856 1062 1537 294 784 1851 1202 20 578 220 238 307

Phase 2 Existing 368 100 80 104 210 330 1069 1106 100 565 1330 864 190 79 218 282

1984 — E 203 589 131 123 146 526 431 194 219 521 336 20 388 141

1989 F 300 82 20 25

Total Plots 871 689 211 227 356 856 1151 1537 294 784 1851 1202 20 578 220 238 307

Phase 3 Existing 503 589 131 123 146 526 1151 431 194 219 521 336 20 388 141 238 307

— E 368 100 80 104 210 330 1106 100 565 1859 1210 421 79

Total Plots 871 689 211 227 356 856 1151 1537 294 784 2380 1546 20 809 220 238 307
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Table 8.1 continued: DISTRIBUTION OF SANITARY SYSTEMSIN RESIDENTIAL AREAS

Area Nutnber 18 19 20 48 49 50 52 53 55 57 60 61 Future Unnumbered Resi— Total
dential Areas Sanitation

Type
Income Group IV III 1V III 1 1,11 11,111 IV II II II III 1 II III IV

Investment Sanitation
Period Type

Provided

Existing 119 15 289 4578

Phase 1 A 20 467 342 4424

1979 — B 19 206 992

1984 C 386

D 1722

F 12 120 810

Total Plots 131 54 409 673 342 12912

Phase 2 Existing 111 39 374 673 342 8534

1984 — E 38 373 1811. 2327 313 1716 10548

1989 F 20 35 482

Total Plots 131 77 409 1046 1811 2327 655 1716 19564

Phase 3 Existing 131 38 409 373 1811 2327 313 1716 13083

1989 — E 39 972 517 3265 314 686 2832 227 6031 4009 8556 3403 9102 11773 58257

2009 F 708 708

Total Plots 131 77 409 1345 2328 5592 627 2402 2832 227 6031 4009 8556 3403 9102 12481 72048
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Fable 8.2: DISTRIBUFION OF INVESFMENF

Innome Group t II III IV

Total FotsiInvest— Sanuta— % Con— Invest— % Cnn— Invest— % Con— Invast— % Con— Invnsr—
menr tmun nectad mant nented memr nected nent mectad nent Cum— Invest—
Paruud Type of Hill. of Hill. of Hill. of Hill. mecred nent

Pruvided Total
Plots

Fsh Fotel
Plots

Tsh Total
Pbura

Fsh Futsl
Plots

Fnh Hill.
Feb

A 11.7% 3.7 13.2% 4.1 9.4% 2.9

Phsse 1 B 5.8% 2.7 1.8% 0.8

1979 — 0 1.9% 1.3 1.6% 0.8

1984 0 5.3% 4.1 2.9% 2.3 2.2% 1.7 2.8% 2.2

T 6.3% 11.7

Futsbs 18.9E 9.1 17.2% 7.2 17.4% 7.3 10.9E 14.7 64.4% 38.3

Phsse 2 E 19.6% 26.8 11.2% 15.3 13.2% 18.1 9.9% 13.7

1984—1989 P 2.5% 6.9

Fotsis 19.6% 26.8 11.2% 15.3 13.2% 18.1 12.4% 20.6 56.4% 80.8

Annumulsted
Forels 25% 35.9 25% 22.5 25% 25.4 19.6% 35.3 94.6% 119.1

Phase 3

1989—2009

E

T

18.7% 94.1 23.0% 115.8 21.4% 108.1 17.8%

1.0%

89.8

10.2

Totale 18.7% 94.1 23% 115.8 21.4% 108.1 18.8% 100 81.9% 418

Accumul stad
Fotsls 25% 130.0 25% 138.3 25% 133.5 24.1% 135.3 99.1% 537.1

os
ce
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INCOME GROUP
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FIG 81
ALTERNATR[E 2, ON-SITE D~SPOSALSYSTEMS

PHASE 1, 1979-1984

TOTAL
CON NECTED
64.4%

PHASE 3, 1989 - 2009
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LEGEND:
0 SYSTEMS CONSTRUCTED BEFORE 1979

A VENTILATED PIT LATRIN, POUR-FLUSH

B 0FF- SET PIT LATRIN, POUR - FLUSH

C ELEVATED VENTILATED PIT LATRIN POUR-FUJSH

D AOLLA PRIVI, POUR- FLLSH

F SEPTIC TANK-DRAINFIELD (150VCAP/DAY)

FIG 82
ALTERNATIVE 2, ON-SITE DISPOSAL SYSTEMS

PHASE 1, 1979- 1984

B

~‘0~ F
0

F~)
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FIG 8.3

ALTERNATIVE 2, ON-SITE DISPOSAL SYSTEMS
P~-iASE 2, 1984-1989

LEGEND:
0 SYSTEW~CONSTRUCTED BEFORE 1979

A

B

c IN PHASE 1

D

E SEPTIC TANK- DRAINF’IELD ( 701/CAWDAY)

F SEPTIC TANK - DRAINFIELD(15ÖL/CAW~AY)

89
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FIG 84
ALTERNATIVE 2, ON - SITE DISPOSAL SYSTEMS
PHASE 3, 1989-2009

E

LEGEND:
0 SYSTEMSCONSTRUCTEDBEFORE 1979

E SEPTIC TANK—DRAINF1ELD(7OL/CAP/DAY)

F SEPTIC TANK- DRAINFIELD(15OIJCAP/DAY)
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9. ALFERNAFIVE 3

Sewensge and On—sute Dunpusal Syntemn

In this elremmetuve it is nuggesrad that every plur ie pruvided with s wall—

fumcruonmng ssnirsrmun sysrem es in sltennsrmve 2. The um—sute dunpussl sy-

stem pmupuned mm this sbrernetuve doen mur pnovide rhe name service level as

mm sltemmstive 2, thuugh. This besves, om the other hemd, funemnmsl nasounnen

fun invearnenra in s aewersge aysren. The newerega ayetem ma aasumed to davelop

as mm altemnstuva 1, yet st s much slowem rare. Thus nu unvesrnents are made mm

the weaterm sewaraga aysram mm phsse 3.

Exunrung asnitetuun systems whuch ene msbfunnriumung (high—weten reble, bed

structure) are completely renewed.

As mm altarnetuve 1 the sewemage syntem folbuws the sligmmente end dunensuums

as nat uur mm the prelumunary design nepont by Cuwicunnult’IlFhe pnupused om—

nita dispossi systems ene identmcsl to rhone deennibed in slranmstive 2, whena

the messons for usung the puun—flush buwl are also guven.

The central part of the tuwn sutusred wurhun csrchment smes B (nee fug. 6.2)

is sewemed first nonnecring hugh—densmry reaudemrial smesa, numnencisl, undu—

atnuel and public eraan. The sewaga ma tnestad in punds. Whene no sewarsge

cunnectuums are pruvudad, the exunring mslfunntuuning un—sita dmspussl systems

ene replanad, end new plots have nn—site duspussi systems conatructed. Duning

phsse 2 rhe centmal sawensge sysrem ma expsnded, end neerly all diaponsl sy-

stems nonstructed before 1979 are replsced. Phsaa 3 includas the cunatruntiun

of en eastenn sewemage sysrem draunung nstnhmenr smes 0 (sea fug. 6.2).

Cost Estumatea

Unut pmuces used for the coat esrumstes in this sltamnetuve ene udemrunel to

rhone used um alremnatuve 1 and 2. Refemenca ma made to eppendux E and the

Pmalmmunsry Design Rapurt for Humogomo /1/.

Phssmng of the Sewenage end On—Sute Duspossl Systans

Phase 1: 1979 — 1984

Industrues and public sraas are expactad to be nummected sa in sltemnarive 1.
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Sludga nullectad fnum septuc tanks and wet purs ma duapunad of in the sewage

trestment ponds. Existung septic tank systems mm unnone group IV ameas are

genenally well—functuunung. About 10% ua ranewad, and all new plots have TYPE

E om T cunatnucted.

Arasa wuth nalfunctuuming sanutstiun systems (sea fug. 6.6) end bad ground

cunditiuna (nee fug. 6.3) have more than 50% of the axustung systems meplaced.

FYPE A, 8, C or D ma pmovuded, also for new plots.

In smesa whene nsny of the exunring nsnutsny systems are funntuunumg satun—

fentunuly, 60—80% of these are naintsuned. TYPE A or 8 is pmuvidad.

In low—uncune high—dennmty ameen 60—80% of the pluta are pmuvuded wuth new

fsnuluries TYPE A.

Opematuun and Hauntanance:

All septic tsmkn end wat puts (TYPE C end 0) mequime emptying, end two vacuum

trucks are pruvuded. One vacuum truck is s nunbined vscuum truck/jet nlesmem

slsu used for the msintensnce of the sewams. One lsbour team muna the sewage

rresrnenr plant, and snurhen raam nnns the newet niesnung.

Total opetstuum and nauntensnca coat: Tnh 900.000/yesn

Invesrmemt:

Aveilsbia: Feb 5.42 mmll/yasr.

Imveatnent emze phsaa 1: (5.42 — 0.9) x 8.5136 = Feb 38.5 null.

Fsble 9.1 ahuwe the numban of plots mm eech snee cunmected to the sewemege

eysten om pmuvided wirh en om—nute dispussl nystem.
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The unvestmenr ma utuluzed en fulluwa:

Sawersga Sys rem:

Sewerege rreatment and trunk newera

Nam seweme

Lsteral s

Plot connentuuna

Total sewersge systen

On—Sure Dueponsl Sysran.

Fsh 7.5 mull.

Feb 2.2 mmli.

Tsh 2.3 mull.

Feb 2.0 mull

.

Fsh 14.0 mill.

Type A: 2400 x 3164

Type 8 3600 x 900

Type C: 5400 x 340

Type 0: 6000 x 1150

Type g: 7000 x 424

Type T: 14400 x 139

Tursl un—site dispussi systems

Imvearnant phssa 1:

Phsse 2: 1984 — 1989

Feb 7.6 mmli.

Fab 3.2 mill.

Fah 1.8 mull.

Tnh 6.9 mill.

Fab 3.0 nul.

Teb 2.0 miii

.

Tsh 24.5 nul

.

Fsh 38.5 mull.

In this phsse the nentral aewersge system is expsmded so es to mnclude new

masudantial and undustmusl aress. Wuthum the existing eraan mona pbor con—

nectiuns are cunstructed, and more schuuls, hotels end other public end cum—

mancial prenises are nunnecred. On—site duapunsl nystems TYPE A, 8, C ur D

are pmovuded dependung om ground cunduruuns.

All dusposal nystens nunntnucred befuna 1979 ene neplsned exnapr for well—

functuumung naprun tanks mm uncuma group IV snass.

Sune plots mm unnoma group III eraan hsve buildung stamdsndn requunumg TYPE

E septin tanks.

TYPE E and T septun tanks ere pmuvudad in mmnome group IV eraan.

Sewsge end nullentad sludga in tnested mm the nawege tremtnenr pumde.
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Opematiun end Naintansnne:

Approxinsrely 12,000 plure have un—sire diepoeal systems, for whinh emptying

ie nequmred by vacuum rnuck. Amother thrae trucks ere pruvided, end en addi—

tiunal teem ie raquired to run the sewege tnesrment end one exrne resn to

run the sawen clesning.

Tutel upematiom and mainrenanne cuet:

Invee tnemt:

Feb 2,100,000 yeen

Avmuleble: Tsh 10.99 mibl/yean.

The mncreeae in operstiom end meintensmne cuer in:

2.1 — 0.9 = Feb 1.2 nill/yeen.

Imveetment eize for phsse 2: (10.99 — 1.2) x 8.5136 = Fsh 83.3 mill.

The unveermemr ie utiiized es fulbuws (nf. tebia 9.1):

Sewerage Systen:

Sewaga rreetnemt end trumk eewern

Hein eewere

Larerale

Pbor nommacrione

Tural imveetmente in sewerega syetem

On—Site Diepueel Synrann:

Fsh 6.4 miii.

Tnh 7.0 mill.

Feb 12.8 mmli.

Feb 11.3 nili.

Feb 37.5 nill.

Tsh 7.6 mill.

Feh 5.8 mmli.

Teh 15.5 nill.

Feb 0.6 miii.

Teh 13.9 nul.

Feb 2.4 miii.

Teb 45.8 null.

TYPE A:

TYPE 8:

TYPE C:

TYPE 0:

TYPE E:

TYPE T:

2400 x 3171

3600 x 1613

5400 x 2871

6000 x 100

7000 x 1988

14400 x 165

Torei imveetmamte mm un—eira diepusel nyeteme

Invaetnemr phaee 2: Teb 83.3 miii.
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Phsna 3: 1989 — 2009

The centrsl newemsge ayntem ma expandad furthen, end none plots are connecrad.

An easrenn nawensge nynrem is cunstrunred in cstchmant area 0 (nee fug. 6.2)

whuch un drammung to the name sewenage trearnent punda en the cenrmal eawersge

nysrem. Only resmdentmal sneas are cunnected to the esntemn aawerage systan.

A few sept in tanks TYPE E and T are pmuvuded mm uncume group IV eraan to

neplace uld saptuc tanks.

Luw—unnone eraan in the wesremn part of the towm ene pmuvuded wuth un—eute

dmnpusal systems TYPE A, 8 om C.

In the esstern eraan thema are plots which will be nummectad to the eewersge

sysrem suun after yuam 2009. These smeen will be pruvudad wuth un—sute duspo—

aal systems TYPE A, 8 om C to keep lust unvenrmenrn luw.

Other plurn situsted far fnun the sewemage systems are pruvuded wuth septuc

tanks FYPg E for unnome group III end IV eraan end un—aute dmspueal systens

TYPE A, 8 om C for incone group 1 and 11 aness.

Sewege and collented sludge ma treated mm newsge rmeatmant pumds.

Operatuun and Hsintenenne~

Appnuxumsrely 55,000 plots will hsve to be nerved by vacuum trucks, whunh

mesna that 24 trucks will be nequimed. Puur lsbuur teams run the sewsga

rnesrment plsnr, and aix tesna rake name of sewen clesning.

Total uperstiun and msuntensmce coat. Feb 8,900,000/yesm

Inventment:

Avaulable: Tsh 60.43 mmll/yesn.

Invenrnenr auze for phane 2:

(60.43 — 8.9) x 8.5136 = Feb 438.7 milI.
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The inveetmente are utilized ee followe (nf. rabla 9.1):

Cemtral Sawaraga eyeren:

Feb 13.9 miii.

Tnh 16.0 miii.

Teh 50.0 miii.

Feb 43.8 miii.

Feb 123.7 miii.

Eserann Sewerage Syerem:

The esetenm newanage eynrem is eimilar to (bur been exrended than) the

eaetemn sewersga nynren in slrenmstive 1.

Sewege tneetment and trunk nawera

Hein sawens

Lmtanele

Plot commentione

Forsi investmamtn mmeserern newenege nynran

Om—Site Diapueel Systems:

Tsh 18.2 miii.

Feb 35.6 miii.

Tnh 14.2 mull.

Tnh 165.3 mmii.

Feb 0.7 mmli.

Feb 234.0 null.

Total imveetnemte phene 3:

Centnsl eewerege syetem

Esarenn eewersge syntam

On—site dieponsi systems

Sawege ttaetnemt smd rnumk eewere

Hein eewene

Latersie

Plot nommantiume

Total inventmamte in nentrel eewerage eyntan

Feb 23.4 nill.

Feh 16.7 muil.

Tnh 21.8 nili.

Fnh 19.1 mmli.

Feb 81.0 miii.

TYPE A:

TYPE 8:

TYPE C:

TYPE E:

TYPE T

2400 x 7587

3600 x 9891

5400 x 2638

7000 x 23612

14400 x 50

Total mnvantnenre in un—nita dunpunai systems

Tab 123.7 mifl.

Feb 81.0 nill.

Feb 234.0 null.

Fah 438.7 mmii.Imvaarnente phsee 3
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Hein Advsntsgee amd Duesdvsmtngee

Goud control of effiuenr from induerrian, honpitsls end high—dameury reei—

dentiel eraan.

The combined ayatem is vemy flexible, es inveermemre csm be ahufted from

on—sura diaposel synrene to the sewerege sysram om vice venss depamdung

om the davalupnemt of the water suppiy eyaren, svsuisble fumda, develupnamt

mm buuldimg standard, em. Whst is important, in the umurmatuun of the nuo—

struntmun of the sewerega aysten wurhum phsne 1.

This sitermetuve mmcludes rha ‘unniadusta sntuum’ semitery prugnenne, whunh

bemefire rhuse beimg bad uff in the fueid of nsmitsruun. Thus goud control

end even s ponsible axrermumatmom of dmsnnhuesl diaeesen (chulara) in

quuckly pruvuded.

This slremmarive umpluan, as cumpsred to altamneruve 1, rhsr the davelupmemt

of the newemege systen fulluws s more naturel devalupmant of the water supply

nynren and the buildung stsndsrd.

An srrampt bas been made to avuud, to the extemt punsuble, umvestnamtn in the

expamauva septuc tanks (TYPE E end T) mm arese sewened wurhum few yesms after

ssmursmy nynren pruvuauun, in onder tu nimumuze lust mnvestmemts.

Thruughuur all the phasas everybudy is pruvuded wurh precticslly the name

level of pmutectuon sgsmnnt health hezsrds from fsacsl metten.

As nura end more ere cunmecred to the sawarega synten, the risk of ground—

water and niver pulluruun/cumtsnunsriun me reduced.

The unutuel unvestmanr pen plot for the sawamage—nunnecrad plots in very

high: Fnh 29,412.

It appeane, huwever, more nesnonable tu luuk sr the everage unvesrmenr per

plot fun all thnee phsees as a whule om er the svensga mncremantsl coat as

dencnubed in chapter 5. For the rhmee phases the everage unvestmenr in the

sewenage synrem per cunnented plot ma Feb 13,400 whuch is am enneptabla

fugure.

In this slramnstive funeugn exchsnge will be reqummed burh fur the sewersge

syntem and vacuum trucks.
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Tebiae and Tigumee

Tsble 9.1 ehowe for esch phsea the nenutstium rype pnuvided im esch tesiden—

tisl area. Aieo the total mumbat of typen end nawerage nommenruomn ere shuwm.

Table 9.2 ehowe the percentage pruvmded with a eenutetuum umut om conmected

to the eewenage eyeran for eech unnune group im each pheea. The cornespunding

umveermamre are ehuwn.

Tabel 9.2 me illuetreted in fug. 9.1 whete invasrmemtn pen plot ere nhown.

Pig. 9.2, 9.3 and 9.4 ullustrete the namitaruum types pnuvmded for aach snee

in eanh phaee and the devebupmenr of the eewerega sys rem.
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TABLE 9 1 DISTRIBUTION OF SANITATION SYSTE~tSIN RLSIDEN’IAL AREAS

Area Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

IncaxneCroup IV III III III III III IV 1 11,111 11 1,11 II III II III IV IV

tnvestment Sarittation
Period Type

Provided

Exi~ting 349 503 96 87 236 611 576 587 84 506 721 502 15 448 175 170 205

A 50 70 135 950 70 300 600 130 30

Phase 1 8 215 80 50 110 200 5 15

1979 — C 240 l~0

1984 D 200 100 60 200 590

S 286 68 35

F 67

Sew Conn. 107 136 35 40 80 78

Total Plots 871 689 211 227 356 856 1062 1537 294 784 1851 1202 20 578 220 238 307

Existing 371 176 67 122 120 235 486 950 94 235 1130 700 5 130 45 229 297

A 50 100 200 348 100

Phase 2 B 50 65 100 387 151 302 100 75

1984 — C 465 100 200

1989 D loo
S 57 140 165 5

F 35 9 5

Sew.Conn 500 356 144 105 171 281 200 549 370 15

Total Plots 871 689 211 227 356 856 1151 1537 294 784 1851 1202 20 578 220 238 307

Existing 607 492 179 145 171 281 1131 1537 280 627 1322 773 15 404 74 228 297

A

Phase 3 8

1989— C

2009 E 10

F 10 10 10

Sew.Conn. 264 197 32 82 185 575 16 157 1058 773 5 405 146

Total Plots 871 689 211 227 356 856 1151 1537 294 784 2380 1546 20 809 220 238 307
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TA3LE 9.1 DISTRISUTION OF SARITARY SYSTEMS IN RESIDENTIAL AREAS (continued)

Area Nwuber 18 19 20 48 49 50 52 53 55 57 60 61 Future Unnienbered Rest— Total
dential Areas Sanjtatjon

Type

Income Croup IV III IV III 1 1,11 11,111 IV II 11 II III T II III IV

Investment Sanitation
Period Type

Provided

Existing 126 15 307 6319

A 20 467 342 3164

Phasa 1 8 19 206 900

1979 — C 340

1984 D 1150

E 35 424

F 5 67 139

Sew.Conn. 476

Total Plots 131 54 409 673 342 12912

Exiating 125 39 394 673 342 6965
0

A 173 900 1150 150 3171

Phase 2 B 20 200 163 1613

1984 — C 18 911 1177 2871

1989 D 100

E 5 1616 1988

F 6 10 100 165

Sew.Cono. 2691

Total Plots 131 77 409 1046 1811 2327 655 1716 19564

Existing 121 67 399 1811 2327 13288

A 217 1630 1540 4200 7587

Phase 3 S 200 800 295 1540 1000 4356 1700 9891

1989 — C 100 835 1703 2638

E 10 2009 9102 12481 23612

F 10 10 50

Sew.Conn. 1345 627 2402 2537 227 2951 1000 14982

Total Plots 131 77 409 1345 2328 5592 627 2402 2832 227 6031 4009 8556 3403 9102 12481 72048
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TAALE 9.2 DISTRI8LJTION OP INVESTHENTS

larameCreup t II III IV

Inveatmeat Sansta— t Pre— Invest— t Pro— Inveat— t Pro— Inveat— t Pro— laveat— Total Total
Periad non vaded ment aided mient vided maat aided maat Pro— Ir,veat

Type af Hill. af Hill. of Hill. of Hill aided mient
Previdad Total Tah Total Tsh Total Tal Total Tal Hill.

Flats Flora Flats Flora Tab

1. 9.7% 3.0 6 6% 2.0 8.2% 2.6

Fhaael 8 38% 17 32% 1.5

1979 — c 1.9% 1.3 0.8% 0.5

1984 D 4.6% 3.5 20% 1.6 081 0.6 15% 1.2

E 3.3% 30

P 11% 20

lew.taon. 1.2% 4.6 1.7% 6.2 0 82 3.2 3.7%

Total 16.2% 7.8 10 6% 8.7 14 5% ii 1 9 9% 10.9 51 2% 38.5

A 6.0% 2.8 6.0% 2.8 4 22 1.9

Pbaas2 8 2 0% 1.4 2 8% 2 0 3.6% 2.5

1984 — c 6.9% 7 3 5.3% 5.6 0 1% 1.1 2 4% 2 5

1989 S 0.5% 0.6

1 10% 14 9.2% 125

F 08% 24

lea.caan 4.7% 12 8 6 5% 17.7 2 6% 7 0 13 8%

Total Sawaraga taoaaetiaaa 16 2%

rotal 14 9% 11 5 19.3% 23.8 15 4% 23 6 15.0% 24 4 64 6% 83.3

AcrianalaradTotal 25% 19 3 25% 32.5 25% 34.7 21 5% 35 3 96.5% 121 8

8 8.5% 14 6 2.1% 3.7

Phaae3 8 7.4% 19.3 4.9% 12.7 1 4% 3.6

1989 — t 1.3% 5.1 2.4% 9.2

2009 8 15 4% 77.8 17 3% 87.5

P 01% 0.7

law.coaa 11 3% 110.8 5 8% 57.3 3 7% 36 4 20.8%

Taral lowarage Coaoaotiaao 25 2%

Total 17 2% 39.0 20.7% 136.4 22 6% 138.7 21 1% 124 6 81.6% 438.7

AccianulatedTotal 25% 58 3 252 168 9 25% 173 4 24% 159.9 99% 560 5
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FIG 91
ALTERNATIVE 3, SEWERAGE AND ON-SITE DISPOSAL SYSTEMS

PHASE 1,

t
12

1979-1984

TOTAL
CONNECTED
51,2%

INCOME GROAJP

15000

10~

5000~

INCOME GROUP

15000

10000

5000

J-J
25% 50°/o

1PER CE~OF TOTAL P~TS

100°fo

25°/o 50% 75% 100%



— 105 —

FIG 92
ALTERNATIVE 3, SEWERAGE AND ON-SITE DISPOSAL SYSTEMS
PHASE 1, 1979 - 1984

T7

o SYSTEMS CONSTRUCTED BEFORE 1979
A VENTILATED PIT LATRIN.POUR-FLUSH
B CFF-SET PIT LATRIN, PO1JR-FLUSH
C ELEVATED VENTILATED PIT LATRIN, POUR- FLUSH
D AQUA PRIVI, POUR FLUSH
E SEPTIC TANK- DRAINFIELD (70 1/CAP/DAY)
F SEPTIC TANK - DRAI NFIELD (15o1/cAp/DAY)

111111 SEWERAGE CONriJECTED AREAS

SEWAGE TREATMENT
PONDS

A

LEGEND

ALL OTHER SIGNS INDICATE INDUSTRIAL.
COMMERCIALAND PUBLIC AREAS
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FIG. 93

ALTERNATIVE 3, SEWERAGE AND ON-SITE DISPOSAL SYSTEMS
PHASE 2. 1984- 1989

/

o SYSTEMS CONSTRUCTED BEFORE 1979
A VENTILATED PIT LATRIN, POUR-FLUSH
B ~F-SET PIT LATRIN, POJR-FLUSH
C ELEVATED VENTILATED P~TLATRIN, FOUR-FLLSH
D AQUA PRIVI. POUR FLUSH
E SEPTIC TANK - DRAINFIELD (70 L/CAPJDAY)
F SEPTIC TANK - DRAINFIELD(1501/CAP/DAV)

SEWER.AGE CONNECTED AREAS

SEWAGE TREATMENT
PONDS

A
E

�7

LEGEND:

ALL OTHER SIONS INDICATE INDUSTRIAL,
COMMERCIAL AND PUBLIC AREAS
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ALTERNAT~VE3, SEWERAGE AND ON-StTE DISPOSAL SYSTEMS
PHASE 3, 1989 - 2009

o SYSTEMS CONSTRUCTED BEFOPE 1979
A VENTILATED PIT LATRIN. POUR-FLUSH
8 ~F-5ET PIT LATRIN, PO1JR-FLUSH
C ELEVATED VENTILATED PIT LATRIN. POUR-FLUSH

D AQUA PRIVI, POUR FLUSH
E SEPTIC TANI(-DRAINFIELD (701/CAP/DAY)
F SEPTIC TANK - DRAI NFIELD (1501/CAP/DAY)

EflIfi SEWERAGE CONNECTED

TREATMENT

B

8
E

LEGEND

ALL OTHER SIGNS INDICATE INDUSTRIAL.
COMMERCIALAND PUBLIC AREAS
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10. CASE STUDY, APPRAISAL

Technucel Apprsiesl

The compliceted gnoumd conditmom in connudered in all thnee sirermetuven.

Burh the on—nite dmnponel systems end the nawersge systems ere genensily

lurtla dependung om smy mschimery om complucsted machsmmcsl pemrs. A pump

eretiun end mechenicsl eerstons ere unntelled mm eltennstive 1 phese 3

bur these rechnologien should ba epplicsble within rha mext 20 yesms.

Wenreweter duscherge fnom unduetruen, hosputels, echools etc. us well

contnulled in slrernsruve 1 end 3.

The depemdency om vecuum trucks especuelly mm eltennetive 2 fun the whula

unbem snee csm guve pnoblens due to breek dowms of trucks, leck of spera—

psrtn, lsck of fuel—oml em.

Alrenmetive 1 eppluen s very hesvy demsmd om the exrensiun of the weten

nupply system end devalupmemt of buildimg stsndsnd.

Altenmetive 3 pnoviden the rechmicsl bent nolutuon.

Sucuel Appneinsl

All rhree slrenmsrivee ere famenced mm melstuun to the usens effotdebilmry~

Alrermsruve 1 serven leen then helf the populetmom elthough everybody me

paymng whuch could ceune complinetions.

Altennerive 2 end 3 namve the nenursmy “badly off’e’ quickly end provida

ell with orgeminad nsmirsny nynrems withum rhe plsnming pemmod.

The unene habit of unumg waren for smel cleemsmng me comeidaned im all rhnee

elrarmerivas.

Bunker latninee emd communel toulete which ere not preferred by the unern

are not pnovided.

In slrermetuva 2 and 3 the ueat cem comtnibute wuth own lebour in building

the eupenerructure for the om—emte duspoesl nynreme. Om rhe other hsod he

ie not renpomeible for the psrre important fon the functiom of the nyatem



— 109 —

whuch me cunetnucted om en omgenuzed bsnun.

Altenmstmve 2 end 3 ere both nuciel acceprsble.

Envmrunmemrsl Appmsinsl

Altemnsrive 1 doen nut nulve the nsnmtsry pnoblem for mone then helf the

populetmon end pullutuon of buth recemvung wetens end the ground surfece

wull be duffucult to control.

The exrenemve noskung mn slremnstmve 2 could menult mm gnoumdwsten end

puesuble nuven pullutmon, meunly wurh nitrugem compuundn.

By not samvmng the elum ereen the nsnutstuon schema pnopueed in elrennerive

1 doen not cuntnol the outbneek of disnnhuesl dusesses luke chulene snd

typhoud.

Alternstmve 3 offers the bent anvmronmentsl pnotectmun.

Funsncisl Appnsunsl

Usung e dincoumtimg nete of 1DB the sversge mncnememtsl coat st msmket

pnice me cslculstad for eech sltenmetuve. The detsuled cslculetmon me

found mm sppendux G end the deteule fon the celculstuuns un the in—

dustmuel, commarciel end publuc eraan ene foumd mm eppandix G snd E.

Unut: T nh /plot/yeer Renidemtiel
sneen

Induntruel,
commencisl

end_publuc_eneen

Total urbam 1
snee

ALTERNATIVE 1

ALTE8NATIVE 2

ALTERNATIVE 3

1,778

862

908

1,778

11,127

1,778

1,778

2,543

1,059

Teble 10.1 Avenege Imcrementsl Cont (AIC) er marker pruce.

The AIC—vsluen of tebla 10.1 munt be compsred to the evenage enmually

sffondeble imsrslmemte of T eh 839/plot.

Lookmng er the nenidemrusl snese omly, sltemmermve 2 us s lurtle mmme

sttmscrive rhen slramnstuva 3 bur whan the total umben snee in included

sltennstuve 3 in cleemly the moer atrnactive.
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The operaruomand maintenemeecost of the vanuumi rrunk/vaulr eye rem

applied to imduetrial, commerniel and public areae in alrermerive 2,

ie oftem umdereerimatad. Rieing oil pnicen will probsbly ninke this

soluriom lene arrrscrive in the future. In this caee the high operation

and mainremanne oost for imdustniel, conzuernial end public areae in

elrermarive 2 makee this alternarive fimemcislly unarrrsntive.

Cesh flow analyeis of rhe alternetives ie irrelevemt noneidering the

wsy of finenning rhe esniration echemas rhrough affordable inerellmente.

Imveetmante ere made as the imetallmemte ene collented rhnough the

mumicipal raxsye tam.

Economic 4ppraieal

The oost of esnitatiom systems and operarion and meintenanne coet are

ehsdow priced usuog the ehadow fenrorn indicetad in sppendix F.

Appemdix F alno shows the detsiled nalnulerion of shedowed nost amd

Appendix G ebows everage imcrememtel coet unimg ehadow pnunen and e

duenountimg nare of 10%.

Umur: T ah /plor/yean Resudemrual
eneee

;______________________________________

Imduetruel,
commencusl

and publmn

Total urbam
snee

ALTERNATIVE 1 2,465

ALTERNATIVE 2 1,117

£ ALTERNATIVE 3 1,219

2,465

17,433

2,465

2,-465

3,790

1,436

Tebla 10.2 Avarnge Imnramemral Cost (AIC) unung ehedow prucee.

Finar nf all mt me neen that the cslculsruona uning nhsdowed pnicen show

thsr the nanitery nyntems ene more axpamsive to the enonomy rham in

revesled by the cslculstionn ueimg msrket prmcee. Thus in becsuna all

of the namiteny nynreme use a lot of umported msrenusls.

Alrernariva 3 in also economicelly cleanly the mont cost effentive whem

nonnudemimg the total unben snee.
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11. CDNCLUSIDN

The following conclusion in drawm from the oase srudy and the field

etudy. epplyimg to aanirarmom echemes fon urbam eneas wuth special

reference to Afnios.

The conclueion ehould ba studied comsidenung the comdurions pnevaulumg

in Morogono.

— the general complicered gnoumd conditmon,

— the relerive low nvensga uncome level of $ IBD/cep/yesn,

— e populetmom demsity of 100—200 csp/ha whuch in nether rypicel for

Afmicem urbem smese,

— the poon nenvice level of exiering nenutstion end weten nupply

— end the ueenn pnefenencan, haburs end desine to umpnova theur

weIl—beurig.

1. Tekung mm accoumt rhsr e mumimum earvice level must ba kapt for all, it

is possible to fimence n nenirsrioo echama to rhe benefit of everybody

wmthim 5—10 yesrs uning only affondable imsmnlmenre. Ir is propoeed that

these inerelmenrn sre based om the followimg propontioms of rhe household

uncome:

o low smd low middle mmcome groups 2%

o middle uncoms gnoup 3%

o high mmcome group 4%

These mnetslmemts nhould be collectad from all as e special le~ e.g.

thnough the municipel tax nyn tem. The fee psud for pnovinuom of a samirary

nyntam in thun mor dmnecrly neleted to the nenvuces provuded.

2. Supporr me guvem to the eppnoach that the ammual unvesrmemre in eamiratuon

schamen pnoponed in was teweram manter plene nhould be dureotly neleted to

household uncomen comtnsry to present commom pnecrice.

3. Altannetive pnojectn should be compared end eppneused cerenumg for a wide

nenge of socuo—economic, cultural end rechmucsl especte, narher rhem

bemng compened fnom the aspect of thaun total cont only.

Benefute should be sssensed not in monetary remms (which is impossuble)

but e.g. in number of comnectuoms to s esnitery system. The avemege imcre—

mantel spproach should be epplued to compena end eppnamsa bemefits accrued.
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4. Ssnurstion schamen csm only bs sppnsinsd when connidening the whule com-

plex unbem eres includung undunrmman, hunpmtsls, shooln erc.

5. Weren nupply and esnirstiom muer be comeudaned numultemeously mm develop—

ment projecte. 1f the water nupply eyntem in extemded end no namurstuun

is pnovuded nullsga control could become e major pnoblem. Om the comrmsmy

is s houne~comnected weten supply er e nervuce level of 80—lOO l/csp/dsy

neceseery for the wall—funcrioning of s nawamsga nyntem.

6. The quantmon of spproprmers umutustuun of s sewensge syntem cuncemnung

pumentmsl cunnacroms csm be sppneised mm unung the svemegs uncrsmsntsl

cont (AIC) sppnosch.

7. Sawensge systems rypucelly provmde the mont fesnuble methud of contmullung

undunrmusl end honpmtsl wanreweten duecherge.

8. On—nute dunponsl systems pnovmde the denumed munimum nemvuce level uf

rhey ere well danugned end well cunntnucted. Thmn csn bs esnumed uf

un—nute dunpossl syntsmn ere mncluded mm nsnitstuon nchemen end the

pmovinion rhun in s government (om munucipsi) menpunnibiluty.

9. Whsn spplyung borh newersge systems end un—nite dunponel nyntemn tu s

nsnutstuon nchsme mm me punnuble to propone s echeme csremung for sil

bened un the communuty’n fmnsncuel cspsbmlury. The pmuvunuon of s nsnu—

tery nyntem in thun nut e qusntuun of newemsge nyntem om norhung but s

quentiun of finding the sppnupmiete cumbinstuun of newemsge nynrem end

on—nute dmspossl syntsmn.

10. Opensruun end mauntensnce shuuld be guven s hugh pmuommty in futume

nsnuretuun ncheman. Thun umpluen mskung fundn evsulsble for thun snd

the mnnuning of lsbour tesmn. Alnu mm me of vutsi umpumtsnce to esmsblmsh

sri urgsnmsstuun menponnuble for opemetmun end msuntenence.

11. The objecrmve of s nsnmtetuun project nhould be clesmly defuned. Ir shuuld

not be the pnovmsuun of e newemsge nystem for the purpose of havung nuch

one. The objectuve wull rypicelly be to pnevsnt the npmssd of wsmem

end sxcmers melsted dunsanen, to reduce unfant murmslury rsmsn and

to umpnuve the envmnoomenr.
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APPENDIX S

GLOSSARYOF TERNS

Ecomomic Terme

Appr eisa 1

The axemumetuom of e project befone (“ex enre”) rha project me umdartaken.

(Sea also Eveluerion,balow).

Duncount Rare

The opporruniry coet of ceputel in imn next bent eltenmsruve usa: rhe

reta by which the project’s emmuel roem end bemefure ere dincoumted to

produce the project’s Net Pnenemt Vnlue.

Eveluation

The examunatuom of a pnojecr efran (“ex posr’T) the projecr hee been

undarrekem. (Sea elco Appneussl, sbove).

Memkar Prica

The pruca of e good on service boughr om the open menkar.

Net Pnesenr Velue (NPV)

The present sum of money whuch is equuvalanr to all future flowe or momay

dmecounred er s nare of interesr.

Opportunuty Coer

The velue to society of a good on service in ure bast altemneriva usa.

Shadow Prica

The nocial value of a good om service; the oppontunuty cost of a good

on service.

T eb = Temzanian Shilling

Engineering Tenme

Amaanobic Pond

Pomds whuch are davoid of dusnolvad oxygem. Settled solide end eludga

from vacuum trucks ere digested smeenobically.

Compos t

The humus—luke product of the eerobuc end enaerobic composrmmgof night

soul or aludga (may have orgamic metten added to in)
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Effluemt

The liqumd ourflow from s sewegs mneetmsnt womkn, sspruc tank om aqus

pnivy.

Excrate

Feecan emd unime of humsm onugin.

Relmumth

Psmasimic Womm.

Psrhogem

Axi ongemuem whuch causen dusease; monmelly mucroscupuc mm eize.

Seniterion

The collacriom, mneermemr and disposal of domantic and mndustmisl weere—

water end night soul.

Seprege

The accumulatad scum and sludgs in eepruc renke emd wat puts.

Seweregs

A syn rem of pupes end eppurtamencee for the collecrmon end tnsnsporretion

of weramborne domestic end undustniel westes.

Sawage

Human Excners duluted by weten.

Sludge

The demee frectiom which setrles our by greviry when newege erends for

smy length of time in the treerment process e.g. septuc mank, pnimeny

sedimentaruon.

Sullaga

Domestic waste water not contaiming exenets e.g. bath water on leundry

water. Also cellad grey water (Ameniceo prectica).

Weerewamer

The weren—homewsstas of a community.
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APPENDIX C

WASTEWATER FLOWS TO SANITATION SYSTEMS

For sewemsgecunnecmedhouses wesrewaran fiows ene tekem from Cowuconsult

/1/.

Wsnrewsten fluwa frum undunmmusl, cummemcuel snd public eraan are teken

fmum Cowicumnulr /1/.

Sanitetion Syntem Phene 1 Phess 2 Phsns 3
3 3 3

m /plor/dsy m /plum/dey m /plor/dsy

Sewerege 0.8 0.9 1.3

Septic tank, Type F 0.8 0.9 1.3

Septic mank, Type E 0.7 0.8 0.9

On—nume, Type D 0.4 0.6 0.7

Om—sute, Type C 0.2 0.3 0.3

On—nute, Type 8 0.2 0.3 0.3

Om—nime, Type A 0.2 0.3 0.3
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TOTAL WASTEWATER FLOWTO THE SEWERAGE SYSTEN (ALT. 1 AND ALT. 3)

WASTEWATERFROMINDUSTRTAL, COMMERCIALAND PUBLIC ABEAS TO VAULTS (ALT. 2)

ALTERNATIVE 1

Phase

m
3/d

1 Phese

m3/d

2 Phasa

m3/d

3

Residemtual arean 1,830 8,403 43,509

Industruel,
end public

commencisi
ameas 784 3,602 18,647

Total 2,614 12,005 62,156

ALTERNATIVE 2

Phese

m3/d

1 Phene

m3/d

2 Phese

m3/d

3

Induntrual,
end public

commenemel
eraan 784 3,602 18,647

ALTERNATIVE 3

Phane
3

m/d

1 Phene
3

m/d

2 Phene
3

m/d

3

Reemdentmalerses 377 2.850 23.521

Indunmnmel,
and public

commsrcual
sneas 784 3,602 18,647

Total 1,161 6,452 42,168
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GENERAL DESIGN CRITERIA

Ponds

The aneemobic ponde ene des ignad for e bed of 15 m
3 pan truck pan day

30 daye neremtiom i.e. 450 m3 per truck.

The sewage tneatmamt pond ie denignad for 30 days hydreulic retemtion

mime.

Sawens

Minimum dusmerer: Lemerals 160 mm

Naums 225 mm

Meun sewans desugmed to maximum 2/3 full.

PVC—pmpmngfom duamarras up to 400 cmi

Concrete pipimg for duemsmmen abova 400 mm.

~~ulic 1~sie

The hydraulic design of fl0 eewer pipes is baaed upon

Oolebrook and White ‘e formuj.aa:

2* * *
xli xl

~ere t is derived from tne rormulae:

[f]* = 6.4 - 2.45 In + ~7(f)i]

lie: ie flejnolda figure

k: coefficient of rouglmess

T: flow/cross aectiome3. area of flowimg
stream of water (velocity nVaac)

li: hydrauflc radius (m)

1: siope (Wei)

The hydrauiic design of concrete pipes ie besed om the

convemtiomal. Manni ng forznuie.e:

‘~ x 1# r

n: coefficient of roughness

ei: o.o15 for dia, 45o — 5oo =

n: o.o13 for dia. 60e — lo5o mm

Minimum alopes~ Mum. nlope

Fmomplot to lemeral manhole: 1%

Luns nenving up to 6 hounen: 0.8%

Lima nervmmg more tham 6 housan: 0.5%

Tntmk sewamn: 0.2%
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11171F Pll1C~j rc~CO~’PEGT~LA~pE(Pnica level 1979)

DeocripLion of Vion1z~ Unjtc Coat per iini.t

T.sh~. 45.oo
T.shn. 30.00
T.shs. 35.oo
T.shs. 40.00

1. Exeavatlori i) BuIk
ii) Trenches Bupth > 2.o
1h) Tu’enches Icptn > 2.o < 3.0

iv) Trenches ~mth > 3.0

m~
m~
m~
m~

2. Concrete (i) L~ans concrete placcd
(ii) Reixfforecd concrete md.

shutterum~, raunforced
stoel p1acin.~ and
compaction

is
3

3
n

T.shs. 900.00

T.ohs. l,Soo.oo

3. L1anholeo (m) Type A, small blocizv’allr
(iSo ~ Dspth < 2.o mi

(~u) Type B, b]oel~’ia13s 225 mm
rnpth < 2.o rs

(iii) lype 0, ccncrete nince
a BupiJi 2.o is

b ]~pth 3.o is

c Dop-In 4.o is

(lv) Type D, remforced oonc~LetE
T0pth < 2.o is

Uiut

Unit

Umit
Un~t
Unit

b7nit

T.shs. 1,9oo.oo

T.rhe. 2,8oo.oo

T.shs. 3,ooo.oo
T.chs. 4,ooo.oo
P.chz. 5,ooo.oo

T.rhs. 5,ooo.oo

4. On—Sete Dumpuzal Sjzte’ns (Sur Striicture)
Çm) \entlIatra p.it latrjnee
(mm) Elevated vent,Ja;ed rit

latrinos

Ç i-mu) i~q’~riIvuvy(~~)Septie — ian’~uicld

tiut

Urxt
Unm-c
Ur.j t

j~.shS. 1,5uo.oo

7.mho, ~,ooo.oo
T.m1~. 4 ,~or.oo
T.c~a. 1 2,oo~.co

5. On—Site I)ic~oza1Py cers (Surcr~:truc~ue) Un-t T.r..ee. 2,’uo.oo

6. Comriur~l lacrmnee (4 st~J.]n)
(i) Aqua Pri-ry Coma~nal Letrines

(ju) Sewer Comriurial Iritrinca

Uni-t

Urx~t

T.sh.. 1f,ooo.eo

T.shr. 1~,coo.oo

6. Plot Ineta] Latuon Plo-t T.shz. 3,Sco.00

7. Laterals Plot T.nhs. 4,000.00
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Umut Pruces for Connmrucmmuri of Sswenn (Pnmce level 1979)
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COST OF THE VACUUMTRUCK / VAUTLTS SYSTEM FOR INDUSTRIAL, COMMERCIAL AND

PUBLIC AREAS

ALTERNATIVE 2

One plot equivnlenr = 9 pernon aqumvebent

cent of vault per plot squmvalenm Tsh 8,750

Oparariom and meumtemence per plot equmvalamr Teb 10,000 / yeem.

Sheduw facror for vault as for ssptic tank : 1.29

Shedow runt for vaulm Tnh 11,290.
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OPERATIONAND NAINTENANCE

Septaga memngament

For emprymmg wat pim, aqua pnivues end septic tenks, vacuum mnuckn ene

uned. Asnummmg that sludge bas to be collscted once every fifth yenr om

averege free eech plot and oma vacuum truck cen empty 3 pim or tanks e

day working 7 beurs a day. Furmher they are openering 150 deys e yeen.

Ons truck ren rhen eerva: 3 x 150 x 5 = 2, 250 plots

Con t:

The ennual roet of running e tnuck is:

Wnmting off T Sh 100,000

(Cepital cost T Sh 600.000, 6 yaann life)

Intenasr (everage 10% p.a.)

Fuel (100 l/d)

Repsmm

T Sh 60,000

T Sh 60,000

T Sh 60,000

Running rust : T Sh 280,000/yeer

Fom aach truck thema is one fomemem nmd 2 leboumenn

Menu-al roet fo labuun per truck:

1 Fonamem : T Sh 25,000

2 Labourane : T Sh 20,000

Labour coat : T Sh 45,000/yean

Total rumning roet pen truck : T Sh 325,000/yeer

Sewer Cleemimg

Aneerobic pomde end sewerege treemmanr pomde raquira operetion end maim—

renamce tesme comeisming of ome foneman amd 5 lebourars. Furrher tliiay

usa soma memeniele, equipmemm end e pick—up for transport.

The oxidatiom ditch plant naquires 2 foneman, 10 labourans, some matenials

and equipmemt and transport.

The mead for mateniale, equipment and transport ie essumad for aach pheee

in en nitenmative.
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APPENDIX F

SHADOWCOSTING

Oppormunimy roet of caputal om dmncuuntmng mate

skulled leboum aennn 2.5 x unnkmlled laboun end

umnkmlled laboun in 1:4.

Shadow far ton used

10 E

the ratmo of nkmllsd to

Unskillsd labour

Skilled labour

Forsugn axrhamgs

Local matsniuJn

Fuel oml — transport

Shadew rust astiaaten for nenitariun umutn

0.7

1.5

1.5

1.0

4.0

TYPE A, Pit letmmn

Markar roet
Tnh

Shadow factor Shadow roet
Tsh

Imperted meteniel 1200 1.5 1800

Local matanmal 100 1.0 100

Laboun 700 0.86 602

2000 2502

+ 20% Cemtimgamruen 2400 3000

TYPE B, 0ff — sem pim lamnmn

Nanket roet Shadow fectom Shadow roet
Tsh Tnh

Tmported mememials 1700 1.5 2550

Local materials 300 1.0 300

Labour 1000 0.86 860

3000 3710

+ 20% contimgemries 3600 4450

T!?~_Ç~_~1E!!tjEEEREE~_2!18iEifl

Merkem roet Shadew factor Shedow roet
Tsh Teb

Imporred mamenmele 2600 1.5 3900

Local mamaniale 500 1.0 500

Labour 1400 0.86 1204

4500 5604

+20E contimgecias 5400 6725

( sbundamt in Nomogonu

( in sherm nupply

nee World Benk /8/

nee World Bank /s/
umemable (even srsnre) coinnodimy)



— 124 —

_P1_~S~_EI!Y~

Menkar roem
Teb

Sheduw factor Shadow roet
Tnh

Itspomrad memanmeln 3000 1.5 4650

Local mememmale 500 1.0 500

Labeur 1400 0.86 1204

4900 6354

+ 20% Commingenrmen 5900 7625

I~L~±_~~!LUMp!2s_!so!s

Narker rent Shadow factor Shedow roem
Tsh Tsh

Imperred matenialn 3800 1.5 5700

Local maremmals 500 1.0 500

Labour 1500 o.86 1290

5800 7490

+ 20% Cemmunganries 7000 9000

Narkat rent Shedew factor Shedew roet
Tnh Tsh

Tmporred metenials 8000 1.5 12000

Local maraniale 1000 1.0 1000

Labeur 3000 0.86 2580

12000 15580

+ 20% Comtingemries 14400 18700

§!F2!~&E_!ZE~T!

General shadew factor

Shadewad weight

15

Weight Sbedow far rem

Impermed mareniele 10 1.5

Local meremmels 1 1.0 1

Lebour 2 0.86 1.72

ehsdow factor

13

17.72 / 13 = 1.36

17.72

Sewar pipes ere eseumed lerelly manufarmured usung unpermsd marhmnery and

aquipment. Cement and ereelbers ere also impomred.
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Shedow roet sarimeras for epereriom end maimremanre

General ahedew factor

shadow factor

28

45.2 / 28 =

45.2

Weight Shedow factor Shadow weighr

Imported meteriele 18 1.5 27

Fual oul 3 4.0 12

Lerel mateniels 1 1.0 1

Lebour 6 0.86 5.2
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APPENDIX G

AVERAGE INCREMENTAL COSTAT NARKFJ~PRICE

Renudentiel arean

C.I. 0.1-M. P.C.

Indunmnmel, remmercial
end public eraan

C.I. 0.+ N. P.C.

Total urban area

C.I. O.+ N. P.C.

ALT. 1

Phena 1

Phane 2

Phane 3

38.0

86.6

465.6

0.95

1.77

5.74

2.310

9,334

33,572

16.3

37.1

199.5

0.41

0.76

2.46

990

4,002

14,388

54.3

123.7

665.1

1.36

2.53

8.20

-

3,300

13,336

47,960

Frenent
value

AIC

ALT. 2

Phaea 1

Phase 2

Phane 3

137.7

38.5

81.2

420.8

17.2

1,778

0.90

2.35

11.00

87,118

8,315

18,508

71,400

59.0

8.7

35.0

125.9

7.4

1,778

9.90

40.02

143.88

37,342

990

4,002

14,388

196.7

47.2

116.2

546.7

24.6

1,778

10.8

42.37

154.88

124.460

9,305

22,510

85,788

Present
value

AIC

ALT. 3

Phane t

Phene 2

Phans 3

138.1

38.5

83.3

438.7

26.3

862

0.90

2.10

8.90

190,626

6,611

18,879

71,328

44.5 371.0

11,127

16.3 0.41

37.1 0.76

199.5 2.46

37,342

990

4,002

14,388

182.6

54.8

120.4

638.2

397.3

2,543

1.31

2.86

11.36

227,968

—

7,601

22,881

85,716

Pmenen t
value 137.7 22.6 176,692

ATC 908

59.0 7.4 37,336

1,778

196.7 30.0 214,028

1,059

= Caputal inventmsntn in mill. T Sh

= Opematmun and mamnmenamra mmnul. T 3h

= Flora ronnermed

= Avemege inrrsmemtal rent in T Eb /plom/year

C.T.

O +N

P.C.

AIC
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AVERAGE INCRENENTAL COST AT SHADOW PRTCE

Reemdential ere-as

C.T 0.+N. P.C.

Indentrial, rupnnemruel
and public amean

C.I. O.+ M. P.C.

Total urben area

C.I. 0.+ N P.C.

ALT. 1

Phese 1

Phass 2

Phase 3

51.7

117.8

633.2

1.52

2.83

9.18

2,310

9,334

33,572

22.2

50.5

271.3

0.66

1.22

3.94

990

4,002

14,388

73.9

168.3

904.5

2.18

4.05

13.12

3,300

13,336

47,960

Fmenenm
value

AIC

ALT. 2

Pbase 1

Pbase 2

Phane 3

187.3

48.8

104.5

541.5

27.5

2,465

1.44

3.76

17.60

87,118

8,315

18,508

71,400

80.2

11.2

45.2

162.4

11.8

2,465

15.84

64.03

230.21

37,342

990

4,002

14,388

267.5

60.0

149.7

703.9

39.3

2,465

17.28

67.79

47.81

124,460

9,305

22,510

85,188

Present
value

AIC

ALT. 3

Phane 1

Pbene 2

Phane 3

177.1

50.0

108.7

573.4

35.8

1,117

1.44

3.36

14.24

190,626

6,611

18,879

71,328

57.4

22.2

50.5

271.3

593.6

7,433

0.66

1.22

3.94

37,342

990

4,002

14,388

234.5

72.2

159.2

844.7

29.4

3.790

2.10

4.58

18.18

227,968

7,601

22, 881

85, 716

Pnenent
velee

AlG

179.2 36.2 -76,692

1,219

80,2 11.8 37,342

2,465

259.4 48.0 214,034

1,436

= Capmtel mnventmanrn in null. T Sh

= Opemation and mamnrenanre me mull. T Sh

= Plumn runneemed

= Avemaga unemamental rust in T Sh /plom/yeam.

C.T.

0.+ M.

P.C.

AIC
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ALTERNATIVE 1

Average Incremental Cost (AIC)

(Constant base year isarket prices, 1979)

Year Capital investments

Miii. T Sh

Operation and
Ma~ntenance

Miii. T Sh

Plots connected

Capital investments evenly distributed for each phase.

Linear growth of Operation and Maintenance cost for each phase.

Sewerage systems: 40 years life

AIC 137 74 i-17.2 x io6 T Sh 1,779/plot/year

= US$ 217/plotfyear

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

S crap

t
38.0

~1—
86.6

465.6

0
0.24
0.48
0.71
0.95
Lii
1.28
1.44
1.61
1.77
1.97
2.17
2.37
2.56
2.76
2.96
3.16
3.35
3.56
3.76
3.95
4.15
4.35
4.55
4.74
4.95
5.14
5.34
5.54
5.74

0
578

1,155
1,733
2,310
3,715
5,120
6,5 24
7,9 29
9,334

10, 546
11,758
12, 9 70
14, 182
15,394
16,606
17,818
19,030

20, 242
21, 4 54
22, 666
23, 878
25, 040
26, 302
27,514
28, 7 26
29, 9 38
31, 150
32, 361
33,572

value 399.0

Present
Values 137.74 17.2 87,118
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ALI’ERNATIVE 2

Average Incremental Coat (AIC)

(Constant base year market prices, 1979)

Residential Areas.

Year Capital investments

Miii. T Sh

Operation and
Naintenance

Miii. T Sh

Plots connected

Capital investments evenly distributed for each phase.

Linear growth of Operation and Maintenance cost for each phase.

On—site disposal systems: 20 yesrs life

AIC j90 626 x io6 T Sh 862/plot/year

TJS$ i05/piot/year

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

17
i8
i9
20
21
22
23
24
25
26
27
28
29
30

Berap

38.5

t~—
81.2

4 20.8

0
0.23
0.45
0.68
0.90
1.19
1.48
1.77
2.06
2.35
2.78
3.22
3.65
4.08
4.51
4.95
5.38
5.81
6.24
6.68
7.11
7.54
7.97
8.4i
8.84
9.27
9.70

10.14
10.57
11.00

0
2,0 84
4,167
6,251
8,334

10, 369
12,404
14,438
16,473
18,508
21,153
23, 797
26, 442
29, 086
31,731
34,3 76
37,020
39,665
42, 309
44, 9 54
47, 599
50, 243
52, 888
55,532
58,177
60, 8 22
63,466
66, 111
68,755
71,400

value —210.4

Present
Values 138.06 26.3 190,626
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ALTERNATIVE 2

Average Incrementsi Coat

(Constant base year market pricea, 1979)

Inciuding industrial, commercial and public areas.

Present vaiuea for industriai, commercial and public areas:

One p.e. is the per capita discharge per day

One piot—equivalent ie 9 p.e.

Coat of vacuum truck cartage per piot—equivalent:

Inveatment coat: T.Sh. 8,750, Operationai and Maintenance: T.Sh. iO,000/year

Year Capitsl invesbnents

Miii. T Sh

Opermtion and
Naintenance

Miii. T 5h

Plots connected

Capital investmenta evenly distributed for emch phase.

Linear growth of Operation and Maintenance coat for each phase.

On—site disposal systems: 20 years life.

For present vaiues of residentiai aress sea appendix

138.06 + 26.3 + 44.47 + 370.97 x io6 T Sh 2,543.3/piot/year
AIC =

37,342 + 190,626
= US$ 310.2/plot/yesr

8.66

35.02

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Scrap

0
3.23
4.84
8.07
9.68

16.13
22.58
27.42
33.87
40.33
45.16
50.00
56.46
61.29
66.13
70.9 7
75.81
82.26
87.10
91.94
96.78

101.62
108.07
112.91
117. 75
122.59
127.43
133.88
138.72
143. 56

125.90

0
248
495
743
990

1,592
2,195
2,797
3,400
4,00 2
4,521
5,04 1
5,560
6,079
6,594
7,118
7,637
8,156
8,676
9,195
9,714

10, 234
10, 753
11,272
11,792
12,311
12,830
13,349
13,869
14,388

value —62.95

Present
Valuea 44.47 370.97 37,342
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ALTEREATIVE 3

Average Imcremental Cosr (AIC)

(Constant base yeer market pnuces, 1979)

Inrludmng industnmal, rommercuel and public aneen.

Inventmente, Oparetion and Mauntenanre Cent end Plot aqumvalenr

ronmerted me foumd unung the fbow duntnubutmon eppendix C.

Yeer Capital investments

Mill. T Sh

Opanation and
Mainmanance

Mili. T Sh

Plots connerted

Capital inveetmente evenly distributad for aerh phese.

Lineer growth of Operetiom end Naintemenre Oost for each pheee.

On—emte dinposel systems: 20 yeers life

Sewerage syetam: 40 yeern life

AlG X 106 = T Sh l,l58/Plot/Yeer

= US$ 14l/Plot/Yean

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Serep

t
81.6

130.64

600. 85

0
0.3
0.61
0.91
1. 21
1.51
1.82
2.12
2.43
2.73
3.16
3.59
4.01
4.44
4.82
5.30
5.72
6.15
6.58
7.01
7.43
7.86
8.29
8.72
9.14
9.57

10.00
10.43
10.85
11.28

0
1,896
3,792
5,688
7,583
9,39 4

11,206
13,017
14,829
16,640
20,09 4
23.548
27,002
30,455
33,910
37, 363
40, 817
44, 270
47, 7 25
51,178
54,632
58, 086
61,540
64, 993
68, 448
71,901
75, 355
78, 808
82, 263
85, 716

value —447.67

Present
Values 218.81 29.1 214,034
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ALTERNATIVE 3

Average Incresiental Cost (AIC)

(Constant base year market prices, 1979)

Residential areas

Year Capitai investmenta

Miii. T Sh

Operation and
Maintenance

Miii. T Sh

Plots connected

Capital investments evenly distributed for each phase.

Linear growth of Operation and Maintenance cost for each phase.

On—site dispossi systems: 20 years life

Seweragesystem: 40 years life

137.74 + 22.6 x ~o6 T.Sh. 908/piot/year
AIC =

176, ~

1 4 o o
2 0.23 i~648
3 O~45 3,297

4 38.5 0.68 4,945
5 0.90 6,593

6 1.14 7,802

7 1 1.38 9.011

8 83.3 1.62 10,220
9 ]~.86 11,429

10
11

2.10
2.44

12,638
15,573

12 2.78 18,507

13 3.12 21,442

14 3.46 24,376

15 3.80 27,311

16 4.14 30,245

17 4.48 33,180

18
4.82 36,114

19
20
21
22
23
24
25
26
27

438.7

5.16
5.50
5.84
6.18
6.52
6.86
7.20
7.54
7.88

39,049
41,983
44,918
47,852
50,787
53,721
56,656
59,590
62,525

28 8.22 65,459

29 8.56 68,394
30 8.90 71,328

Scrap value —291.3

Present
Values 137.74 22.6 176,692

= US$ ill/plot/year
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FIG. 121
POPtJLAT~ONDENSITIES 1984
(RESIDENTIAL AREAS ONLY)

LEGEND:

POP DENS ‘ 5 CAP/HA

SOCAP/HA ~ PG4~DENS~1O0CAP/HA

POP DENS i~ CAP/HA

ALL OTHER SIGNS INDICATE
INDUSTRIAL, COMME~IALAND
PUBLIC AREAS
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FIG 122
POPULATION DENSITIES 1989
(RESIDENTIAL AREAS ONLY)

LEGEND-

POPDENS~5OCAP/HA

5OCAP/HA ~ POPDENS 5100C417’RA

POP DENS > 100 CAP/HA

ALL OTHER SIGNS INDICATE
INDUSTRIAL, COÎV1MEI~IALAND
PUBLIC AREAS
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FIG 123
POPULAT~ONDENSITIES 2009
(RESIDENTIAL AREAS ONLY)

LEGEND:

POP DENS<BOCAP/HA

50 CAP/HA ~ POP DEr’JS ~1COCAi3IHA

POP DENS> 100 CAP/HA

ALL OTHER SIGNS INDICATE
INDUSTRIAL, COMMERCIAL AND
PUBLIC AREAS
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FIG. 124
INCOME DISTRIBUTION 1984

_____ INCOME GROUP]~

ALL OTHER SIGNJS INDICATE
INDUSTRIAL, COMMERCIAL AND
PUBLIC AREAS

\®

iNCOME GRQ.JP 1

LEGEND

______ INCOME GROtP ff

INCOME GROUPiu

K~OOOQ
ft~~ooo~l
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FIG. 125
INCOME DISTRIBUTION 1989

00~

oo0,~~

LEGEND:

______ INCOME GROJP 1

_____ INCOME GROJP~

1000 0:0] INCOIV1E GROUP~

O~O~O~INCOME GROtP &

ALL OTHER SIGNS INDICATE

INDUSTRIAL, COMMERCIAL AND
PUBLIC AREAS
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FIG 126
INCOME DISTRIBUTION 2009

LEGEND:

______ INCOME GRO(P 1

_____ INCOME GROUP~

INCOME GROUPIIE

I~~IINCOME GROUP ~

ALL OTHER SIGNS INDICATE
INDUSTRIAL, COMMERCIALAND
PUBLIC AREAS


