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(1) Government Policy -

The Government has taken the policy of the acceleration of housing
project development both in the public and private sectors in order to improve econormnic
and employment conditions, for instance, through the Bank of Thailand which urges
commercial banks to provide loans for housing project development, 7,000 baht of
interest paid as a result of housing loans to be decreased in calculation individual
income tax, and easing of varicus regulations on real estate business which hinder
housing project development. '

(2) Housing Credits _

During 1986 and 1987 various financial institutions have adopted the
policy of providing more housing credits as a result of the viability of the financial
system. Meanwhile during the two years the interest rate decreased from 16% to 11.5%.
This has decreased the investment capital in housing development and the amount of
money paid for hire-purchase instaliment payment. :

According to the Bank of Thailand,  the amount of unpaid debts in
the first six months of 1987, at the end of June, was 42,792 million baht, compared to
38,049 million baht during the same period in 1986.

(3) Housing Demand and Affordability of the Public

Study results reveal that approximately 50,000-60,000 households needed
residential quarters in 1987, about 80% or 48,000 units of which are standard housing
units while the remaining 20% are made up of residential quarters in congested
communities or temporary shelters.

The phenomena of domestic accumulation of capital for more investment
in housing project development, more than 5% reduction of the interest rate during
the period of 1985-1987, and the change in the design of housing units to be smaller
and less expensive in the private sector, have evidently increased the affordability of
the general public. In 1980 only about 15% of the people who needed housing units
were able to buy them from the private sector; but currently over 55% can do so. A
housing unit for the lower middie-income families costs about 200,000-370,000 Baht,
and that for the upper middle-income group costs about 370,000-980,000 Baht.
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The housing need and the affordability of the general public have brought
about a great number of housing development projects in suburban areas for the upper
middle income groups, for instance in Bangkapi, Prakhanong, Bangkhen, Phasi
Charoen, Samutprakarn and Nonthaburi. As a result in 1987 the housing market has
been genuinely for the buyers.

(4) Construction Material Situation

Construction material is the most important variable in housing development
for its cost makes up more than 50% of the cost of a housing development project
comprising land, management, taxes, labour and other expenditures. During the
first 9 months of 1987 the atmosphere of investment in housing development was so
satisfactory that the price of construction materials increased suddenly at the end of
the year, beginning with an increase of over 30% in the price of steel wire, followes by
an increase of the prices of lumber, pipes, electrical equipment, etc. As a result, the
cost-of housing production has been raised and marketing of housing has been affected,
because currently after the housing units are completed they are sold in advance,
Therefore so when the price of construction materials rises investors are directly

affected.
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Figure 2. Generic Classification of Sanitation Systems
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Table 2 . Descriptive Comparison of Sanitation Technologies

Sanitation Rural Urban Canstruction Operating Euaze of Self-help Water Required soil Compleinentary Healih  Institutional
iechnology application  applicution consiruciion potential requirement conditions off-site investment benefiis  requirements
Yennieied Suitable Suirable in LS Very casy None Stuble permeable soil; Nane Gond L
improved pit M-density caceph in grovndwaice ut beast |
{vir) latrines wod ureas wel oF meter below surfuce®
Reed Odarless rocky
Earth Closcts pround
(wrnics)
Pous-flush () Suitube Suitable in LS Ensy Watct menr Siable permenble soif: None Very pood L
wilees M-demity ilet provadwaicr s leass )
wrcus meter hebow surfacc®
Double vault Subtable Suirahle in Lf Very easy Nonc Nunc {can be huili above None Giowwd L
composting {DvC) M density except in wet ground)
tailets ' nreas or rocky ground
Scil-wopping Suitable Suilublc in 52 Reyuires Water ncar P ble sail; g H T {acilivics lor Very pood L
uyuapqivy M-density some skifled 1wict at keust 1 mcier below sludge
arcas b surlucc®
Scpmic tank* Suiahle Suirahlec in 11 Royuires Water piped 0 P bic soil; g 1 Otf-sire tremment Very good I
fof rurnl M-dcmity wome skillicd huuse and at least ¥ meter below fucilisies for shudge
instisutions wicus labor il surfacc®
Three-stupe sepric  Switable Suitable in L/ Reyuires Water neur P hie soil; g d T Tucilities for Very good L
tanks M-density sowme skilled wile o keast 1 meter below sludge
. wrcus labor surface®
Vunl sodbets amd Not suituble  Suitable Reyuires 13 11or vauly Water near None {can be built shave Tremment facilities for Very good vl
carluge some skilled  comvructive)  wiler ground} night soil
luhor
Scwered ¥ wodlcts,  Not suituble  Suivahle Requires Watcr piped (6 None Sewcrs and ireaiment Very gomd 1
seplic 1anks. skilled horng und {ucilitics
HyAPTivECS engincer/ tilek
buildcr
Scwcruge M suitshle  Suitahle Reyuires Water piped in None Scwers and treatment Very pood 1§
skifbed huase und fucilitics
capincerf wilct -
huilder

Note: L., low; M, medium; 11, high; VEL, very high.
a. On- or off-site sullage disposal [acilitics are required for nonsewered technologies with water service levels in excess of 50 to 100 lcd, depending on

poputation density.

b. If groundwater is less than 1 meter hefow the surface, a plinth can be buily,
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d with leaching cesspocls while larger

buildings such as municipal buildings, offices and schools have septic tanks.
All vaste waters other than toilet wastes ar® discharged into surface drains
which discharge into canals. Sioce the subsoil is impervious clay, seepage
from cesspool and overflow from septic tanks also flow into the canals since
sbsorption into the soil for further treatment is precluded. Water pumps are
used to augment the low mains pressuze which causes polluted water To enter
the water mains at leakage points. Thus, the insanitary waste disposal systenm
presents a serious health hazard (?ha.napawdhikul 1967; Camp, Dresser and

McKee, 1968).

In Bangkok most houses are equippe

4

Very few houses in Bangkok lack a toilet facility. The sanitation
conpaigns have resulted in a very high aceeptance of individual
facilities - vill over 90% of the slum housebolds have one kind of

toilet system or anothex.

Two important factors have played a role in the rapid acceptanca of
toilets in the Bangkok slums. The availability of an effective wvaterseal
prevents the occurance unpleasant odaurs, the vicinity of a toilet is

therefore no longer proveling stxong negative reactions. __

————n e o ———— 1w —

* The second factor contribating to the general acceptance relates to

the simple comstruction motheds developed for the system. The whole

construction is readily available in prefabricated psrts from a '
mltitude of suppliers at a very low price. Tae system is so cheap ,

amp g e il oni | asssse g By o Skl
b Bom coishin i e isar o7t

. v 5 —— —

" In summary easy and ecomomic supply and the elimination of pleasant

e the key factors behind the high implepentation ° -

gights and ddours BT
ratio of toliets systems in Thailand.
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The successful introduction of the cesspool in Bangkok has achieved a

very unified sanitation method which satisfies the people. The easy con-i

struction system and the widely available and cheap components brought
this method within everybodies reach. The absence of offensive odours
and the simple cleaning requirements give much satisfactionm.

The result is that people feel that sanitation is adequate as it is.

L}

Publie health and technical and environmental considerations are not
felt to be questions within their control and do therefore fail to

actract much interest.

CESSPOOL

THE ORJGINAL CESSPOOL DESIEN

The cesspesl design as it was launched as the low cost scolutica for
urban areas in Thailand in the early seventies consists ¢f two inter-

connectad +tanks.

The first tank is for settling solids, while the partly purified

efficient flows into a second tank: a soakage.

_The f£irst tank has a ventpipe, since most of the bicgas is produced’

here and an inlet in the form of a squatting plate with a waterseal.
Both tanks are made of concreta rings, the cne has a tight bottom

the second one has no fleor. This design requires a regqular removal
of the sludgo, while the system perculates a considerakle quantity of
unstabilized organic matter and pathogenes inte the graind water.

It is however very easily constructed and requiresg little maintenance.

The system works well in areas with a hich ground water level, which
keeps the second tank filled with flxii.d.s. As a rasult a sacondary
treatment takes place before the effluent soaks away. £ there is
a low ground water level however, the overflowing fluids from the
first tank soak away into the ground befors any secondary treatment

takes place. The pollution effect will therefore be censiderabla.

numoer:
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The Simplified Cesspool

The actual iustallations that ome finds in tha glums are very different
frem the original cesspool desigh. . -

Instead of two tanks, there is only cme -~ It consists of set of fings
without a bottom plate and has a squatting plate with a water seal, but
without ventpipe on top. The tank sometimes hardly enters into the
soil, but rises through the surrounding surface water up to the floor

of the house. The user satill enjoys 'the same advantages as in the case
of the correct double pit cesspocl: cheap and easy installation and on

effective waterseal keeping out all inpleasant edours.

.The treatment process however has changed radically. Fluids leach
directly without treatment into the surrounding surface water. There is
oo secondary treatment of effluents and the perculation of fresh feaqal
mattey inco the water body is quite possible; There are many cperational
problems with thisg type of toilet, but from the users point of view

it is satisfactory: it 1is chaap to construct and pléasant to use.

The operational difficulties are not immediately appearant. The
leaching offect comstitutes a longterm health lazard and causes severe

pollutions. [AS sHOW IN TABLE , e 1
The direct soakage reduces the mimeralisation process of the sattling
solids. The lack of a ventpipe results in a build up of biogss in

the tank and causes blockages.
‘The adverse envircnmentsl conditions in the slums are partly related to

this zalpractice of building simplified cesspcols.

The comstruction of the cesspool.

Installation consists of making a small excavation on the ground and
putting a few rings om top of each other .up to the flop:f‘ level
of the house. The joints between the rings are sealed and then the cover

slab is masoned on top. This slab has an oval opening which Qllovs-

numoer:
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 Fig. 3 Typical septic tank "leaching” cesspool for Bangkok arec

(Camp, Dresser, and Mckee, 1968 )
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the water seal of the squatting plate to enter the tank. Ip irs
simplest form cthis lasc element is made of concrete with a terrazze
facing, the more expensive model is made of China. Only the squattigg
place procude; from the floor. The water seal is flushed with a small
quantity of water either by hand or with an autcmafic.flush.

This type of squa:ting.pla:e is also used in public buildings which are

linked with a septic tank system.

The rings have eight small dents in the sides whicﬁ allow the rings

to be puncﬁuréd. This arrangement wa# made in the originél cesépool
design which allowed cesspool effluent to leach out of the tank.
The-rings were therefore t; be sﬁrrounded by a mantel of.gr;vel so that
the fluids through a soakage around the tank could perculate into the
ground. The high water table of Bangkok and the clay do however prevent

this from happening. The rings are usually lefr unpunctured, and the

refill is the excevated scil from the pitc.

The bottom of the pit is left open and the water level in the cess pool
corresponds therefore with that of thevgroundwaﬁer. The volume of the
cesspools are related to the number of rings used in the comstruction
and this differs widely. Where the original design basically intended
to be an underground, leaching tank, the present practice is often
very different. Many houses are bu?lt on stilts, sometimes on flooded
land and the floor of the house may be as much as 150-gm over the
surrounding soil.

In these cases the tanks may have beemn build more above ground thanm
underground. In some cases ouly half a meter ;f the tank penetrates
the soil and the main volumes rises from that level to the floor of
;he house. As a resulc leaching effluent does nor perculate through

a thick layer of soil but comes straight out in the surface water.

numoer:
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The cesspool design is suitable for the Thais because some water is

needed to flush it. As litcle as two litres will do and the use of

water for anal cleansing - as | . " the population reports

helps. Only few peoﬁle are using toilet paper "% and this may °
cause blockages of the waterseal. It is fairly common £o $hrow of this

paper.ina waste bim next to the toilet and dispose of it later
with the garbage of the house this habit others still many
possibilities for vector transmission and fly breeding

It is not unusual to throwv waste water into the cesspool: °

do so. Garbage at the other hand is not £lushed down,

The cess pool needs to be emptied periodically, whén the solids have
fiiled most of the :Ank. The normal procedure is to use 3 vacuum truck
and insert the hose through a metal lid that bas been mounted in a socket
in the coverplate. It is however oftem difficulf to unscrew this lid

and the truck operators seldomly attempt to unscrew it. They find it
easier to scissel away the mortar that holds the squatting plate, lift

it off and seal it into place afrer comple:ion‘:he procedure.

The Municipality (BMA) operates vacuum trucks to eﬁ?ty the cesspools

and septic tanks of Bangkok . The official charges seem to be about
CT but it often takes some extra contribution to persuade
_ the driver to come to the house; Higher income groups prefer this

method.(

The sludge is dewatered and composted in two locations in Bangkok and

then mainly used for landfill.

) ) .
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Table 3 . Means of Emptying the Cesspit

‘ Means Percantage of Use
A Pump-tzuck service 45
Draining into a new pit l; .
Build new toilet (new pit) 8
Dump in the ccanmuni ty 8
Dump i{n canals . '3
. ' Dump in public drains or sewers . 2
Total 4' 78

Note : 22\ af the respondents never had to empty their cesspics

Table . 4- Quality of Water Under Slum Bquse;_ o

Sl o, A Sount Mew/100 w1 ;| COD (ag/)
1 s.1 x 104 _ v g 100 o ,":;o.o
13 1.0 x 10° .. Lloo ) _ __ o
. 2.0 x 10° S T?J.J.O “ '37.-0"" h
15 1.0 x 10° | "o ] ase
16 - 2.0 x 10° Conae | a3

rastaned Ao Taibmd Fishlil: of Fetontilc oot
fM’&M ﬂt..-km.[( TISTR) i M-ryhharém Mvé‘(

Makihot Uniwomsisrsity . FKalamd | 193
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AQUA- PRIVIES

DEFINITION AND DISTINETIONS

The aqua-privy can be regarded as a simplified septic tank system — excreta are
deposited directly into a tank, rather than being flushed along a short length of pipe
before reaching it. The distinction between the two devices, and the simpler
construction of the aqua-privy, is made clear by Figure . This distinction needs
to be emphasized because in some countries, notably India, terminology is
different, and the term ‘septic tank’is consistently used to describe what this book
calls an ‘aqua-privy’. The two systems use the same principle — anaerobic
fermentation or digestion of excreta in a tank of water — but an aqua-privy costs
less than a septic tank, and requires less water for its operation.

a;\

Superstructure

Agua-privy

. Soaka

o~

Seplic tank
House system
we. ’
| Septic tank ; Soakoway
FIOR A ) ' p“
Figure 5 Comparison of the principle of the

aqua-privy and the principle of the septic tank. The
aqua-privy shown has a simple drop pipe as used in

rural areas of Nigeria .
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Measurements shown arg in centimeres.
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Reproduced by permission of the United Nations Relief and Works Agenc'v for Paiestins Refugees in the Near East.

Check list

1. Is the concrete tank of waterntight construction ?
inspaction manholes, 40 x 40 cm :
Inspection box, 40 x 40 cm

Scakage pit or soakage trench

Capacity of tank : 22.3 m?

Fig. @. An agua privy_installation suitable for an instituticn. (From
Rajagopalan & Shiliman). .

2. Do the drop pipes extend beiow watar outiet levei ?
E = Drop pipe 10.5 ¢m in diameter

F = Qpening 15 x 15 cm in partition wall

G = Ventilator pipe

o0 w)>
[ A
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General construction

The most commeon form of construction in
developing countries is a concrete floor, rendered
blockwork walls and a reinforced concrete cover
siab, The floor is usually 100 mm thick unrein.
forced concrete, but some reinforcement may be
provided in poor ground. The walls of a small tank
can be made with 150-200 mum blocks, rendered
with good cement mortar on the inside to make
them completely watertight.

Prefabricated aqua-privies are produced from a
variety of materials. Concrete units were built in
large numbers in the West Indies from about
1947010, The design shown in Figure 13 was used in
Caleutta’s sium upgrading projects in the late

Aqua-privy chutes
Most aqua-privies are built under a squatting slab
and a chute is formed by a vertical pipe. This is

often 100 mm internal diameter, [t is essenuial that -

the pipe extends at least 75 mm below the liquor
level in the tank. The pipe may be integrally cast
with the squarting plate.

There are two main variations to the usual chute;

a. Aqua-privies with seats are built where the local
practice is to sit rather than squat, as in the
West Indies and Botswana, (Figure 16).

b. Pour-flush warer seals can be provided where
the local practice is 10 use warter for anal clean-
ing, as in the Calcurta type shown in Figure 13,

charnber

or -
vanilatony

8sQ

Vant pipe
re——

Yo sosk pt or
chiornation

o

S T VO A T A A T

Section a1 A~A

Pan at floor level

Figure 13 Aqua-privy for slum upgrading scheme in Calcutia

————————
[y
N
Washing trough
r~ f
Access cover ~ }*l Sowal flow pan

mmm‘g_.—_ e ey P it
'—-- H
Qvurtiow pipe ]

. 10 SOakaway E

Ayt s
—
2“:.:.;. «-:; n:.-.: [F2Iprr

Figure 16 The type B aqua-privy used in Bowswana
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Qutlets

Qutlets for septic tanks and aqua-privies less than
1200 mm wide are usually made with a T-junction
set so that the bottom of the horizontal leg is
50=75 mm below the level of the inlet pipe. The
bottom of the pipe is called the invert, and the out-
let invert fixes the water level in the tank. As with
the inlet T-junction, the vertical leg must extend
above the top and botiom of the scum layer.
Liquor must be discharged from the liquor zone
between the scum and the sludge.

Ventilation

Digestion of the siudge, and to a lesser cxtent the
scum, results in the release of gases. These are
mosty carbon dioxide and methane, but there are
small amounts of other foul-smelling gases and
some form of ventilation is therefore necessary for
the tank. In household systems a screened outlet is
often placed at the upper end of the drains and
gases escape from the tank through the upper limb
of the inlet T-junction. An alternarive is to allow
gases to escape through holes in the access covers.
“This does not avoid nuisance from bad smells, but
prevents a build-up of pressure in the tank. A better
method is-to provide a ventilating pipe for the tank
itself, and this is suitable both for aqua-privies .

Operation and starting-up :

A newly-built . aqua-privy should be
tested for water-tightness by filling it with water
and allowing the water 1o stand for a day. The
water need not be piped drinking water if there is a
stream, well or irrigation canal nearby. After test-
ing, the tank should be left full of water, Digestion
is helped by throwing in some well-digested material
(such as sludge from an old tank).

Mainstenance

The only mainienance necessary for well-construc-
ted and properly-used . aqua-privies
is the removal of surplus sludge and scum to leave a
clear central zone for liquor. Proper use of an
aqua-privy involves keeping the squarting plate
clean and ensuring that the water level in the tank
does not fall by adding enough water to make up
for evaporation. If the chute becomes blocked it
may be necessary to clear it with a stick.

Regular inspection of the tank is necessary to find
out whether the sludge and scum levels are accep-
table.

. If hard material is used for anal
cleaning the siudge level in a small aqua-privy
should be checked at monthly intervais.

The most satisfactory method of siudge removal is
to use a tanker lorry equipped with a pump and
flexible suction hose.

It is not uncommon for the suc-
tion pipe to be lowered down the chute of an aqua-
privy, but this often results in damage to the chute.
Therefore a removable access cover should be built
in the top or side of the tank.

The bottom of the siudge is well-consolidated and a .
high proportion of the material may be sand cemen-
ted together by fine particles. Most of this material
should be removed. Some tanker lorries are

equipped with a hosepipe so that a jet of water can
stir up the hard deposits. If a jet is not availabie the

" sludge should be disturbed with the end of the sue-

tion pipe or with a stick or long-handled spade.

When a tanker lorry is not available, it is usual 10
dig out the sludge with a long-handled shovel, and
to remove it in buckets or tins. This is unpiecasant
work and can be 2 health hazard, as the sludge may
still contain some pathogenic micro-organisms. An
alternative used in some pilaces is an animal-drawn
tank fitted with a hand-operated suction pipe.

By whatever means it is collected, the material
removed from the tank is a mixture of harmless
marter (such as sand and well digested sludge) and
potentially harmful fresh sewage and undigested
sludge. It can only safely be used for agriculture or
horticulture when persistent pathogens have been
eliminated—for example by a long period of drying
or by composting with vegetable waste. The pro-
vision of a sound collection and disposal service is
essential for the health of the COmmMUDity.

It is parcularly
important to fill the tank of an aqua-privy so that
the bortom of the inlet is covered.

P.O. Box 20718, 3001 JA Rotterdam
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Material and Labor Requiremencs

The aquaprivy vault may be constructed of brick, conerete, or con=
crete block and fust be water—proofed with a stiff mortar. The smaller units
way be prefabricated of plastic, if economically feasible.

Self-help labor is suitable for excavation work, but the vault
construction requires skilled bricklayers.

Maintenance Requirements

The aguaprivy should be kept clean and the

Maintenance is sinple.
An adesquate supply of water is neces

vault dasludged at 2-to-3-year intervals.
sary for "flushing” and to maintain the water seal.

- —— ~—

Water Requirenents

Water ééquired to waintain the water seal depends on local climatic
conditions. In the sullage aquaprivy, the amount of sullage warer discharged
to the privy is suffigient to mainrain the water seal, provided all sullage
water is drained to the vault. In practice this means that wherever sullage
water is used to irrigate a garden, self-copping aquaprivies are not recom-
mended unless water is piped to the house or yard=--or the users are educated

.well enough to maintain the water seal.
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SEPTIC TANK

DESCRIPTION OF QEPTIC ° TANK

The septic tank is an on-site means of disposing of wastewaters {rom the
household. [ts construction, operation and maintenance is carried out solely
within the confines of the private property, apart from infrequent desiudging of
the tank. As such it is often regarded as a panacea for sewage disposal by
municipalities in that when operated properly the municipality need not be
involved technically or financially; the system can be entirely supported by the
individual house owner. - :

The septic tank consists of a large tank placed beneath the ground level in
close proximity to the house from which it receives its influent of kitchen,

- cleansing and toilet wastewaters. Most of the solids in the waste settle in the
tank as sludge and digest (ferment) on its bottom. The effiuent leaves by over-
flow into a subterranean pipe or trench system which distributes it for percola-
tion into the soil.

Unforwnately the septic tank has scrious disadvantages. The first and
most important one is that it is expensive, often costing more on a per houschold
basis than separate sanitary sewers; its use is confined to the wealthier suburbs.
The second is that it requires large areas of permeabie subsoil through which it
can distribute its effluent; where population densities are high the open spuces
of land required for these purposes are too limited for its widespread use.
Thirdly, in the majority of cases where cities have been built near rivers or in
deltaic areas, the subsoil structure is too impermeable for the leaching of
septic tank effluent; being unable to permeate the soil the effluent, still luden
with pathogens, flows across the ground and. thereby hastening the spread of
disease and not allaying it (Figure 7). Finally, and most insidious ol all. the
temptation of the municipality to rely upon privately owned systems during
initial periods of urban growth may be too great and result in very costly
reversions to other methods when population densities no longer allow septic
tanks to function properly.

Other costs 10 be considered are those which affect the community as a whole.
As often as not, vents on the septic tunk are not effectively screened and the
unit becomes an inscct breeding ground. If a policy of endorsing septic tanks
is followed in time by the installation of @ municipal sewerage scheme there is a
real dunger of double costing, leading to public hostility il hook-up to the
sewerige scheme is not offered entirely on a voluntary basis. Foresight s
required to ensure that septic tunks are fully depreciated before sewerige
schemes ure imposed on the municipality. :
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Characteristic

Nimpuno gave a characteristic of septic tank that,

TYPE OF PROCESS:
Anaerobic digestion. . Sedimentation in two or
: three chazbers. Regular sludge removal required.
DECOMPOSITION: :
Partial, sludge still inscable and virulent,
requires maturing. ’
PATEOGINE DESTRUCTION:
Partial, ‘sludge and effluent still virulenst.
HANDLING OPzRATIONS:
Monthly siudge.checks, annual sludge remaval.
Requires each tizme 15-25 1 of flushing water.
Sludge removal to be organized,
PERSOIAL HYGIENE:
Good
ENVIROHENTAL EYGIENZ:
Ground water pollution likely. Overflcw occurs
if not maintained preperly.
CATACITY: :
Large, usually one tank for each building.
CORSTRUCTION: ’
Conerete or masoned underground tanks, connected to
soakage or trench drain. ‘
TRANSPORT: '
' Waterborne.
SERVICE INPUT:
] Water
ECOMOMY -
Medivm
ADAPTABILITY:
In rural and urban situations, where ground watar
can be accepced.

[y
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D

. Schematic of Conventional Septic Tank
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Figure _. . Alternative Septic Tank Designs
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OPERATION AND MAINTENANCE ©F SEPTIC TANK

Ventilation

Digestion of the sludge, and to a lesser extent the
scumn, results in the release of gases. These are
mostly carbon dioxide and methane, but there are
small amounts of other foul-smelling gases and
some form of ventilation is therefore necessary for
the tank. In household systems a screened outlet is
ofien placed at the upper end of the drains and
gnses escape from the tank through the upper limb

_of the inlet T-junction. An alternative is to allow

gases to escape through holes in the access covers.
This does not avoid nuisance from bad smells, but
prevents a build-up of pressure in the tank. A better
fnclhod is to provide a ventilating pibe for the tank
itsell, and this is suitable both for aqua-privies and
for septic tanks.

Ovperution and starting-up ’

A newly-built septic tank or aqua-privy should be
tested for water-tightness by filling it with water
and allowing the water 1o stand for a day. The
water need not be piped drinking water if there isa
stream, well or irrigation canal nearby. After test-
ing, the tank should be left full of water, Digestion
is helped by throwing in some well-digested material
{such as sludge from an old tank).

Mzinienance
The only mainienance necessary for well-construc-
ted and properly-used septic tanks and aqua-privies

is the removal of surplus sludge and scum to leave a

cleur central zone for liquor.

l Regular inspection of the tank is necessary to find
out whether the siudge and scum levels are accep-
tublc. A septic tank should be inspected a1 half the
design time,
The most satisfactory method of sludge removal is
tv use u tanker lorry equipped with 2 pump and
Nexible suction hose. Removable covers should be
“muvided for all compartments of septic tanks, and
e best at the inlet ends, where sludge accumau-
tation is greatest.

T}w bottom of the sludge is wellconsolidated and 2
high proportion of the material may be sand cemen-
1ed together by fine particles. Most of this material
should be removed. Some tanker lorries are

cyuipped with a hosepipe so that a jet of waier can
stit up the hard deposits. If a jet is not available the
sludie should be disturbed with the end of the suc- .
Han pipe or with a stick or long-handled spade.

When a tanker lorry is not available, it is usual to
dig out the sludge with a long-handled shovel, and
10 remove it in buckets or tins. This is unpleasant
work and can be a health hazard, as the sludge may
still contain some pathogenic micro-ofganisms. An
alternative used in some places is an animal-drawn
tank fitted with a hand-operated suction pipe.

By whatever means it is collected, the material
removed from the tank is a mixture of harmiess
matter (such as sand and well digested siudge) and
potentially harmful fresh sewage and undigested
sludge. It can only safely be used for agriculture or
horticulture when persistent pathogens have been
eliminated—for example by a long period of drying
or by composting with vegetable waste. The pro-
vision of 2 sound collecton and disposal service is
essential for the health of the community.

A septic tank should never be completely emptied.
Some old sludge should always be left at the bot-
tom to ensure that digestion continues. (This is
known as ‘seeding”). After desludging, the tank
should be filled with water. It is partcularly
important to fill the tank of an aqua-privy so that
the bottom of the inlet is covered.

P.O. Box 20718, 3001 JA Rotterdam
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CRITICAL INFORMATION ITEMS NEEDED FOR SELECTION AND DESIGN OF SANITATION SYSTEMS

Climatic conditions

Temperature ranges; precipitation, including drought or flood periods.

- Site conditions

Topography.
Geology, including seil stabilicy.
Hydrogeology, including seasonal water table fluctuations.

Vulnerabiliecy to flooding.

Population

Number, present.- and projected.

Density, including growth patterns.

Housing types, including occupancy rates and tenyre patterns.
Health status of all age groups.

Income levels.

Locally available skills (managerial amd- tcchnical)

Locally available materials and components.

Municipal sarvices available, in¢luding roads, power.

Environmental sanitation

—

Existing water supply service levels, including accessability and

reliability, and costs.
Marginal costs of improvements to water supply.
Existing excreta disposal, sullage removal and storm drainage facilicies.

Other environmental problems such as garbage or animal wastes.

Socio—cuyltural factors

People’s perceptions of present situation and interest inm or

susceptibility to change.
Reasons for acceptance/rejection of any previous attempts at upgrading.

Level of hygiene education.
Religious or cultural factors affecting hygiene practices and technology

Location or use of facilities by both sexes and all age groups.

Attitudes towards resource reclamation.
Attitudes towards comwmunal or shared facilities.

Institucional framework

Allocarion of responsibility, and effectiveness of state, local or
municipal institucions, in providing the following services:
Water ’
Sewerage, Sanitation, Street cleansing, Drainage

Eealth
Education
Housing and urban upgrading

Note: The prioricy between variodq items will vary with the sanitation

options being considered; the list above indicates typical areas
which should be investigated by planners and designers.
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WASTE STABILIZATION PONDS

-

DESCRIPTION

Waste stabilization ponds = - - are large shallow basins enclosed by
carthen embankments in which raw sewage is treated by entirely natural
processes involving both algae and bacteria. Since these processes are unaided
by man (who merely allocates a place for their occurrence) the rate of oxidation
is rather slow and as a result long hydraulic retention times are employed,
30-50 d not being uncommon. Ponds have considerable advantages (parti-
cularly as regarding costs and maintenance requirements and the removal of
faecal bacteria) over all other methods of treating the sewage from communities
of more than about 100 people. They are without doubt the most important
method of sewage treatment in hot climates where sullicient land is normally
available and where the temperature is most favourable for their operation.

NUImbDer:
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Desludging frequency

The rate of sludge accumulation is approxlmatcly 0-03-0-04 m?/hd year and
desludging is rcquxred when the pond is half-full of sludge.?* This occurs

every n years where n is given by:
{ (pond volume, m?)

(sludge accumulation rate, m*/hd yr) x (population)
For the purpose of design the rate of sludge accumulation may be estimated

as 0-04 m3/hd yr.

Odour release and control

The release of objectionable odours from anaerobic ponds occurs when the
metric loading on the pond is > 400 g BOD,/m3d. - Thus even for a very

strong sewage (say, BOD, = 1000 mg/l) odour release is unlikely to be a problem

when a retention time of 5 d is employed. The presence of industrial or agricul-

tural wastes, particularly those with high concentrations of sulphate, may

cause odour release. Odour control then becomes necessary and this may be

achieved by:

(1) Raising the pH of the pond to about 8 so that most of the sulphide—formed
by the bacterial reduction of sulphate—will exist as the odourless bisulphide
ion (HS™); under these conditions the release of the malodorous hydrogen

sulphide gas (H,S) is virtually non-existent.
(2) Recirculating the effluent from the facultative or maturation ponds to the
anaerobic pond inlet in the ratio 1 to 6 (1 volume of efffuent to 6 volumes of

raw sewage).
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Figure .. Stwabilization Pond Layout and Details
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Figure ." ~ Inler Structures for Stabilization Ponds
(millimeters)
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Source: Mara (1976). © John Wiley and Sons Ltd.; used by permission.
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Alternative Interpond Connections
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Note: Interpond connection,
chute similar to that shown in figure 21-2.
Source: Mara (1976). ©John Wiley and Sons
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Figure ' . . Quilet Structures for Stabilization Ponds

Top of bank
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. Sources: For flow-measuring chamber, Mara (1976; €John Wiley and sons Lid.: used by permission). For weirs.

OQkun and Ponghis (1975).
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AERATED LAGOON

DESCRIPTION

Aerated lagoons are activated sludge units operated without sludge return.
Historically they were developed from waste stabilization ponds in temperate
climates where mechanical aeration was used to supplement the algal oxygen
supply in winter. It was found, however, that soon after the aerators were
put into operation the algae disappeared and the microbial flora resembled
that of activated sludge. Aerated lagoons (Figure 8.1) are now usually designed
as completely mixed non-return activated sludge units. Floating aerators

are most commonly used to supply the necessary oxygen and mixing
power.

Aerated lagoons achieve BOD, removals > 90 per ¢ent at comparatively
long retention times (2-6 d); retention times < 2 d are not recommended as
they are too short to permit the development of a healthy flocculent sludge
(even so the activated sludge concentration is only 200-400 mg/l, in contrast
to the 2000-6000 mg/l found in conventional systems and oxidation ditches).
They are often useful as pretreatment units before a series of ponds; particularly
when used as a second stage of development to extend the pond capacity. In
common with all activated sludge systems, - .

Figure 8.1 An aerated lagoon [Courtesy of Peabody Welles]
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ACTIVATED SLUDGE
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DescriPTION ©F ACTIVATED SLUDGE:

Activated sludge is the conventional alternative to biofiltration. Settled sewage
1s led to an acration tank where oxygen is supplied either by mechanical agxtatlon
, or by diffused aeration . The
bacteria which grow on the settled sewage are rcmoved in a high-rate secondary
sedimentation tank. In order to maintain a high cell concentration (2000-8000
mg/l) in the aeration tank, most of the sludge is recycled from the sedimentation
tank to the aeration tank inlet. The sludge contains some inert solids but the
main components making up its loose, flocculent structure  -.... ...... are
living or ‘active’ bacteria and protozoa—hence the name ‘activated sludge

Mechanism of BOD removal

In settled domestic sewage much of the BOD is associated with the small
suspended and colloidal solids; very little ( < 5 per cent) of the BOD is due
to organic compounds present in true solution. There are two phases of BOD
removal by activated sludge. First there is a rapid initial removal by the entangle-

ment of suspended solids within the gross sludge matrix and absorption of
colloidal material on to the floc surfaces. This phase is followed by a slow
progressive solubilization and oxidation of these waste compounds by the
bacteria present within the siudge flocs.

Activated sludge systems

The conventional system (Figure 6.14 (a)) is a plug flow reactor operated with
cell recycle. Oxygen is supplied at a uniform rate throughout the acration tank,
even though the oxygen demand decreases along the length of the tank. To
overcome this waste, either the oxygen supply is progressively reduced along
the tank (this modification is termed tapered aeration) or the influent is added

in several stages, a process known as stepped aeration (Figure 6.14 (b)). In ail
of these systems the usual hydraulic retention time is 8~12 h at mean flow.
In the contact-stabilization process (Figure 6.14 (c)) the two phases of BOD
removal are separated. In the contact aeration tank a short time (0-5-1 h)
is provided for solids entanglement and adsorption; the solids are settled out

P.Q. Box 20718, 3001 JA Rotterdam
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with the activated sludge flows in the secondary sedimentation tank and then
acrated for 2—4 h to permit their solubilization and oxidation and so re-activate
the sludge. This modification is only suitable for wastes with most of their
BOD associated with suspended and colloidal solids, but in such cases consider-
able reductions in both capital and running costs results as the total aeration
volume is much smaller.

If the aeration period in the conventional plant process is extended to 18-48h
the rate of sludge autolysis increases and substantially less sludge is produced
This principle of extended aeration is the basis of the oxidation ditch

Agration tank

Sed. tank

return sludge surpius  sludge
(a) CONVENTIONAL
(b) STEPPED AERATION
1
Contact tank Figure 6.14 Flow diagrams for

activated sladge processes

Stabilization
tank

{c) CONTACT STABILIZATION

numper:
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OPERATION AND MAINTENANCE OF ACTIVATED SLUDGE

Conventional sewage treatment relies heavily on electrical machmery—-—pumps
sludge scrapers, aerators-—which requires considerable skill in mstallatxon,
operation and maintenance. This skill, particularly in maintenance, is not

readily available in many of the tropxcal developing countries; for example a
survey conducted in Kenya revealed that, outside Nairobi, none of the existing
conventional works was working satisfactorily, the most common failure being

associated with pumps and trickling filters

Qdour

In hot climate sewage can soon become malodorous (‘septic’) if sufficient
oxygen is not made available to prevent the onset of anaerobic conditions.
A higher level of odour can thus be expected in hot climates to come from
primary sedimentation tanks which are by their nature designed for quiescent
settling and not turbulent oxygenation. This odour is however almost always
masked by the even higher odour release from the biofilters. Indeed so intense
is the odour from low-rate biofilters that in many hot climates, for example
California, activated sludge plants are used simply to overcome the biofilter

odour problem.

Insect nuisance

The microbial film in biofilters is used as a breeding ground by various flies.

and midges. This is beneficial in that the larvae feed on the film and thus help
to prevent ponding. However, aithough none of the species found in filters
actually bites humans, their sheer numbers can be a severe nuisance in hot
climates: clouds of Psychoda flies can effectively stop all human activity in
and near a sewage treatment works.

numoer:
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OX\DATI\ON DITCH

DESCR\PTION

The oxidation (Pasveer) ditch is a modification of the conventional activated
sludge process.: Its essential operational features are that it receives screened
or comminuted raw sewage and provides long retention times: the hydraulic
retention time is commonly 0-5-1+5 d and that for the solids 20-30 d. The

Diteh

L—un—m-—ﬂ-——‘
pump i
Drying beds

Figure Flow diagram for oxidation ditch

f .¢-._~ o A T R TR T e :
Figure ~Typical oxidation ditch installation [Courtesy of Lakeside
Equipm_ent Corporation]

AUMmoer:
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The concentration of total S in the ditch is 30005000 mg/1; in order to prevent
the concentration much exceeding this range the return siudge flow is diverted
to the drying beds for a short period each day; this period is best determined
by operational experience (a simple field check on the ditch SS concentration
is to fill a 1000 ml graduated cylinder to the mark with the ditch liquor; if the
solids concentration is 3500-4500 mg/l the volume of siudge which settles
in 30 minutes should be about 200 mi). Alternatively the siudge wastage rate
may be estimated by considering the solids retention time (Section 9.2). BOD,
removals are consistently > 95 per cent.

The oxidation ditch was developed in Holland to provide small communities

. of 200-15 000 people with sewage treatment facilities at the same per capita
cost as conventional works serving much larger populations. At present there

| are few oxidation ditches in hot climates since waste stabilization ponds are
usually more favourable both in terms of cost and the removal of faecal bacteria
although where there is a reliable electricity supply but insufficient land for
pond they are being increasingly used (but unfortunately seldom with provision
for improving the bacteriological quality of the effluent), _

{In Europe for populations < 1000 the ditch usually sarves the dual purpose of aeration
tank and sedimentation tank; one to three times each day the sewage inlet is closed and the
rotor switched off for a period of about [ h to permit the bioflocs to settle and so produce
a high quality supernatant (during this time the influent sewage is stored in the sewer).
After settiement some of the supernatant is discharged to the receiving watercourse; the
iniet is then opened and the aerator switched on. Excess sludge is accumulated in a sludge
trap adjacent to the ditch and is removed at regular intervals (normally once a day) and
spread on drying beds. For popuiations > 1000 it is more economic to have continuous
operation by providing a sedimentation tank and a sludge return pump. In tropical develop-
ing countries oxidation ditches are unlikely to be used for populations < 1000 for which
waste stabilization ponds are usually more suitable. The type of ditch shown in Figure 9.1
can therefore be expected to be the one most frequently used in hot climates.)

[}
)
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Figure 9.4 Mammoth rotor [Courtesy of Whitehead and Poole Ltd]

latter, achieved by recycling>> 95 per cent of the sludge, ensures minimal
excess sludge production and a high degree of mineralization in the sludge
that is produced. Sludge handling and treatment is almost negligible since
the small amounts of waste sludge can be readily dewatered without odour
on drying beds. The two other major differences from the conventional process
lie in shape and type of aerator. The oxidation ditch is a long continuous
channel, usually oval in plan and 1-0~1'5 m deep (Figures 9.1 and 9.2). The
ditch liquor is aerated by one or more cage rotors (Figure 9.3) placed across the
channel; for large flows it is usually more economic to provide the more powerful
mammoth rotors? (Figure 9.4). The rotors also impart a velocity of 0-3-04 m/s
to the ditch contents, sufficient to maintain the active solids in suspension.

Figure 9.3 Cage rotors [Courtesy of Whitehead & Poole Ltd]
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TYPES NAMES OF FLow BOD o VOHUMECF miuicEkor
PLANTS (n”/dag) Cug/daﬁ) AERATOR  ioicurolns
J.OX1DATION POND HUAMARK 416 42.4 6460 5%9¢
2. AERATED LAGOON RUNGSIT 1040 to5 1155 (424
3.ACTIVATED : MUAYUWANG 3061 494 460 3360
- SLUDGE RAMTINTHRA 14% 30.7 o1 §12
KLONGEHAN 4791 [%0.9 5000 6459
TASAL 1330 (064 1313 1414
PIGOONWATIANA |2 T4 ° 220 4\0
DINDAENG 863 1o %0 - 1020
4. OXIDATION DITEH  PRACGHANIVET 2563 q3 4003 45%4
BANG-BUA 5%4 62 1613 {214
BANGNA 562 6\ 29%0 1656
‘ TOTAL 22930
TABLE SUMMARIZE D oF SOME MAIN CHARACTERISTIVCS

OF SoMG TRFEFATYMENT PLANTS ' NHA-

| number: 5$ .
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BANGKOK METROPOLITAN AREA

AIRPORT : .
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=z 2 HUA ‘MARK 6.5 xm.
:.,......-.-.._,__. ‘3 HUAY KWaANE $ XM,
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.,€|“- .. I‘ *
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OX\DATION DIT¢H AT BANGBUA

CommunN\TY

OX\DATION DITCH AT BANGNA

COMMUNITY
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FLOATING AERATOR TYPE IN
EXTENDED ACTIVATED SLUDCE AT

RAR-INTHRA COMMUNITY

ACTIVATED SLUDGE AT KLONGEHMAW

COMMUNITY
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CONVENTIONAL PLUG FLOW
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ACTI\VATED SLUDGE AT TASA\

¢oOMMUNITY
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Ad;antzgu and Disadvantages of Onsite Wastewater Disposal

Advanrages

The economic advantage is the low cost to governments because the cost
is borne by the user. A singlesystem failure constitutes 2 low hazard to the
environment and, as will be shown, the system fails gradually, thus providing
advance warning. The low hazard level stems from the fact that family sewage
never contains pathogenic organisms unless one or more of the family or their
guests excrete pathogens.

City sewage usually contains pathogens because of the probability that
out of about 100,000 people, one person may be ill. Properly functioning on-
site disposal systems do not discharge an effluent to surface waters, and few
treatment plant operators are required because of limited accompanying
sampling and chemical laboratory analysis, laboratory equipment and toxic
chemicals for analytical work. Onsite systems have lower energy consump-

"tion and water use, and produce less sludge. This sludge is also more suitable

for soil conditioning.
Disadvanteges

The greatest disadvantage has been the land area required to dispose of the
wastewater generated. How much land area is really required and what soil
conditions are suitable has been studied for over 100 years. The approximate
land area required is shown in Table 1-1.

The second disadvantage is that the homeowner does not always look after
the system. Problems may arise if repairs are not carried out economically
and promptly. In some cases groundwater has been polluted by improper
location and installation of onsite systems.

The onsite system suffers more from technological development than large
sewage treatment plants. The improvements developed by researchers and
industry are difficult to implement because onsite systems need local ap-
proval. Onsite systems are controlled like plumbing and electrical installations,
i.e., regulations are written in such detail that few innovative ideas or designs
can readily be accepted. The incentive to improve is minimal because no cost
advantages are allowed through smaller land area requirements and better
designs. The local codes are the design and are widely accepted as the best
available or workable technology.
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An algorithm, which can be used as a step-by-step
guide to the selection of the most appropriate
sanitation technology for any given community in the
developing countries, is presented (in stages) through-
out figures 9-1 through 9-.3. The algorithm is intended
only as a guide to the decisionmaking process. Its main
virtue is that it can stimulate engineers and planners to
ask the right kinds of questions, the sort they may not
ask otherwise, Some of the answers to these questions
can only be obtained from the intended beneficiaries

Co- -.. Although it is believed that the
algorithm is directly applicable to most situations
encountered in developing countries, there will always
be the occasional combination of circumstances for
which the most appropriate option is not the one the
algorithm suggests. This analytical device should not,
therefore, be used blindly in the place of engineering
judgment but, rather, as a tool for facilitating the

critical appraisal of various sanitation options, espe--

cially those for the urban and rural poor.
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The selection process starts, in figure 9-1, by asking
if there is, or soon will be, water supply service to the

‘houses under consideration. This is a critical question,

since its answer immediately determines whether
conventional sewerage is a possible option or not. If the
water supply service is through house connections, if
there are no social or environmental reasons for
excluding sewerage, and if it can be afforded-—then
conventional sewerage is chosen (unless there is
sufficient land and less cost for septic tanks with
soakaways). Septic tanks with drainage fields would
be the technology of preference where water-saving
appliances—such as cistern-flush toilets using less
than 1 gallon (3.8 liters) of water—can be installed to
make them feasible.

If a community does not have, and is not likely to
have, house water connections, then cistern-flush
toilets and conventional sewerage cannot be used. If

sullage generated on site is sufficient (> 50 liters per
capita daily) to enable a sewered pour-flush (PF)
system to function satisfactorily, a sewered PF system
can be used provided that: it is cheaper than
alternative systems with separate sullage disposal
facilities or the users, or the municipality are willing to
pay the extra cost, and there is no overriding social
preference for night soil to be collected separately for

subsequent use. If the sewered PF system is not
appropriate, the choice: lies among the various on-site
excreta disposal technologies with appropriate facili-
ties for the disposal of sullage (see the selection
process for these in figure 9-2).

If double-vault composting (DVC) toilets and three-
stage septic tank systems cannot be used, the choice
lics between ventilated improved pit (VIP) latrines,

R?cd Odorless Earth Closets (ROECS), PF toilets, vault
toilets, and communal sanitation blocks as determined
by the algorithm in figure 9-3.
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Figure 9-1. First-stage Algorithm for Selection of Sanitation Technology
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Figure 9-3. Third-stage Algorithm for Selection of Sanitation Technology
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1.2 INSTITUTIONAL - ORGANIZATIONAL - MANAGEMENT

’ RE&U»R!F\:NTS.

There is very often a lack of clearly delegated
responsibilities and accountability for operations
and, particularly, for maintenance activities;

In many authorities responsible for  O&M, a
"management by crisis" situation exists. Basic
information on assets and their conditieon is not
available, and systematic strategies and plans for
management of operations and  maintenance rarely ..

exist. More often than not, inadequate management

is the fundamental cause of deficiencies in 0&M;

Central-local government relations .play important
roles in two areas: (i) ad-hoc mechaniswms for grant
allocation hamper systematic planning and budgeting
of O&M at ‘the local level; O&M financial resources
clearly need to be generated at the local level to a
much higher degree, particularly through improved

cost recovery; and (ii) national or regional
government decision makers dre often isclated from
the operational realities of local authorities;

therefore, maintenance at the local level often gets
little too consideration’ in the planning and
budgeting cycle;

Institutional arrangements whereby one authority is
responsible for planning, design and construction of
assets and another (usually local), for O&M are
often unsatisfactory. Problems arise when local
authorities are insufficiently involved in the
design process, and are unprepared to assume the O&M
responsibility, because their institutional strength
was not adequately assessed and because
maintainability and ease of operations were not
adequately considered in design and specifications;

Inefficiency and low productivity in operations and
maintenance work carried out by direct labor,
suggest that depending on the degree to which the
private sector is able and willing, there may be
substantial scope and potential for contracting

out activities to the private sector or privatizing
suitsble infrastructure service functions;
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<3 PERSONNEL ~ TRAINING RESUIREMENTS

lLow pay scales and lack of incentives make it
difficult for local governments and even parastatals
to retain qualified and motivated staff, and very
low productivity very often is the result. There is
frequently over~staffing in the lowest echelons,
while vacancies exist in critical managerial and
supervisory posts. There are pronounced needs for
training of local staff at all 'levels 1in local
authorities, particularly those -engaged in 0&M
activities, because this is an area where
educational institutions have very often failed to
provide adequate pre-service.training;

The field of maintenance is a professional backwater
in many countries and does not attract a high

caliber of staff;

LA FINANCIAL REBUIREMENTS

Local resource mobilization is geperally highly
inadeguate; cost recovery through taxes, fees and
user charges does not sustain adequate levels of

expenditure, particularly in the area of
maintenance. Available resources are often fully
committed to payroll and essential operating

expenses like power supply which have to be met to
avoid disconnection and complete halt of operations;

However, in many instances, the problem is not so
much insufficient outlays on O&M as it 1is the
inefficient utilization of the funds which do get
allocated’for these purposes;

Inadequate budgeting and cost accounting systems
lead to a situation where funds are not sufficiently

earmarked for specific O&M functions and where
actual resource requirements for specific 0O&M tasks

cannot be isolated to, facilitate effective

management and monitoring;
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It was forcxbly brought out in a stud) of the management
of servzces in 9 to\.\:.n; :n:.t ree states undcrtaken by the Nai'xon'a‘l '
Instxtute of Urban Affaxgs-—that the local bodies were not effective
even in the delivery of the avaxlable services. The water avaxlab_le
‘for distribution was not put to efficient use and the installed capa-
cities were uniformly underutilised. The utilisation ratio of raw
water ranged from 52 to 36". This was partly due to the irreguiar
supply of electricity, non-availability of spare pumpsets and absence
of repair [acilities for pumps. The unserved parts of the city
ranged from 54 to 9%. The per capita water supply ranged between
42.9 litres pef day to 133.5 litres, and the aversge supply was lower
than the' technical norms. Proper treatment facilities for raw water
were not available in many of the towns, and water was insufficien-
tly treated due 'to shortage of chemicals, [ilters etc., and periodic
maintenance. There were consideroble disparities in terms of water
supplied in different ‘zones of each city, ranging from. 25 to 90,
of the population in the zone. The principal victims of the quanti~
tative and qualitative inadequacies and spatial disparities were the
poorer sections of the populr.".tic;n. About 5 to 23% of :the water
was supplied through unmetered standposts for which the local Lody '

reccived no revenues. Apart from this’ leakage of revenue, there
P — e e - R

vere significant losses of water at the stage of pumping, distribution

and storage, and this can g0 upto as much as 307 even in- a city
like '30mbay There is_also no sensitivity on the ‘part of the local

bodies to market the water services by securing data on the type

of consumers, their income profile, requirement of water price and
demand elasticities, tariff threshold etc., and the costs often bore

no relr.-.non to the revenue realised.
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The other side of the picture is the phantom distinction

between capital gnd maintenance expenditure, leading to inadequate

provision for maintenance of assets. In 1972-50, the total ordinary

incormme of all the municipal bodies was about 8654 million while
total expenditure was just under £535 million. The surplus is more
indicotive of the statutory -reguirement to keep a show of surplus

in the budget thanof affluence. There are definite indications of

weakening of . the municipal resource structure over the past.two

decades, as well as their insensitivity to rising urban incomes. A,
study made by the NIUA in 19527 showed that ¢ven in teérms of
tolerable norms for b':.lsic. services, the municipslities are simply not
providing an adequate level of services in terms of expenditure or
coverage of population. It was estimated that Lhe total replacement
value of existing urban infrastructure excludiné transport was in
the range of $19,000 million in 1981, while the avefage maintenance
Hébility at the assumed ‘cost of 10% for meaintenance is around
S1000 million, as compared with the total resources of $554 million
zll of which is certasinly not avasilable for mzintenance. The NIUA’B
estimated that the local bedies reguire a sum "of $815 million to
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the planning and exccution of necw scrvics to specialised agencies;
b) the failure to build in urban dcvejopment plans a committed
pravision for the effective maintenance of assets created by Plan
investment; c¢) failure to link cost recovery for services not only
‘with the total “queéstion of fesourcé Tobilisation, ‘But’' With systéfms’
of design and -provision .of shelter and basic services that facilitate
involvement of beneficiaries at 2ll levels of execution, and c'i)'failure
to strengthen the fiscal and managerial capability of the agencies
in charge of basic services, arfsing partly from the political and
bureaucratic perception of mazintenance as an unglamorous function.
Some cities have, however, shown their realisation that maintenance
is a developinent priority and has to be seen in the broad context
of urban management. The projects in these cities seek to find
a balance between financing new public works and providing resour-
ces to ensure- that existing services function. At the national level,
. the Task Force on Financing Urban Development‘ recognised that
the two problems to be tackled were: a) the separation of respon-
sibility for urban 'development and maintenance to be resolved by
integrating the municipal and state planning process for _allocating
plan funds for urban develop:nent,. and (b) to harmonise in a fiscal
sense the municipal budgets. with the plan and non-plan budgets of
the state, to be resolved by undertaking exercises to determine the
pattern of systemastic and predictable devolution of state funds for
local bodies, zlong with grester resource mobilisation by the local

bodies theniselves.
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1.5 BLONOMIL - S06IAL REGUIRRMENTS

.
)

?oorly maintained and unreliable urban
infrastructure and service delivery systems hamper
public and private sector productivity. They
thereby affect cities’ capacity to act as driving
forces in their regional economies and, in turn, in
the national economy of the countries concerned;

Lack of maintenance has direct and sizeable effects
on the balance-of-payments. Inefficiegz_operations

and.maintenance result in waste of scarce imports,
€.8., energy and chemicals, premature peeds for
replacement of imported spares, ~and in
rehabjlitation works, which often have substantial
foreign currency components.

The O&M problem has an important dimension of equity
because the urban poor are the most wvulnerable to
deficiencies in Q&M. =~ They often live in urban
fringe areas or marginal lands with poor access
conditions and with infrastructure and  utility
services not in place, or at best, provided in a
haphazard manner which adversely affects systematic
0&M efforts:; also, because of their low income, they
(in contrast to more affluent population groups® who
can affoerd private sector-provided alterpnative
services) have no alternative than to rely on these
inadequate public services; . '

Community participation in the area of O&M works
well in a number of <c¢ases. and has =a further
potential in many <countries, but it requires
planning and monitoring efforts by the responsible
public authorities, and will only succeed where
there is political will and systematic follow-up;
its success depends very much on local demand, the
required community inputs and participatiom of the
design stage (very often areas such as health
education are a first step towards promotion of
community participation).

numper:

P.Q. Box 20718, 3001 JA Rotterdam




INSTITUTE
FOR
HOUSING
STUDIES

E

2

™

Lo TECHNILAL RESUIREMENTS

Equipment for operations and maintenance is
frequently inappropriate for developing countries,
and decision-makers often have a low level of
appreciation of the importance of appropriate
technology in O&M. Specified equipment is often not
suitable for use in environments characterized by
labour intensive work methods; in many cases,
unco-ordinated development efforts by different
donors have resulted in the proliferation of a wide

range of unstandardized egquipment systems. Spare
parts are frequently unobtainable; consequently

costly vehicles and equipment are cannibalized to
obtain parts for other units; For example: Solid

‘waste collection vehicles are mostly not designed to

enter narrow’ alleys in urban centres or poorly
accessible areas in the urban fringe; mechanical
street sweeping vehicles are inappropriate in areas
where manual street sweeping and drain cleaning are
much more effective because of low labour costs and
the current state of road and drain maintenance;
mechanical compactor trucks are inappropriate where
solid waste has high percentages of organic matter
and moisture c¢ontent; lastly, the worst situation
for a cash - and foreign exchange - stripped local
authority is to have many different makes of
vehicles and equipment for which spares have to be
imported from many different countries - often
following tedious customs and foreign exchange
regulations in each case ; '

Materials for maintenance are often inappropriate
because requisite standard specifications,

laboratories and testing facilities are not
available, the required construction/0O&M supervision

is inadeguate, and because foreign exchagge to
procure even simple imported materials is not

available;
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Urban. services are
technical/functional levels, and

strongly interdependent at
require coherent,

coordinated O&M efforts across several service

sectors, e.g., road
management are

maintenance and traffic
severely affected by un-coordinated

diggings for water mains and by pipe trenches which

are not properly reinstated;

efforts to improve

public health may be Jjeopardized by stagnant water

caused by failure

to properly maintain drainage
drains do not function properly without a

systems;
proper street sweeping .and garbage collection
system, etc. There are many such interlinkages

which underscores the need to address 0&M problems
in a_ broader urban management context; many
interventions in the past “to improve 0&M have not
succeeded because they were too narrowly focussed on

individual service sectors;

.7 POLLITICAL REBUIREMENTS .

Particularly maintenance often has a low priority
on the agenda of political decision makers and other
executives of local authorities because it is not
perceived as being as politically "visible”" and
"glamorous" as new capital works;

The fact that maintenmance 1is frequently under-
funded, may in part be the result of a lack of

understanding of the costly downstream consequences,
botb in financial and economic terms, of neglecting

maintenance;

One of the principal reasons for inattention to O&M
is the pervasive informal "commission"” system at
work in many countries which on the one hand often
favors attention to major contracts for new capital
investments and on the other hand sometimes lead to
situations where allocation for O0&M become "slush

funds" for inappropriate uses.
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(L8 EXTEANAL SUPPORT AGENGY POLICY

AND PRACLTISRS ARESUIREMENTS.

International development agencies may in some

" the world), sometimes

cases, have biased borrowers/recipient countries

against maintenance, becauses of their policy to lend
for capital investments with little support for
recurrent costs; the response may be in strategic
sector adjustment landing rather than lending for
recurrent costs which, ultimately, are a recipient

country obligation.

limited expertise on Q&M available

There is rvather

in the consulting profession; twinning arrangements

(i.e., a professional relationship between a local
authority in a developing country and a similar but
more experienced organization in a different part of
assisted by consultants, have
in a number of cases proven to be a successful
mechanism for technical assistance delivery in the

area of O&M.
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CAND. MAINTENANCE  oF SANITATION SYSTEMS.
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Project Title:

OPERATION AND MAINTENANCE ASPECTS QF SANITATION SYSTEMS IN LOW INCOME
SHELTER AREAS.

Location: India and Thailand

Duration: 24 months

Sector: Infrastructure, appropriate technology
Total costs : Dfl

Regq. contribution: Dfl

Own. contribution; Dfl

Third parties : HUDCOQ/HSMI, India
NHA/CHHSS, Thailand
CMU, Thailand

10.

Summary of project

More dnd more developing countries faced with severe resource constraints have opted for
low cost sanitation solutions to abate insanitary conditions in low income shelter areas (in
which 30-50% of the population lives). As such during the last ten years au increasing amount
of investment has been made in this sector. Lately it has beome increasingly clear, however,
that due to inadequate attention devoted to issues of operation and maintenance ( which was
thought to be of no significance or simply as an individual household problem) valuable
assests created are becoming i‘noperable and often damaged beyond repair.

Therefore, unless these operation and maintenance issues are addressed adequately the entire
basic urban sanitation programme will be put in jeopardy (thus leading to the continued bad
environmental conditions for the urban poor) when third world institutions would opt again
for the installation of conventional high cost solutions only. This would result in a much
lower coverage and- whenever undertaken - would generally only be installed in affluent
areas which can afford them.

This research will systematically look into the factors and quantify those factors which
determine the adequacy of operation and maintepance of the various sanitation options for
low income shelter areas in the Asian region. Due to the variety of climate, soil conditions
-and sanitation technologies used, India and Thailand have been selected as representative
study countries for the Asian region

Pro;ect Ob]CCtIVCS
To review operation and maintenance aspects of on-plot and off-plot sanitation
systems in low-cost housing and slum upgrading schemes within the overall context of
the complete physical housing related infrastructure package.

* To review the use and performance of these systems.

* To obtain observations on operation and maintenance of the sanitation systems from
various user groups, including men, women and children.

* To establish long term requirements including investment requirements for the
operation and maintenance of these services and facilities.

* To formulate operational recommendations for the planning, design and

implementation of future low cost sanitation schemes inc¢luding site specific
. conditions.
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14.

Diract results to be expected.

* Status report on operation and maintenance requirements of different sanitation
systems.
Status report on the performance of different sanitation systems.

* Design recommendations and guidelines with its related operation and maintenance

requirements of sanitation systems for low-income sheiter areas.

Summary of main activities:

The selection of the research project areas ( app. 15 in India and 8-in Thailand). To conduct a
technical and environmental field survey for 20% of these sites, analyse the collected data,
conduct an in-house review seminar. Based on the experience, ¢xecute the main survey based
on the review seminar, establish the performance and operation and maintenance
requirements of the different schemes. The production of an interim report for seminar
submission. After review a final report with guidelines and recommendations will be
submitted. :

Finances:
Total finances required (DGIS) DfL (see attached budget sheet).

Relevant documents:

HSMI, ISHP brochures

THS, IRC brochures

HUDCO/HSMI letter of intent

CMU letter of intent

NHA letter of intent

Sulabh International articie from Habitat

The Urban Edge, December 1987, World Bank, Washington D.C.

Responsible institutions and project curdinators:

Principal Investigator
Institute for Housing Studies (THS), Rotterdam.

Coordination: GJW. de Kruijif
M. Jansen
H Mengers

Supporting Investigator
International Reference Centre for Community Water Supply and Sanitation, {(IRC), The

Hague.

Coordination: J.T. Visscher
J. Wilson
M. Boot
India- HUDCO/ HSMI Indian Human Settlements Programme.

Sanjib Sarma
Suresh Dave

Thailand- National Housing Authority (NHA)
To be appointed
To be appointed
University of Chiang Mai (CMU)
' Thanintorn Sankhasilapin
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Research Title:

OPERATION AND MAINTENANCE ASPECTS OF SANITATION SYSTEMS IN
LOW INCOME SHELTER AREAS,

Introduction:

The issue of operation and maintenance of basic infrastructure in developing
countries is of global significance. The role of operanon and maintenance of urban
infrastructure (roads, water supplies, electricity, sanitation, drainage,
telecommunications) becomes apparent when it is understood that in almost all
countries, more than 50 perceat of gross domestic product is produced in urban areas
and is steadily increasing, Inspite of this and the obvious need to maintain urban
productivity and its contribution to the Gross Domestic Product of the country, the
operation and maintenance responsiblities for the efficient functioning of the
aforementioned public infrastructure regularly has not been taken seriously enough

Also in many developing countries natiopal ministries are the prime decision makers
in the investment planning, programming and the implementation process, whereas
local governments are left with the responsibility for the operation and maintenance
of infrastructure networks and facilities, in the development of which they often had
hardly any say or contribution.

Further governments often cannot kesp up with the growing demand for the
provision of infrastructure services. This is partly on account of rapidly rising
population densities and partly due to a vastly proliferating urban sprawl

The result of these developments is an ail around detoriation in the quality and the
adequacy of the urban basic services supply. This in turn on the one hand creates
socio-political pressure on authorities to service the mushrooming urban sertlements
and on the other a rapid depletion of investible resources- thus leading to the
unescapable situation that low cost solutions have to be arrived at. In this dual
challenge however the issue of adeguate operation and maintenance is often delegated
to a less important position with generally inadequate or even nil resource allocation
and/or institutional responsibility. The people which are then ultimately worst
affected by these conditions are those who live in the low income shelter areas.

This has led many experts to conclude that it may be easier to support high unit-cost
investments rather than to enter the unknown subject of lower cost technologies with
unquantified operation and maintenance requirements. On the economic and financial
side this has led to greater attention to the methods of life cycle costing and attempts
to understand the long term financial implications of technology and investment
choice, These exercises, however, in absence of relevant field data have bezn largely
academic in nature.

The particular operation and maintenance problems suggest that technology design
must reflect an appreciation of the need for operation and maintenance from the
outset both by the users and the responsible agencies. While it is unreasonable to
expect for example that sewage treatment plants would be maintained by community
workers, it may be possible as a result of technology selection that the operation and
maintenance probiems can be shifted from public to private responsiblity.

L}



The investment process in developing countries during the 70's assumed that better
project selection, more careful appraisal criteria, and better supervision of project
execution could all contribute to the full economic benefits of investment. However,
other conditions also have to be met for reaping the full benefits of development
cfforts. Indeed, investment in inappropriate technologies without users involvement
and operation and maintenance may in fact be worse than no investment at all. It
raises expectations of a higher quality of life and higher productivity. In the absence
of proper use and operation and maintenance, however, those expectations may be
shortlived. This in turn leads to frustration and can become counterproductive.
Inadequate operation and maintenance may also bamper hygienic use of sanitation
facilities and add new heaith risks.

For example in the case of pour- flush on-site saniration provision with double
leaching pits the users were not made aware of the specific requirements of the
system. Users disposed all waste water into the pit which could not absorb these
amounts and started to overflow. Connections were made to the second pit, which also
started to fill up rapidly. The principle of alternating pits was therefore disbanded. As
a result of the flooding the population was brought in direct contact with pathogenic
material In the interim, the inhabitants own immune system had weakened and
became less able to resist infactious diseases. Instead of health improvement with its
related benefits, the opposite was achieved.

Specific Relevance:

Increasingly over the Jast decade it has been the experience that sanitation services in
Low Income Shelter areas have not been operated and maintained adequately, On the
contrary, many services have fallen into disuse for reason of early failure and /or
misuse. This generally resulted into a (much) lower service level to the target
population than anticipated in project plans. At the same time this caused serious
scepsis amongst policy makers, executing agencies and benpeficiairies as regards the
systems applied.

This research will systematically look into the factors which determine the adequacy
of operation and maintenance of the various sanitation options for Low Income
Urban Shelter areas with the main objective to provide better design critaria and
assessments of long term operation and maintenance requirements,

A main principle of any low cost sanitation system - besides being technically sound -
is to provide a system that can be operated, maintained and managed by the
community and/or local government organisation. There is however not a good track
record in this respect. Generally emphasis has been placed on the construction of
services rather than establishing well-operating self- sufficient systems. QOften too little
attention has been given to arrangements for operation and maintenance, to user and
agency training and to the availability of the required equipment.

Problems of this kind often surface only after several years (such as when the time
bas come to desludge the leaching pits) but then become serious enough to jeopardize
the functioning of entire schemes. Hence the need of including sanitation schemes of
both recent and older date in the study.

During the last decade an increasing number of Low Income Shelter projects in India
and Thailand have been provided with low cost on-site sanitation schemes, such as
Pour-flush toilets,




India

India has made a real pioneering effort both through Government agencies and Non
Government Organisations. During the years 1983 - 1984 the Indian Government
adopted on-site sanitation technology as the prime alternative for sanitation in Low
Income Shelter areas. All towns below the size of 100000 people qualify for on-site
sanitation only in order to both increase coverage and remain within the affordability
ranges of local governments and beneficiairies alike. (See Urban Edge, December 1987
article)

In line with this policy the main financer of Low Income Housing in India, The
Housing and Urban Development Corporation, (HUDCO) adopted this technology as
the first choice for its shelter programmes. Another major motive behind the
development of on-site sanitation schemes in India is the national programme for
Liberating the Scavengers, ie. to abolish the manually cleaned toilet systems (bucket
latrines) and the creation of meaningful alternative employment for the job

loosing scavengers. The NGO Sulabh International is a main pioaneer in this respect.
The work of Sulabh and the technologies and arrangements applied have found
nationwide acceptance. (see Low Cost Sanitation Project in Bihar in India)

Since then a large number of schemes have been planned and implemented based on
this technology all over India, This nationwide application in such a vast and varied
country naturally is faced with a large variety of circumstances and conditions under
which such schemes are implemented. As such 2 large body of experience both
positive and negative is being gained which urgently awaits compilation and
evaluation for subsequent feed-back into the planning, design and implementation of
new schemes. To date relatively little monitoring has besn done of the schemes
thusfar implemented. When monitoring takes place this is mainly restricted to the first
two years of use of the services. This may have to do with the fact that sanitation
schemes once constructed rarely remain the responsibility of the agencies responsible
for planning and construction.

Lately HUDCO with its expanding project financing in low cost sanitation is now
devoting increasing attention to generate feed-back for policy reformulation as well as
to identify fully the technical and socio-economic implications of adopting these
alternative basic sanitation technologies in projects financially assisted by it. This
research proposal is a result of this concern and will upgrade its capacity to pursue
policies which help maintain the assets once created.

Just recently HUDCO through HSMI has undertaken some modest research in the
field of user response towards Low Cost Sanitation Conversion schemes. It is felt that
the proposed research would complement and corroborate the findings of the said
research. It would also hclp in further strengthening HSMI's capacxty of conducting
such larger scale research in future.

It is foreseen that the conduct of this mentioned in-house research would form a very
good reference in establishing the proposed larger programme of research.

Thailand.

In Thailand the National Housing Authority (INHA) is involved with physical
improvements of over 100 slum upgrading projects, for a substantial part financed by
World Bank loans. Furthermore it constructed over 100.000 low cost housing in
Bangkok and in the smaller cities of the country. Its annual production volume is




targeted to average some 10000 units for the coming five years. On-site sanitation has
also gained in importance. The National Housing Authority has been applying a
variety of technology choices often quite challenging for example in flood-prone
conditions. In the course of time the NHA has been shifting from centralised sewer
schemes to on-site or partly on-site solutions, all of which have now been in place for
four or more years. As such they offer an interesting agency of field situations for
observation and evaluation. : '

It is the policy of NHA that housing and infrastructure schemes after 5 years are
entirely taken over by local government. So far this has not taken place smoothly.
Local governments are unwilling to take:over these schemes due. to unknown and
unquantified operation and maintenance requirements. A study on the aspects of these
requirements for urban infrastructure items is urgently required.

At the moment the NHA is reviewing and updating its planning and design criteria in
the light of the experiences gained over the years since they were last formulated (for
most standards this is more than § years ago). The main challenge remains to offer
sound, well-working systems which are both affordable and functional on the
immediate and the longer term. Furthermore they should offer the possibility of
upgrading over time in line with rising densities and service demand.

The Engineering Faculty of the University of Chiang Mai has recently decided to
incorporate a Low Cost Infrastructure (L.CI)component in its civil engineering.
curriculum, It plans to develop its teaching capacity and material on real field
experience and therefore included issues of LCI in its regular research programme,
The University is also involved in so-called service to the community, in which factual
help is offered to communities in better understanding and tackling developmental
problems. The Engineering Faculty will include the applied research activity as an
optional practical field research for the 4th year engineering studies. The University
of Chiang Mai largely caters to the regions outside Bangkok, notably the Northern
provinces of Thailand. It is these provinces which largely feature medium and smaller
townships which of late have become targets of national development in order to help
contain migration to the principal city of Bangkok.

General considerations.

Sofar selection of sanitation technologies have primarilly been made based on the
direct investment costs and far less on long(er) term operation and maintenance
considerations. At present a lot of schemes are still developed based on the

initial assumptions regarding technical functioning and user response, which in actual
practice not rarely have proven to be different, hence calling for users involvement,
design modifications and different arrangements for operation and maintenance.

Systematic research in these areas is deemed to provide most valuabie information for
future planning of sanitation schemes within the larger context of housing related
infrastructure. While carlier research projects have primarily adressed sanitation
design and technology aspects, this project will provide a logical follow up of these
earlier research activities. The research will evaluate operation and maintenance
requirements of sanitation technologies as used in India and Thailand. These
technologies are primarily based on wet disposal techniques such as, sewerage, septic
tanks and pour-flush toilets on single and double leaching pits which are widely used
in Asia. The information obtained will also be relevant for other countries in the
region.
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Relevance for Dutch bilateral technical cooperation programmes:

The Netherlands through its bilateral technical cooperation programmes is involved in
a large number of Water Supply and Sanitation projects in India and other
"programme” countries (Indonesia, Pakistan, Tanzania, Kenya etc). In these projects
the concern of both the receiving country and the donor agency has gradually shifted
from intitial construction to long term viability, functioning and use of these
infrastructure services. It is also in this context that sanitation is seen as an
indispensable complement of water supply and housing improvement schemes, now
receiving due recognition. Both elements together now enjoy increasing attention both
within bi-and multilateral programmes in respect of their long term operation and
maintenance aspects.

As regards the technology selection and operation and maintenance (O&M) activities
the realisation has grown that this should be undertaken - where possible - through
cooperation and participation of the direct beneficiairies in order to enhance correct
usage and prevent disuse, misuse and overburdening of the government budgets with
recurrent expenditure. Users involvement has proven to be essentizl to enhance
feelings of responsibility as regards the functioning and use of the facilities. It further
helps to develop community awareness and receptivity to wider health and social
programmes (Mother-and Child care, alphabetisation programmes etc).

Research Objectives:

The general objective of the research is to define improved design criteria and assess
long term operation and maintenance requirements of various sanitation options for
low income shelter areas in the Asian region. The immediate objectives are:

* To review operation and maintenance aspects of on-plot and off-plot sanitation
systems in low-cost housing and slum upgrading schemes within the overall
context of the complete physical housing related infrastructure package.

= To review the use and performance of these systems.

* To obtain observations on the operation and maintenance of the sanitation
systems from varjous user groups, including men, women and children.

* To obtain observations on operation and maintenance of the sanitation systems
from local agencies and staff responsible for on-plot and off-plot sanitation
and community health.

* To establish long term requirements, including investment requirements for the
operation and maintenance of these services and facilities.

* To formulate operational recommendations for the planning, design and
implementation of future low cost sanitation schemes including site specific
conditions.
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Research Methodology:

A large part of the research will be undertaken in India, Due to the sheer size of the
country, the diversity of climate and conditions and the good availability of
documentation on past projects it is felt that India can provide a rather broad and
varied experience. Thailand at the same time would offer a largely different set of
socio-economic characteristics and physical context. Both country studies together
would offer most interesting pointers valid for the whole of the South and South-east
region, though it is felt that adding further country cases would certainly enrich the
overall research findings.

In India a not yet defined number (say 15) of low cost housing and slum upgarding
schemes will be selected. In Thailand app. 6-8 of these areas are considered as a
representative sample for the different sanitation technologies in use under a variety
of circumstances. The age of these schemes will be in the range of 510 years although
some older and younger schemes may be included.

A technical and environmental evaluation will be carried out on the present condition
of the sanitation systems with due reference to historic developments and the
condition of related facilities (s.a. water supply) Users of the different sanitation
systems will be interviewed. Emphasis will be put to involve users groups (men,
women and youth), community leaders, community level workers and responsible
agencies in the longer term evaluation process.

The main structure and specific objectives of the research will be further defined,
whereby suitable categories of sanitation schemes will be established for which
representative cases will be selected for the longer term evaluation process. During a
period of approximately two years (but preferably continued for a longer term beyond
this research) the operation and maintenance performance will be monitored

Phasing and organisation of the research:

For further information is attached a planning and manpower barchart. In the first

* phase formal agreements will be established with HUDCO and NHA and a detailed

workplan will be formulated. A review of relevant literature and detailed discussions
in the two countries will form the bases to refine the specific objectives and to
establish suitable categories of sanitation schemes for which representative cases will
be identified. A workshop will be organised to discuss and agree upon the the survey
methodology and possible checklist Likely variables will include city size, scheme
size, topography, geology, community and economic characteristics, type of scheme
(Agency built, Sites & Services, Core Housing, Slum Upgrading), type(s) of facilities
(Individual, Communal etc). After a review of these sites a sample will be drawn of 34
sites in India and 2 sites in Thailand for a further pilot investigation. ( Month 1-4).

In the second phase the field work will be conducted for the pilot survey areas, the
data compiled and analysed. Training will be provided to the surveyers at the start of
this phase. ( Month 57).

In the third phase the results will be compared for the pilot areas. Based on the pilot
survey a review seminar. will be conducted, which will functlon as the starting point
for the remaining survey areas. ( Month §)
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In the fourth phase the field work will be conducted in the remaining survey areas,
data compiled and analysed. ( Month 9-16)

In the fifth phase the results will be compared, the conclusions written and draft
recommendations made, (Month 17-20)

In the sixth phase the results will be discussed in national seminars with a wide
audience of agencies and individuals involved and final recommendations drawn up. A
final report, with the combined findings of the two countries, suitable for
international distribution will be published. This report will be presented in an
international meeting, (Month 21-24) :

Interim conclusions and recommendations - where possible - will be communicated in
an early a stage as possible to implementing agencies (notably HUDCO and NHA) for
early incorporation in the planning and design process. Recommendations will be
developed for long and-longer term monitoring of the schemes to enable future
planning design and organisational adjustments in the light of future findings and
technological and social developments.

Executive Framework:

- The Institute for Housing Studies will act as the principal investigator and coordinator

of the research project It will assist the National research organisations in their
research programme and ensure sufficient coordination between the national
organisations of the countries.

The International Reference Centre for Community Water Supply and Sanitation will
assist in the coordination and in the training aspects of this research project.
Experiences obtained with the IRC research and demonstration projects will be fuily
utilised.

The research project is structured in such a way that intensive participation and
guidance by above mentioned organisations is only foreseen for phases one, two ,three
and six. For the other phases IHS and IRC will function primarily in a facilitating
and coordinating role.

India

In India the research work will be conducted under the aegis of the Housing and
Urban Development Corporation (HUDCO) of India. This is a subsidiary organisation
of the Ministry of Urban Development of the Republic of India. HUDCO recently
established a high level Low Cost Sanitation Committee with the purpose of

critically reviewing and promoting Low Cost Sanitation technology in all her Low
Income Shelter programmes. This research proposal therefore strongly supports local
interests.

For the day-to-day follow-through the research will be managed by the HSMI (the
HUDCO promoted Human Settlements Management Institute), with which the THS
has a long standing cooperative agreement. (training and research since early 1985
through the Indian Human Settlements Programme - JHSP).
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