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f unary 

Sine* rapid urbanisation i s straining the already 
overburdened water supplies in aost c i t i e s of the developing 
world, nev sources Bust be found, developed and piped into 
consumption areas, and current supplies conserved, within a 
strong and well-balanced water management framework. Adequate 
development and use of water resources—in both the urban and 
national settings—cannot be achieved unless proper legis lat ion, 
administration, research, technological innovations, education, 
and professional services are provided. 

Pursuing a dynamic policy of water management can bring 
about significant savings for any nation in every aspect of water 
development and i t s ef f ic ient distr ibution and use. Governments 
and urban decision Bakers should consider factors such as 
population growth, rapid urbanization, industrial developaent, 
and expected future demands on water consumption in any 
evaluation of water management needs. However, water demand 
management at the public system and at the household levels must 
receive priority in planning and inevestment programs. 

Although general conditions in one country or region may 
d i f f e r from those in others, there are certain areas of 
s imi lar i ty . With some modifications, the principles, methods, 
and techniques that have been developed or implemented 
successful ly in one place may be adapted to many others. 

Experience shows that enl i s t ing science and technology in 
the service of water economy can help find solutions to many of 
the problems arising in this f ie ld . For example, advances in 
water piping appliances and monitoring mechanisms and their 
e f f e c t i v e implementation can delay the construction of nev water 
suppl ies which are becoming more and more scarce and expensive. 
Solutions such as these are providing the means to bridge the gap 
between supply and demand until additional resources can be fully 
Integrated into the water system. 

* e * 

There i s a widening gap between water demand and supply, 
between consumption and the feasibly avai lable water resources in 
many of the urban areas of the developing world. In many eases, ...•....*.-.;.,, 
un l e s s appropriate development and; demand, management measure's'are 

..„.>..'-t^l^ni• this* ĝ ap'caift ttreaden''further and resu l t in continual ' . v "; . 
' .' r educ t ion .of service, levels , mainly. tp.£hev.lqv^nGpa^^fixips.- f&t•-.".''<•*•<' .*. \ 

.^?r?<r- 'ptt£&rJ.XY: water, stored irig'routtd.fo'rT&at'ions'y bat' also- surface 
.';:.", ifiovV-a ndt storage. Under such" condi t ions , water quality becomes 

h i g h l y sensi t ive to pollut ion. The p o t e n t i a l cir.age of urban 
sevage flows, industrial wastes, or even agr icul tura l wastes can 
a c c e l e r a t e the process and decrease fresh water avai labi l i ty . 
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Forecasts on the rats of urbanization present a grave s i tuation 
which could become acuta In many c i t i e s and towns. 

Tbs Urban Explosion 

For soma t ina thers has been growing world awareness of 
t i e scope of rapid urbanisation and associated industrial growth 
i n many developing countries. Increasing births and lower death 
r a t e s , coupled with migration from rural areas devastated by 
poverty, war, or natural d i sas ter , are predicted to double the 
world's present urban population in the next 27 years. Most of 
tikis expansion wil l occur in the developing world. 

In Africa, the l eas t urbanized continent, urban populaton 
i s growing at a rate of 5 percent annually. If present trends 
bo ld , approximately 370 mil l ion people, or about 40 percent of 
Afr ica ' s total population, w i l l l i v e in c i t i e s by the year 2000. 
Urban dwellers in East Asia are expected to comprise 80 percent 
o f the total population by 2000 and 35 percent in South Asia (see 
Annexes 1 and 2). In Latin America, approximately 75 percent of 
t h e total population, or 433 mil l ion people, wil l be l iv ing in 
c i t i e s by the turn of the century. 

Cities of more than f ive mill ion people can now be found 
on every continent. Urban projections indicate that by the year 
2 000 three out of five c i t i e s with 15 mil l ion or more wil l be in 
t h e developing world. Cities with present populations of 10 to 
14 million are expected to double In s i ze over the next 25 years. 

I t i s clear that these demographic trends, with their 
corresponding industrial growth, are responsible for tremendous 
demands being placed on water supplies in the developing 
countr ies . The future can only mean even more strains on existing 
sources—financial and hydraulic—as the cost of most new water 
supply and sewerage systems would be much higher and more complex 
than in the past. 

Conflicting Issues 

In many cases water scarci ty leads t o a scenario in which 
anch of the water supplied i s drawn from groundwater reservoirs. 
Tbe water levels in these sources gradually decrease, .to. the point;*.-• ''•-•<: 

•.̂ :.: ..;;rWht<ere'Jrittla>.flushiWg' to'ttite'seabV rivers occurs V.Aa^ mentioned . 
.above, water then'becomes highly vulnerable to pollution,. vJ&-^i!,,':*•*-•' • *•> 

.V • ,*:• J it 3̂ s,iŝ Gst ̂ ê ».v̂ b â̂ ^ 4̂â â>v̂ ^ -̂Mê »ef eVQrr * aH&*foti&?$&lflfr&VttJ3te**~\yX:..". 
** •'.••*'* a - ^QSt''<i>:*cl.6se.d]tc'y-.cle . aqcimuiatdng •.•pol-lu.t'ing• •e.1"'eifte*rits' ''from' 
• :' ' fecjirces within the urban area or from adjacent polluted rivers or 

streams. 
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In the meantime, burgeoning urban populations ara 
producing Mora and mora vast avatar. Currant ly i t i s discharged 
i n t o streams, lakes, r ivers , and beaches, causing pollution, 
creat ing health hazards, and increasing the waiter treatment costs 
o f downstream users. Zn recent years i t has baoosja clear that 
both municipal and industrial vastevater can be reused after 
ed i tab le treatment, thus serving a double purpose!, creating new 
sources of water and preventing environmental damage. The r i s ing 
c o s t s (investment as well as OtM) of incremental fresh water 
resources already make the reuse of treated wastewater economical 
l a many cases . 

However, a disadvantage i s that , as stated above, when 
groundwater levels are low, wastewater reuse may add i t s share to 
po l lu t ion and to the s a l i n i t y increase problems. This would 
pertain especially, but not s o l e l y , in the closed cycle of 
groundwater use. Problems might a l so arise with the possible 
leaching of contaminants into the aquifer through effluent-
i rr iga ted s o i l . 

If water supplies are to be increased and water quality 
maintained, a national pol icy, l e g i s l a t i o n , and a strong 
Inst i tut ional structure must be in ef fect t o address a l l of these 
I s sues . 

Need for a Water Management Policy 

To date national e f forts and external assistance to ' 
developing nations in the water sector have focused predominantly 
on expanding and improving water supplies and extending services 
t o unserved communities. This has been done through the 

;) development of water sources andjconstructlon of new distribution 
^ systems, both conventional and nonconventional. However, 

evidence i s mounting that the conservation of existing supplies 
through the management of water demand and more efficient 
•management of water supply agencies i s equally important. In 
majiy cases , the cost of saving water i s significantly lower than 
tfce cost of incremental suppl ies . 

Poor consumption pract ices in many countries result i n 
s e r i o u s wastage of water, placing additional pressure on scarce 
s u p p l i e s . Inadequate maintenance of distribution systems leads 
t o large losses from leakage, as wel l as t o degradation of water 

. 3ual4^y.. through,.the*seepagecofv©ontainiriants. into pipesr VTveiri'"= •*""''*"*' 
'•*"'-Wb'eii water resource's are. abundant, the r is ing cost of -treating-, • 

7£|Bria%fcaginK^ insja-rilceti.aye-.,- /. 
."-;h.!i^her;'thaft' the''t'6ta-r:co:sit'*Vf Va£e'r<Vemand 'ifrar.igeiTient-. •: ' ' '••'•• 

The enormity of t he se problems v i s - a - v i s rapid 
u r b a n i z a t i o n r equ i re s a s o l u t i o n t h a t encompasses management of 
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both resources and the consumer** access t o them. National 
author i t las ahould promote ins t i tut ional , administrative, legal, 
and technical etepe tot 

1. proaota vatar demand management la domestic, 
Industrial and agricultural consumption (within and 
ad j a cant t o the c i ty ) in ordar to control and adjust 
vatar a l locat ions and pravant degradation of vatar 
quality from tha ovardrafting of ground- and aurfaca 
vatar resources* moreover, f u t o n investment* in ntv 
vatar suppllas should ba delayed? 

2. saint a in appropriate standards for savaga effluent 
reuse in order to supplement the growing urban deaand 
through a water exchange policy and pollution 
abatement s tra teg ies ; 

3. use wastewater to increase agricultural production in 
the v i c i n i t y of c i t i e s and towns as well as decrease 
potential pollution of clean water resources; and 

4. develop feas ible water resouces within a cost -
recovery policy and in l ine with the economic value 
of water. 

Legislation and Administration 

The need for r igid legal and administrative Deans to 
manage a water economy usually arises as a result of an actual or 
expected scarcity in the water resources of a region, s ta te , or 
country. Countries or regions that enjoy unlimited water 
quanti t ies do not usually invest effort in the search for ways to 
control , develop, preserve, and use water supplies eff ic ient ly . 
However, even in water-abundant regions, the rising cost of 
treat ing and distr ibut ing water to urban or industrial consumers 
and the.problem of water lo s s or inefficient, use just i fy , in most 
c a s e s , the introduction of Measures to promote e f f i c ient vatar 
management, regardless of the level of avai labi l i ty at the river 
o r lake feeding the c i t y . 

Adequate u t i l i s a t i o n of water resources and proper 
control of the use of water are impossible without ah adequate 

. , organization, ins t i tu t iona l set-up. and, leal-elation suited--fcottNr? 
• .'>v >fet>ecTal cotiamoris prevailing In ahv particular country or .. . 

region,- • :•;* ".'•••• /:, , ;'\...... ...-,. .../.v..-v;v..:^.vr.v^,v;.^,^:; 
• '••.""'.it: is. ibpor-tant, however,';-to1 fca'ke ''iy^iexs'fi-rixibie.-' • TKey • 

Ejsf 'be able'to nVet changing conditions and to include solutions 
c f problems that might arise as both the original and future laws 
arxl regulations are implemented. Examples can be drawn from a 

' «•'. <• 
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number of casts where unforeseen regional or national 
developments vers handled only because of a built- in f l ex ib i l i t y 
i n the physical systems and the l eg i s la t ion governing water 
development, distribution, a l locat ion, and use. 

The legal and ins t i tut ional cr i ter ia needed to provide 
e f f e c t i v e instruments for the rational and adequate management of 
water inventory, development, conservation, and use of water 
resources at the regional level are not different i s essence from 
those required at the central , national l eve l . 

Efficient Use of Water in the Domestic Sector 

I t seems that, of a l l the areas in water-scarce regions 
o r countries, the municipal-urban sector i s the most complex and 
d i f f i c u l t to control and in which to achieve optimum water 
consumption per capita. In many of the developing countries, 
t h i s sector i s either the largest water consumer in the country, 
o r second largest, after agriculture. It directly concerns 
almost a l l cit izens in their home and business; every water tap, 
bath, t o i l e t , or garden sprinkler. I t is related to human 
behavior, makes various demands, and imposes restrictions on 
people as well as af fect ing their payments for water consumed. 

The fact that the municipalities represent large groups 
o f consumers can e n t i t l e them to a special position in the legal-
organizational framework of a national water economy. 
Accordingly, along with i t s relevant duties and obligations, both 
t o i t s e l f and the central water authority, the municipal 
authori ty should adopt an appropriate attitude toward the water 
a f f a i r s under i t s jur i sd ic t ion . 

Close and coordinated cooperation and clear supervisory 
function should be maintained between the federal or state water 
authority and the municipal authority responsible for controlling 
t h e urban economy in general. I t should be remembered that th i s 
cooperation also demands coordination with those agencies in the 
c e n t r a l government that control the Municipal aspect of the local 
a u t h o r i t i e s , such as the Ministry of the Interior, or others. 

In countries or regions where water Is scare*, and In 
par t i cu lar those where a regime of water rationing i s Inevitable, 
t h e s e Interrelations take a., comple*. and unique form, --of - which the * 
fol lowingfegaf-administrative mode}; may serve as an example.. It 
/shows, how-the- Objectives of va^er demand-and• ASMts^a^a^emeAt-. : 

« a ^ b^V^hte^^^wh^e^uBlt.H^nlTig *W*6Te- en^^esppn^ib'ility'.exf . 
.''th§..looai .••Authority^ -v'H-a-̂ idns -̂;that;eiij.dy.'-6^I fit it ed-'water 

quantities'"^* not usual'ly take this route, although taking i t may 
v e i l delay and conserve their investments in vater supply. 



Allocation of Hflttr to MunicipalItIti 
An arid or seal-arid country or region can develop a ~7 

system of legal and organisational provision* for the a l locat ion j ' 
o f watar to tha municipal i t l a s , allowing for varying conditions J 
froa ona to another. 

Tha nature of the diverse water uses under the 
Municipality's jurisdiction, the share of these uses in overall 
consumption, and the re lat ive aaounts consumed by the various 
municipal i t ies should a l l be taken into account in the rationing 
system. The watar allocation and l icense for the specified uses 
axe based on efficiency in order to encourage water saving and 
minimize wastage. 

Ef f i c i ent Use of Watar In the Drban and Domestic Sector 

Education and dissemination of information are very 
i-aportant in achieving water eff iciency in this sector. Equally 
v i t a l are compelling the use of certain equipment by lav and 
strengthening economic motivation through progressive water 
cbarges that r i se with the Increase in use. At tha same time, 
lew rates must be maintained for basic consumption, enabling the 
low-income groups to receive a piped supply at minimum costs . 

In such a model, the annual quantity of water available "1 
t o a municipality i s the product of the number of people in that 
municipality and a prescribed quantity per capita.^ This quantity A 
i s based on the assumption that the municipality must'install or t 
promote the installation of water-saving devices within i t s 
j u r i s d i c t i o n , and manage i t s water pol icy and water system with J> 
t h e greatest efficiency. ^ e - ^ . 

r&---
Zf these measures are not taken, the annualF water quota 

a l located to tha municipality wi l l not be sufficient. This quota 
Ijacludes the use -of water under the municipality's jurisdiction 

• fear doaestio use, gardens, public s e r v i c e , handicrafts, and 
commerce, as well as industrial use which could be handled 
separate ly , i f targets are not achieved, the municipality would 
b e penalised. rr 

of^ watey allocation for, domestic and urban' tfse»^?This s v ^ t ^ ' ' 
*"•' a l s o ' f o r c e s the j oca! authority to maintain the water/aystew anft ' 

•reduces unapepunt'ed-fgr water w4fft,j.jp,-r,ea.sipnafrls limjftgi *.+v*i%^'&s*?:-?& 

' . *;•••". '.In order-to ;ens.ure •th'e-.'u'se/bf w'atef-sav'i-ng-devices,* the " 
" w-atef authority or ministry should issue regulations, prescribing 
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the types of davices that mist be used in the municipal vater 
system. These vill vary and can be modernised froa time to time. 

No building should be connactad to a municipal vatar 
system that is within a rationing sons bafora verlfioation that 
the stipulated saving davicaa hava baan installed. In this 
contact, a sat of regulations praaoribing ths manner of vatar usa 
should bo passad, for example, oar vashlng in garagas and sarvica 
stations.' Thasa measures anforca tha introduction of special 
davicaa and vatar recycling to guarantee the greatest economy in 
water use in such services. Regulations for commercial and 
Industrial use should also be instigated. 

The municipalities themselves, bound by vatar lav 
regulations to remain within the Units of the vatar quantity 
allocated to then, can express the optima-use target in their 
by-lavs. By-lavs can address, for example, house and individual 
apartment metering, reflect various provisions and prohibitions, 
and, most important, outline progressive vater charges and the 
billing and monitoring processes* In addition, the 
mmnicipalities must invest and contribute to education, 
publicity, and information concerning the efficient and economic 
use of vater in order to sensitize their citizens and enlist 
their essential collaboration. 

Domestic Water Management 

Thus what characterizes domestic vater aanagement in this 
model is the water-metering requirement of every consumer, and 
t_he provision that meters be read and bills paid according to the 
reading, at set intervals. A basic quantity of vater is given at 
a relatively lov rate while consumption beyond that vill be 
charged with progressively higher rates. 

The principles behind these regulations are: 

1. vatar is a service that must be paid for according to 
the quantity consumed by the consumer, and 

2. the routine bill gives warning of excessive vater 
consumption and enables the consumer to see to it that 
the water consumption habits of the family are more 
strictly regulated. 

. Implementatipp. of the regulations-lays a burden on the* ••' '' 
vater8 supplier* 'namely/' the local authority*#aj)d...the. shortage. In. 
sXilled- manpower often makes' iVdlfJficuJTfc.^,*b^aj^tMejty*^«^'v*i:-^ 
4P̂ >;c»lutlon';Jtpr'-,â c*t&istfig-. -fchV-'eff iciejhcy of tfie; f lgh"'f"regvency ;.-.. 
pS.'l.ij.hg'..system /is-, mechanized -data;processing ' syjste'jw.'. -Most local* 
•'a-uthorifies should change to mechanized vater accountancy by 
means of simple electronic computers. This system vill yield 
additional information on the water consumption distribution in 
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domestic vater management and distinguish between various typas 
of vatar usars. Zt v i l l tharafora provide tha aaans for battar 
management, monitoring unaccounted-for vater, vatar distribution, 
and an adequate coat-recovery system. 

Certain problems involvad in. tha actual meter raading 
should ba solved. Improved vatar matars hava made raading aasiar 
by baring a d ig i ta l d ia l , but a sophisticated and quick aethod of 
raading has not yat been Implemented on a large scale. An 
axaapla i s a system based on electronic transmission of a l l meter 
readings in a housing block to a central switchboard. This 
system would be particularly e f f i c ient in multi-story buildings 
where apartmental water meters are instal led on every floor. 

I f a vater-metering lav does not ex i s t or i* not enforced 
on an apartment basis , there i s usually no individual water 
metering at a l l , or water may be metered for the entire house and 
payment divided according to the number of flats/apartments in 
the building. In a model where water was separately metered for 
each apartment, water consumption s ignif icantly decreased. 
Surveys prove that the water consumption per capita fa l l s by an 
average of 20 percent with apartmental water metering as compared 
with water consumption under common metering. However, 
progressive rates and adequate cost recovery should be integrated 
t o sustain the decrease in water wastage. 

But even with apartmental water metering, there v i l l s t i l l 
ba a guantity of water for common usage. This common consumption 
i a usually divided equally among the tenants. In one model, tha 
construction of multi-story buildings with a high building 
standard introduced a central hot water supply system. The cold 
water was metered by apartment, but the hot water was piped to 
each apartment without metering. Rara tha phenomenon of 
increased consumption occurred, as i t does whan there i s no 
individual apartment metering. In ona case, vatar consumption 
rose by about 27 percent compared with tha vatar consumption 
under apartmental metering. Obviously, tha knowledge that vatar 
b i l l i n g would ba equally divided among tha tenants brought about 
Increased use of tha common hot vatar; even i n instances where 

. c o l d v a t e r could ba used. This not only wasted vatar, but a lso 
tha considerable energy Invested in heating the water.,and thus...,* 
increaf^^ .^e tfttal .energy, and v a t a r b i l l s 'for'each' apartment an<j 
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Our experience has shown that two components play 
a dominant rola is houeehold behaviori 

1. Education Campaigns 

Tba affaot of education oampaigna oa a diversified 
population it, latar alia, dependent ea tba alia of 
the budget. If tba campaign la not continual, it will 
eaaaa to ba affactive. However, oontlaoal afforta 
tbat do not ohaage in *tyla and presentation nay ia 
tba long rua baooaa counter-productive, a veil-
davalopad atrategy can bava aa important affaot oa tba 
pravantioa of vater wastage; particular emphasis abould 
ba givaa to tba aduoatloa of school obildraa aad tbair 
influanca oa parents. It ia almost iapoaaibla to 
aobiava significant reduction of vatar u»a at tba 
boutabold and public lavala unless affective education 
ia undertaken. 

2. Progressiva Water Charges 

water charges for tba domestic consumer are 
stipulated either by the authority's order or by 
aunicipal by-laws; in all cases, the conceptual basis 
is the sane. In such a model, individual household 
aetering is enforced and the faaily pays for a 
reasonable basic consumption in an amount tbat covers 
the cost of vater supply to the local authority. Tba 
authority vill pay from tba municipal budgat for city 
park watering aad otbar public usee, for consumption 
in excess of tba basic quantity, whether to tba household 
or to the municipal user, the vater charge per unit could 
ba almost doubled. Honethelass, tba cost of water abould 
sot exceed J to 4% of average lnooaes. However, it 
appears tbat only when tba payment of water ezceeda 1 to 
3% of income vill incoae alone aot aa a eigaifieant 
disincentive to water wastage. 

£QQ£lujloji 

•.-.. •. >>..-«-.<- • .Frograaa..\ta increase;the' isfficie'ndy of va'tier use and .'* 
prevent'wastage should be. conducted on three '-levels"/'that of: „ ,",'!. 

? £ > * r f c # ^ ^ ^ •-:•• •. -v.": .v:;; •:••;."' 
2. public premises where the water user does not directly 

pay for the water, and 
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3. the waterworks themselves. 

The water authority*• activities vis-a-vis individual 
consumers should involve* 

1. conducting educational campaigns through the mass 
media aimed at all sectors of the population; 

2. maintaining disincentive progressive water rates that 
charge such higher amounts for water consumed in 
excess of a reasonable quantity! 

3. developing efficient and water-saving domestic 
fittings, assuring their quality, their installation, 
and, where relevant, their research and development, 
as well as assisting consumers in obtaining thea 
through special certified outlets, funding 
arrangements, and so forth; and 

4. maintaining the treatment, pumping, and distribution 
system to ninimize water losses and unaccounted-for 
water. 

Efficient use of Water in Industry 

The system of allocating water to Industry should be based 
en statutory norms for the various industrial processes. The 
allocated water quantity can be calculated by aultiplying the 
norm by the anticipated quantity of production and ultimately by 
the actual turnover. Special production conditions deserve 
special consideration. Norms are based on efficient and economic 
u s e of water in the production process; thus factories that have 
not adjusted their processes to economic water use would not be 
able to manage with the water quantity allocated to them and/or 
would pay sanction rates. Plants that use water in excess .of the 
allocated quantity would have to pay ..a penalty rate. 

On the other hand, the norms should be set so as to avoid 
affecting the quality of the end-product, and to optimise the 
planning of production processes, taxing into account charges for 
effluent quality. Norms should change from time to timej^ 
according to feedback Information and the availability of water* 
saving devices and manufacturing processes. •_, Jfce, authority, should; > 
^ajllp^ sufficient time for the manufacturers'"to acebknodate. the. 
.necessary, changes. ..;.. ..•:. : * •••; • *• '; . . '• '• :" ' *'• './:'...:/" '.. '/' 

"#>•-••• ^.•^^p^^^^ft^^^^k^^':^^ th4* -tef.fi;iefctruste of.^vater-
•in\'4nd^5£ry^. the* -:vater -authority' could collaborate "with industry 
in: 



11 

. promoting research and development; 

. adopting dry process** developed In other s i t e s ; 

. lending at * r e l a t i v e l y low interes t rats for purpoeee of 
investaent in water-saving f a c i l i t i e s and processes} 

. financing the separation of water neterlng for each 
production process, t o f a c i l i t a t e identifying the sect ion 
in which wastage has developed; 

. carrying out jo int p i l o t projects; and 

. combining the water use with the effluent quality and 
charges. 

P o l i c i e s to Ensure Eff ic ient Use of Water in Industry 

In some arid or semi-arid countries, industry may not be a 
•wajor water consumer yet may s t i l l have a negative e f fect on 
other sectors. Therefore i t s water use has to be kept down by 
continual efforts to improve e f f ic ient usage. Without these 
e f f o r t s , Industrial water consumption could increase to become 
prohibit ive and/or to create a load on municipal systems that in 
t a r n would force the reduction of supply to lov-income groups. 
The increased eff iciency achieved in a few countries can 
undoubtedly be attributed in some measure to an overall 
improvement in measures adopted by industry. A share of the 
c r e d i t must be given to conservation po l i c i e s initiated by the 
v a t e r authorities. These po l i c i e s are discussed below. 

Eater Licensing 

Water can be supplied to industrial firms under license 
and the quantity allocated to any plant calculated on a normative 
basis. The norms would take into account the following factors: 

1. the nature of the end-product, 

2. the production process, 

9. the existing factory equipment, 

... 4. .the.raw material in use, >> vy..-..^?-; :.;+>•:•• •'•• .**..--̂ v- %-*v* 

:• • 5v -; the >quipme:ht .and* technoXWi;^a^AiiWi^:*<^s^ff^fei^¥ 

6. the effluent quality and charges. 
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Norms should ref lec t the generally accepted eff iciency 
standards that can be achieved by use of available technologies. 
Hie norms should froa time t o time be brought up to date as new 
technologies and improved equipment and processes make i t both 
technica l ly and economically f eas ib le t o cut down on water 
consumption per unit of output. 

A firm's annual water a l loca t ion can be calculated by 
multiplying the planned volume of production for each product by 
t » e appropriate norm. The incentive for keeping consumption 
within l icensed al locations i s created by a special surcharge 
l ev i ed on excess consumption; th i s makes excessive water use very 
expensive. In some areas, the surcharge i s around 200 percent of 
t b e basic water rate. However, the whole process involves the 
publ ic sector/water authority or water departments in a thorough 
evaluation of the Industrial processes . 

Introduction of Water-Saving Technology 

The licensing system can therefore become the major 
Instrument in putting pressure on industr ial firms to improve 
e f f i c i e n t water use. The author i t i e s , for their part, can 
sponsor research for the development of water-saving equipment 
and production processes. They can a l s o provide technical 
advisory services to f a c i l i t a t e the dissemination of information 
ab>out developments in these f i e lds and the i r implementation. 

The ac t iv i t i e s l i s t ed below have led to large gains in 
e f f i c i e n t water use and in some cases a lso yielded considerable 
f r inge benefi ts , for example, in the form of energy savings and 
i n reclamation of materials for reuse. 

1. recycling of cooling waters through cooling towers; 

2. recycling of blowdcvn water from steam and heating 
systems; 

3 . recycling of sea l -vater i n vacuum pomp systems; 

4. reduction of flows by flow regulators or pipe 
diameters; 

5. introduction of accessor ies such ..as pressure .,*.; 
••-•-.*regtrl*tors,• vfrttfine\'>regu'lStVrS, 'automatic and semi

automatic-valves r 

. 6.- r£use of rinsw?g wate.r^: ...• .• • w•••-•• .••.•••• •• -•• . ; • • ; . 
* • • • * • ' * • • • * • • • • • • ? . ' ; • • " ' . • ' . ' . ' • ' • • . - . ' . - . • * • • • . * • • • • ' • , • . . - • • ; • . : . . 

7. counter-current r i n s i n g , with one fresh water inflow 
and one wastewater ou t f l ow; 
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8. use of condensed air bubbling to improve tho 
efficiency of the rinsing process; 

9. transfer of used water froa ona process to anothar 
with lovar quality requirements; 

10. in-plant treataant of vastawatar for reuses 

11. usa of cooling as • substitute for vatar cooling, use 
of closed-cycle beat exchangers* 

12. use of low-grade vatar (seawater, brackish water, 
treated sewage) for cooling; 

13. Reuse of plant or outside wastewater. 

Incentive Financing for Investment in Water-Saving 

Processes and Equipment 
In addit ion t o the above measures, author i t i e s should 

e s t a b l i s h a fund that provides f inancing for investments in 
va ter - sav ing devices and changes in production at a t t rac t ive 
concess ionary t e r n s . E l i g i b l e p r o j e c t s would have to show a 
s a v i n g s of a t l e a s t 10 percent of water consumption at a cos t 
l e s s than the marginal c o s t of the supply water. 

E f f i c i en t Use of Water in Periurban Agricultural Areas 

Since agr i cu l ture i s one of the g r e a t e s t consumers of 
w a t e r , e s p e c i a l l y in ar id or semi-arid countr i e s , control 
• e a s u r e s for farming c l o s e t o urban areas must a l so be addressed. 
I n addit ion, ex tens ive i r r i g a t i o n wi th in the municipal 
j u r i s d i c t i o n , for example, i r r i g a t i o n of parXs and gardens, aay 
a l s o f a l l under regu la t ions for a g r i c u l t u r e . 

Again, the method e s s e n t i a l t o e f f e c t i v e control i s 
a l l o c a t i o n . Water a l l o c a t i o n for a g r i c u l t u r a l purposes can be 
baaed on a system whereby the farmer baa a water l i c e n s e . The 
b a s i s for control and promotion of e f f i c i e n t use i s the 
a p p l i c a t i o n o f norms and maximum q u a n t i t i e s of consumption 
r e l a t e d t o the various agr icu l tura l crops and condit ions, in 
t b l s complex model, a l l o c a t e d water quant i ty const i tutes a ... 

.. .i,.. woXfcipla of ; the appropriate n6ra-'atkrvthe 'cultlvate'd' area;' hJLJ& "• ' *. .' 
.'**»*" other s e c t o r s , the norms: should- be calculated- On.-thg-ba'sia W ,'';'"'''.:-v.-. 

Nt' « < ^ 6h ••thjuwater- -quantity /:*"••:. •." ' -;:' 
••• ••• ••»;.-'<l'ri'pcate'd'. to/him. : '*•• '• ' ' • • •••' ••' • ' • ' • • " •*"•-.••• • • - . « * • 

Here, too , the incent ive for e f f i c i e n c y l i e s within the 
a l l o c a t i o n . The penalty for overconsumption i s either in the 
fcrm of a penalty payment (based on a progress ive block rate 
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s tructure) , or of • reduction in the Irrigated area, both giving 
t h e fanner an Incentive t o become e f f i c i e n t . Payment for 
over-consumption nay be made via h i e supplier or directly to the 
author i t i e s , in case of self-ownership of the resources or supply 
equipment. 

This »odel c a l l s for a number of basic prerequisitest 
(1) neterlng, (2) a l l oca t ion , (3) a controlling authority, 
(4) e f f e c t i v e sonitorlng of the metering systea, (5) sanction 
payments, (6) wil l ingness t o take action against defaulters, and 
(7) support and incentives for the promotion of efficiency. 

In order to achieve these essent ia l components, an 
authority or ministry should issue regulations restricting the 
use of water in the various agricultural functions. Their 
implementation may be l imited, in the early stages, to 
" r a t i o n i n g " rones where conditions d ictate rigid control. The 
purpose of the regulations i s to encourage and promote ef f ic ient 
methods of water u t i l i z a t i o n or to discourage and sanction the 
i n e f f i c i e n t ones. However, the bas is i s the right to consume 
water by a l l those who own or cul t ivate land at a certain point 
of t ime when regulat ions a r e enacted. 

Studies of water consumption In hor t icul ture , for example, 
i n d i c a t e t h a t the use of c e r t a i n i r r i g a t i o n techniques and saving 
dev ices has resul ted in conserving considerable quanti t ies of 
wa te r , often a saving of 60 to 80 percent when compared with 
conventional gravity i r r i g a t i o n systems. In order to provide the 
i ncen t ive for t h i s form of conservation, the regulations could 
s t i p u l a t e t h a t water saving achieved through the use of such 
methods and devices would not af fec t the consumer's right to 
rece ive the fu l l quantity of water or ig ina l ly allocated to him. 
This rule i s relevant as long as farmers can use the water in 
other p lo t s , or s e l l part of their a l locat ion to others ( e . g . , 
f i rmer s , suppliers, the regional authority) . 

Therefore, the consumer could be permitted to u t i l i z e , 
when poss ib le , the amount of water thus saved for the irrigation *'• 
of additional areas, irrespect ive of whether these areas adjoin 
t h a t in which the water i s being saved. In most cases, t h i s 
app l i e s t o regions irr igat ing from piped networks. This 
pr inc ip le was found to be important in sustaining the incentive 
for water savings. 

. In these efforts t o increase ..efficiency, the farmers .•*.-•••••.••.•/••;? • 
cooperafedonrvoah be sectrred-'lf " the i r 'fte€ income i s raised .through .•, -v, 
t h e use . of • new. and: e f f i c i e n t methods-'-and; 'device^: lojthis.. £e^.ii\>>U 

-'frl^ehTivesv.;'Th"e> iiuW £ e induce*..t«>^J>rav/eVtWe,fr ••' '•' 
• syV.t&m's-.'aha. save -not only water"*biit money and labor. The 
t r a i n i n g and v i s i t system (T&V) could p lay t h e dominant ro l e in 
t h i s func t ion as well as o t h e r s . The economic incentive to the 
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individual aust be demonstrated convincingly before a water-
saving policy can be assured. 

The a c t i v i t i e s of the water authority in this program 
should consist of the fol loving: 

. in i t ia t ing the l e g i s l a t i o n , the regulations, and their 
application and control; 

. providing incentives for developing efficient irrigation 
methods and systemsI 

. fostering their Introduction by the farmers; 

. granting loans at at tract ive interest rates for their 
implementation, especial ly during the ini t ia l periods 
until economic v i a b i l i t y has been demonstrated in a 
variety of regions and crops; 

. reducing market pr ices of water-saving appliances, through 
special incentives for those t ha t have been ce r t i f i ed by 
an I n s t i t u t e of Standards; 

. promoting demonstration and p i l o t projects , and se t t ing up 
large-scale demonstration farms or projects; 

. implementing i r r iga t ion extension services (T4V); 

. t r a in ing for farmers as well as professional staff; 

. inst i tut ing promotional applied research and accelerating 
i t s implementation. 

Zn the future, coastal c i t i e s and industries wil l benefit 
£rom the technological advances of large-scale desalination 
p l a n t s . However, this method wi l l s t i l l be prohibitively 
•expensive for irrigation and agricultural use for years to corns. 
{Present desalination costs have been decreased to 1-1.3 USD/sr 
ubich approaches the high costs of Incremental conventional, water 
supplies,!). ^hersfera,. a l l -feasible measure* t© tfstr water 'more ' ' "" 

•• As' the pVastyhaSshown; -tiat&t' does not hive to 'act as' a 
l i m i t i n g factor in the development of most water-scarce regions. 
By economizing in water development and usage and fully 
implementing the reuse of wastewater, a country can meet i t s 
domestic demands and s t i l l allow the indus t r ia l and agricultural 
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u 
•actors to increase thsir production lsvals. 

Tha naad to davslop a s t r i n y n t lagal, Institutional, and 
adainistrativa franavork for vatar aanagaaant ganarally axists 
only undar vatar-scarca conditions—aavaralv raatrictiva policias 

y not ba naadad in countriaa wbara vatar la plant i f ul. 

Nevarthslass, with appropriata atructuraa in placa, any 
6evaloping country can continua to grow vhila postponing baavy 
Invastaants in vatar production and distribution. 

.• * »;•• 
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Innex l 

WAVE Or HEW MIGRAHT8 FLOODING ASIA* CITIES 

[From: Singapore Press, Kay 1989] 

_ . •**••:<<•• 

*. «, — t. '•'.•«-•*.:•y •••K;;.'.~V.'- • ••' 
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Wave of Hew Migrants 
Flooding Asian c i t i e s 

Poverty a l t o becoming sore prevalent , sags VM study 

Acroaa the broad prof 11a of Asia, populations ara growing 
a o r * rapidly than planners antic ipated only f ive years ago and 
mvuiy c i t i a a of tha reg ion ara inundated with a new vave of 
wneaployed migrants. 

The region that has shown tha world*s strongest rates o f 
economic growth over t h e past two decades i s developing a wider 
g u l f between rich and poor as some countries have bean l e f t 
beh ind whi le others have grown towards economic maturity. 

"A hard fact of economic l i f e in the region i s the 
p r e v a l e n c e of poverty," the UN Economic and Social Commission 
observed in i t s survey t h i s year. "Poverty e x i s t s not only in 
low-income countries of the region but a lso in the middle-income 
o n e s . " 

Although there are few consis tent and re l iab le soc ia l and 
economic s t a t i s t i c s for many Asian countries , the best estimates 
a s s e r t tha t 500 mi l l ion people - nearly 25 percent - in the 
r e g i o n l i v e in poverty. That i s almost the same as the combined 
p o p u l a t i o n s of the US and the Soviet Union. 

This development r e f l e c t s recent Asian demographic trends, 
e s p e c i a l l y the rapid growth of c i t i e s including both the natural 
expans ion of famil ies and tha movement of individuals from tha 
c o u n t r y s i d e t o urban a r e a s . 

While Asia once put highest pr ior i ty on control l ing tha 
gx-owth of population, tha contemporary issue I s a matter of 
management or d i s t r i b u t i o n of peopla. 

Mora than 16n in Calcutta; 

These ara soma o f tha elementa of tha population Issue 
glaumed from many current sources (sea charts on next page]t 

, • WHEN, tha Asian spopuia,t£oa h i t s Z.S&Z.billion,in 2W0 - - r^ , ; 

•'as*"'the Tftt now' an t i c ipa te s - about 44 .percent.,pf^the.,p£Qple.vi£i,. r. •.,* ;.; v 
•vbe>:;iiv4ng- an" c i ^ i e ^ ^ $7*1950; *3#.P#EcWfo j>f ^ ^ ^ i ^ ^ i A W o n ^ ^ v / V ^ 

. • • . . v .{••»•*'?* <••':-..:••*•• •';• • • " . ' ' . . " * • • " ' " • . ' • ••••"••. :;"' • * ' • ; " • • " * : ' / • • " V \ . • . . • • ' . - . . • • . • '• . .• . • • • • • * . •• • 

......v •>-••. - IH"2OO'0:; naif of "the world's 10 largest c i t i e s and 12 of 
tfce 25 larges t wi l l be in Asia. Calcutta and Bczbay wi l l each 
h a v e more than 16 m i l l i o n res idents , Shanghai over 14 mil l ion and 
S e o u l and Delhi past 13 mi l l i on each. 
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Growth of World Population 

billions 
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• THE developing countries of Asia - including India and 
China - now Include more than 2.5 billion people, about half of 
the world'a population. By the year 2000, these countries will 
total 3.1 billion of the world** expected 6.1 billion. 

• WHILE countries such as Indonesia and Thailand have 
organised successful birth control programmes, their populations 
have grown faster than the supply of jobs. Both Jakarta and 
Bangkok are suffering the pains of rapid urbanisation. 

• ASIA has grown faster than other developing areas and 
the industrial world since 1970. But within Asia, the richer 
countries such as Singapore, Korea and Hong Kong saw per capita 
Income rise nearly 10 times while the poorest countries merely 
doubled their Incomes in the same period. 

• BANGLADESH, Burma and Nepal are home to 160 million 
people, more than Africa below the Sahara and with lower per 
capita income. India, Pakistan and Indonesia bold one billion 
residents with average per capita income of less than US$330 
(about US$630) a year. 

• URBANISATION is destroying farm lands and agricultural 
growth is trailing demographic growth. More than 70 percent of 
the world's malnourished children live in Asia; in South Asia 
there are 500 maternal deaths for every 100,000 live births 
compared with 10 in the industrial world. 

• BETWEEN 30 and 40 percent of the Asian population is 
under 15, meaning that a rising flood of new job-seekers is 
entering the urban markets. Many of these youths were born 
before birth control programmes were started. 

The well-known American sociologist Professor Daniel Bell 
recently wrote that the growth of cities was one "crucial* 
demographic problem facing the world. The'main "time bomb," 
however, is the growing gap between the older generation and the 
rapidly-expanding youth population. 

"These population imbalances mean that, in the next 20 
years, ve will see demographic tidal waves sweeping the world," 
Professor Bell said. "In the heavily-weighted countries^tbia...>»:.• 
will mean more.than doubling of,/the,rates' -of "entry"' into tji'e 

... ...• yl«^ur**orces\*4 ...... ',...-. ...••.^,v--.'"'-^^---^^;v 

•>*̂ ' '̂ 'A'ŝ i'Vfti'/cou/jtrî eS'.have -failed tcr.tJu 1-1 d/Vyst'e^s "for "urban "health 
./'."!./.c'.aYxre,'. housing, transportation, water and sewerage. They have 

also been unprepared for the number of people who are living 
longer than their parents did. 
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"The impact of such rapid growth cities in the developing 
countries of Asia with cooperatively low per capita income is 
obvious," Professor P.B. Desai of Delhi University observed 
recently. "They have attracted people but have failed to absorb 
end assimilate them." 

Focusing sharply on the four largest Asian countries -
Indonesia, the Philippines, Thailand and Malaysia - Dr. Trinidad 
Osteria of the Institute of South-east Asian Studies (Iseas) 
concluded that they also are confronting "an accelerating pace of 
urbanisation.• 

"This emerging phenomenon has shifted the focus of 
government planners from the inaccessible rural population to the 
urban poor - the inhabitants of slums and squatter settlements." 

The Asian Development Bank (ADB) recently confirmed: 
"Given that the ongoing structural shift from agriculture to 
industry in Asia is expected to accelerate in the 1990s, the pace 
of urbanisation will consequently increase. The major spatial 
issue in developing member countries vill continue to be the 
growing concentration of urban population in a relative handful 
of increasing large cities." 

There is no direct correlation between the population 
growth and economic prosperity. But in Asia over the last 
decade, there is evidence that the countries whose economies have 
grown fastest are those with the smallest population expansion. 

Even those big countries that have slowed population growth 
are suffering the pains of excess expansion and urbanisation 
because of the huge bases on which over-optimistic plans were 
made. 

China*s paramount leader, Mr. Deng Xiaoping, admitted 
recently that his country's policy of only one child a family is 
failing and that population in 2000 would be 1.3 billion instead 
of the planned 1.2 billion. Authorities are trying to stem a 
flood of hundreds of thousands of peasants seeking work in the 
cities. 

The Chinese policy of restricting families to just one 
ctiild has been more effective among city-dwellers than among 
peasants. In India, population growth is running at 2 percent on 

.... .,iv. A fc*se,,pf <afeWt 82armiJkll©»%'- ̂Its- national goal of - reducing*' * • ̂ : " " 
'•"••••" 'natural growth to 1.1 p.ercent by .the,ne*i;century >hai^-.el^a^en^v. :*.•;,.. 

:-.
;.-. •;• .'••'••' :';*'^6£ing"'.'£q•'th>" future; ' foiit".countries" that ViaVe set the'L;' 
'"'•'• pace for' economic growth and rising prosperity - Singapore, Hong 

Kong, Taiwan and South Korea - are expected to expand their 
populations by only one percent a year. Countries that have 
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shown slow •conoaic growth such as Bangladesh, Nepal and Pakistan 
will see their populations grow by 2.4 to 3*1 percent. 

The ADB estiaates that by 2000 the poorest countries in the 
region including India and China will have per capita incomes of 
US$440. Without the two giants, the other poor countries are 
expected to achieve average incoaes on only US$310 while the 
richest nations will be at US$8,250. 

These projections were made earlier this year by the ADB in 
a study that suggested that it should shift its attention froa 
supporting general economic expansion through business and 
Industrial investments to providing more support for alleviating 
poverty. 

"Investment in social infrastructure, in particular public 
health and education, needs to be expanded both to enhance the 
quality of life directly and to promote econoalc growth in the 
longer term,** the ADB urged. 

"Social infrastructure is vital not only for humanitarian 
reasons but also for economic growth and development. 
Expenditures on primary education, family planning and basic 
health ca»n result in productivity gains that xoaXe them primary 
investments from an economic point of view." 

However, the ADB and other international organisations 
avoid financing birth control programmes because of religious and 
political opposition among their sponsoring governments. The 
dominance of political conservatives in the Reagan and Bush 
administrations has also meant that US foreign assistance no 
longer encourages birth control. 

"Too optimistic about trends* 

But even in those countries that have sieved growth rates 
•och as Indonesia and Thailand, populations axe still growing 
because of the high proportion of young parents produced in 
previous decades of faster growth. 

For Asia, the UN has recently acknowledged that it was too 
optimistic about future growth trends. '.The agency, nofeed.̂ t̂c•.-*.••• •*••'• 

,..v : pojaulafeioawgirowtli^4n^th*-re^tOh^'fell "'tb'b'el'bijr 2) percent, annually .. 
by 19.80, despite a, decline J,n death-.r^tes.*hd <obkt<tfitlal 'gain's •!•/",;; 

^ • ^ i i ^ ^ W i ' - ^ ^ i i v ^ ^ • rfl»";annuaX..c.ate Q$ 4v»JS/ percent; -inst-ea-ct of-' : •• ' 
.'•..• •••• cqbt^h^ing* tjo:.falT.as .expected t'o .1'."63-percent "'by 19'90. 

This small difference in percentage plays out to a 
substantial difference in projected actual population for the 
region. The UN in 1984 estimated the size of the Asia-Pacific 
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region would be 3.381 billion persons in 2000. Nov, the estimate 
is 3.527 billion. 

From Iseas, Dr. Osteria is co-ordinating studies in the 
four Asian countries with the goal of recommending improved co
ordination and delivery of health services for cities. 

Planners have concentrated their efforts towards 
controlling the growth of population and paid less attention to 
the issues of migration. "To the extent that such Migration is 
not fully justified by economic developments in the city, it 
contributes to perpetuating massive urban poverty in the midst of 
economic, cultural, social, political and modern centres of the 
nations," she said. 
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JUUlftX I 

BOMBAY*8 WATER SUPPLY SITUATIONS 

DROUGHT AMD MIGRATION WREAK HAVOC OH LIMITED RESOURCE 

[From: Water and Wastewater I n t e r n a t i o n a l , February 1989] 
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WATER SUPPLY % 

Bombay's water supply situation: 
Drought and migration wreak havoc on limited resource 

• . v . • 

Honorary Dirtetor of tht Mian Wotif 
Works Association ond midtni tf Bom-
fcp, ibdfa, S.P. Unotls Osnsta tkt 
mtn tmoaa and possibU solutions to At 
city sprmmnous wcttr supply silwatio*, hi 
mfdh describes as "fiot minutes » mid-

Three successive drought*, 
resulting in long-term damage to In
dia*! economy, have brought into 
focus the urgent need for planned 
action ao manage water resource* tf-
fcctivery at a national level and to 
focus attention on the almost chaotic 
conditions in the towns and cities of 
India so where millions of displaced 
persons from rural, agricultural 
areas have migrated. 

Ninety districts out of India's 396 
districts, covering 16% of the na
tion, have progressively come under 
the shadow of drought due to mer
ciless deforestation. In the most in
dustrialized state, Maharashtra, 
whose capital city is Bombay, 
droughts are a chronic feature of the 
rural agricultural areas. The brunt 
of ejeodu s from these parched regions 
is taken by Bombay where the 
population is now estimated at ap
proximately 10.2 million. Two years 
ago, the estimated mid-year popula
tion of the city was some 9.86 
million. 

Bombay has a total land mass of 
438 km* and a population equal to 
that of other countries such as 

. Lebanon, Belgium, Bulgaria, 
Greece, or Ecuador, which have a 
l and snaas of 10,400, 50,513, 
1 1 0 , 9 1 1 . 131,944; 10,400; and 
283,561 km' respectively. Population 
density at Bombay is 23,300 persons 
to a square kilometer. 

The water supply situation in' 
Bombay is very precarious., con? 
tittered Wbe^very close to "five 
.minute* yj.midplgJu'^. TfeeNvSt *iios 

• sptnf'SQO. people jru'gp ĵng jp.Bp.m- .< 
Jbay'.eac&"• day. rfe*pite die--existing 
problems of inadequate water sup
ply. They come as fugitives from 
politically disturbed areas, 
econom K: ally stressed regions or par
ched agricultural lands to start a 
business or to seek employment. 

The tcaJ water supplied during 
the year — ding on March 3], 1986 

was 770,150 million liters which 
meant a daily average of 2,110 ml'. 
Bombay has gone on record to ac
commodate die largest alum in Asia. 
Of die 9.86 million people, approx
imately 50% reside in stums or near 
slum conditions. Bombay has 1,680 
slum pockets with ovtr 627,000 huts 
of bamboo and cloth or plastic. The 
rough distribution of total quantity 
of water brought to the city shows 
die following pattern: 

The tabulation in Table 1 shows 
that die purely domestic consump
tion appears to be 1,275 mid for a 
population of 9.86 million in 1986, 
i.e. 129 liters per day per capita, 
against die national planned average 
target of 200 liters per day per 
capita. In comparison, New Delhi, 
the capital of India is supplied water 
with over 220 liters per day per 
capita. 

Bombay is die commercial capital 
of India, contributing 32% of Indian 
Government revenue; accounting 
for 25% of India's industry and 10% 
of nation's industrial jobs but ap
pears to be grossly neglected by the 
state and central governments. The 
average of 129 liters per day per 
capita of 1986, may have decreased 
to 125 liters per day per capita to
day. Due to phenomenal growdj of 
Bombay from 1950 up to die present 

date, the waur supply is not only in
termittent but unequitable. Only 
4% receive wa-cr for more than 8 
hours. 33% receive water for more 
dian 4 hours. 42% receive water for 
just 3 hours. And 21% receive water 
for leu than 3 hourt. The minimum 
period as recorded by consumers is 
very often only one hour in die latter 
category. 

In the year 1985-86, there were 
13,206 short supply complaints from 
die 9 wards of city proper, 8.919 such 
complaints from 8 wards of western 
suburbs and 4,669 complaints from 5 
wards of eastern suburbs.The max
imum for any ward was 3.132 in die 
B ward which is die most congested 
and the oldest part of Bombay The 
adjoining old portions of the city viz 
C and D wards recorded 3.016 and 
2,798 complaints in 1985-86. 

Health aspects 

One may become apprehensive 
about the quality of water when the 
supply is intermittent, restricted to a 
few hours in the day and night at 
poor pressures. During 1985-86. on
ly 323 cases of complaints of con
taminated water were recorded; 
maximum being once again from B 
Ward and die next case being C 
Ward. 307 contamination cases were 

Tha wofar supply in Bomboy, Indio, it irernittont and unequitoble due to the 
phenomenal population growth of the cif> since 1950. Twenty-one percent of 'he 
population receive woter for less than 3 Scurs eoch doy 
P' -Dro c r e d i t VVurld B » n k 
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reported an the city wards, 12 in the 
western suburb* and 4 in the eastern 
suburb*. S ward recording none. 

When such complaint! are receiv
ed, it b norma) to expect ingress of 
sewage from surcharged sewers in 
congested areas of the city via, 
A.B.CJD And E wards; and steps 
taken m rectify the situation in* 
ducting slushing through hydrants 
and suncrchlonnation using por
table cbiorination plants. 

The entire water supply of the city 
is filtered and chlorinated at five dif
ferent stations and normally it is 
considered safe to drink water in 
Bombay. Paradoxically, all major 
5-star hotels in Bombay are located 
in A ward from where 34 contamina
tion complaints were received in 
1985-86. Le. 11% of the city's com
plaints; however, each hotel has its 
supplementary treatment system 
consisting of full filtration and 
chJorination. For instance, an inter
nationally famous hotel complex has' 
a 14 mid rapid sand gravity filter 
plant in cbe second basement below 
the ground floor and die filter sand is 
capped with activated carbon. 
Filtration is followed by chlorination 
which makes the water as patho
logically safe as possible. 

Reverting to the quality aspects of 
the water supply of Bombay in 
general, there are four groups of 
sampling points from which water is 
sampled for bacteriological and 
chemical examination in each of the 

.wards o f we city and suburbs. 
Sampling points are on the service 
mains, aad samples are collected by 
mobile scfoads of trained personnel. 
During 1983-86 total routine 
samples taken for bacteriological 
analysis were 6,597, \jt. some 22 
samples sjsssr day. 92.06% of these 
samples asere totaty free from con
form bacteria. There are 11 service 
reservoirs whose waters were kept 
under surveillance throughout the 
year and 9,645 samples were ccl-

, fccted<-. . O u t .of- these - •samples, • 
9S.&5* were 

' :fc*c<erV 
:i«rre*itf 
,'. pUin ts.of -xss/M amJharjon-;cfeirih.g.prtt: .̂ * 

phylettfc'ocasures and after and this* 
number stood at 4,386 for 1985-86, 
i.e. approximately 13 samples per 
compla i r . : showing protracted 
nature o:* surveillance. The above 
figures of sampling exclude almost 
continue--- monitoring of water 
quality a' ".he 5 treatment stations 
The q-jai of water being thus kept 

under strict and continuous 
surveillance, me problem of quantity 
of water looms large. 

Water losses 

The water supply system of Bom
bay suffers die loss of usable water 
due to evaporation from the surfaces 

far over 29 km of ripeEnes either 
reflects on the good quality of the 
"* f.'P5 ! n "' construction material 
or highlights the poor pressures 
prevailing in the distribution system. 

Leakage & wastage 

It is deduced from continuous 
of impounded reservoirs which are •ooitonng done on distribution 
sources of water; non-recycling of W e B n e * w i t h i n m.e •waMpal bait* 
washed waste from 3 filter plant sta- *•» »PprowmateJy 13% of water 
dons; pipe bunts; leakage and «PP}y »lost due to leaks. Consider-
wastage; Brefighting operations; and £ 8 »•« approximately half the total 
wanton wastage. length of 1,137 km of pipelines is 

Washed waste from filters and »ore than SO years old, and at least 
clarifiera detiudge systems at 3 treat- « quarter of total length b more than 
ment plant stations U not treated w J W old, 15% leakage is a very 
and recirculated. The total water m o d e , t "I""- » » comparatively 
supply arriving at filter plants today mxnt "tuation, a new distribution 
is approximately 2,682 mid more ****** « another dry in India has 
than 2,110 mid reported earlier recorded continuous leakage of more 
because of pumping additional water A * £ ^ 5 j ? . ^ f . 5£*\ l^t 
from Bhatsa River. Total loss due to * " , " "" 
the discharge of washed wastewater 
is 14.09 mid today but may grow to 
3209 mid by die year 2000, since 
1,362 mJd of water may come to be 
treated at Panjrapur by that time. 

by 1994 the quantity would 
definitely be about 23 mid and 
steps should be initiated to treat and 
recycle this washed waste. This sub
ject is already assigned to con
sultants for study. 

Public awareness and 
political will art required 
to move away from today's 
frightening situation of 

five minutes to midnight. 

Pipe bursts 

Within die city Emits of Bombay, 
there are 1,137 km of pipelines made 
of different materials of construe* 
tion, namely mid steel and cast 
iron, some of which are nearly 100 
years old.'Bursts attended «Q..on>. 

• pipeline* up'to -t'200" mmr diameter 
rwe«>.39^%r}4mbe^dvi4i>g-3fl85 " 

•> 80* rnrti Jh diamejer. ..pf. tfye* __„. 
''.'burs/*;.33 occurred m city wards"; 4 

occurred in western suburban wards 
and only 1 occurred in eastern 
suburban wards. These occurrences 
are a true reflection of the age of the 
pipelines in 3 major divisions of the 
city; however the quantity of water 
that could have been lost is 
unknown. Considering ihe aee of 
the oioelines <.ia'!<,;<- ->!'• --.-'• 

The city is divided into 79 water 
distribution zones, and diese tones 
are further divided into 552 leak 
detection zones for purpose of con
trol over various facets of water sup
ply maintenance. Each leak detec
tion zone is made of 250 to 300 con
sumer connections. In 1985-85, for 
an entire length of 1,137 km, the 
total number of leaks detected and 
attended to was 2,227 of which 271 
were above ground. This work is 
coupled with water sampling, and a 
preliminary precautionary measure 
where contamination is suspected, 
tail-end or nearest hydrants are 
opened to flush the pipeline. In 
1985-86, the total number of 
aydrant opening and pipeline 
lushing operations was f ,796. 

Wanton wastage 

Against die above fisted sources 
and reasons far depletion of usable 
water, measures taken to avoid tuch 
losses based on' strict vigilance 
against wastage of water by me con* 
suroer are difficult to practice and 
achieve/. {*> aO ;stfWa - o f society' 

-istage of water is a common 
scourge whether the consumer 
rrsides in a rich locality or a slum, or 
Aether the consumer is educated or 
u.terate. Because of intermittent 
J-pply available at difficult hours, 
p<ople keep their taps always open 
s-: the first Hush of waier is wasted 
s-".ce the receiving bucket is not 



day's leftover water, almost 2 to 3 
buckets far a family of 4, it put down 
the drain as it is ''stale" water. 

Water k stored in every household 
in J sets of receptacles; one is die 
plastic drum of 60 liter capacity 
where general purpose water is 
stored and the second, a baked ear* 
then pot or brass tank or stainless 
stcd receptacle of 2-liter capacity 
where drinking water is stored. The 
leftover water from both die recep-
tadea it drained to waste every time 
the fresh supply of water is received 
the next day. The water supply 
authorities could if empowered coo* 
duct a survey of the wasted water 
and this may reveal a loss of precious 
13% of water, as did a 1986 private 
survey of 8 buildings in a middle* 
class locality, all situated on one 
road in H ward. This is good, 
potable, paid-for water going down 
the drain. 

There are some buildings which 
are gives the facOity of pumping 
water to die overhead tanks during 
supply hours. In two buildings out of 
eight, the pumping continues 

beyond supply hours, resulting in 
the supply main on the road being 
sucked dry and uSe overhead tanks 
oo buildings overflowing for 30-40 
minutes each day. The municipal 
authorities have to take very long 
and complicated steps to take any 
drastic measure; though the 
authorities could and should insist 
on level-switches being mounted on 
such pumping units so dutt rise 
pump could be twitched off once die 
overhead tank b full. 

The tampering of pipelines, crea
tion of artificial leaks, and theft* of 
controlling devices are daily tactics 
resorted to by residents to get more 
water man that receivable from 
stand pipes installed by the 
municipality in poor and slum 
localities. The municipal authorities 
have to paddle a soft approach since 
they are left with no options. They 
either keep on repairing such 
damages at speeds which are not 
commensurate with the speed of 
wanton destruction or face street 
battles between groups of people 
over a bucket of water. 

* » 

Donestic metered 
Domestic unmetered 
Industrial metered 
Commercial metered 
Government viz Railways and 

Port Authorities 
Erwout* supply U . supply to areas 

CulsJcJe Bombay 
TransmFssJon and Distribution Losses 

% 
37.46 
22.96 
9.24 
3.69 

844 

3.78 
14.65 

Qty. In MLD 
790 
485 
190 
80 

170 

82 
313 

100X0 2110 

Number of evsstino etan*plpee 

CflY WBTBW tAtTEMf 
WAA0S tUSUMS tUMMM TOTAL 
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wnm sas 
New standp%ss ghw fc> 1968 2S3 
Standpspa* amoved In 1988 K> 
Huntmoimar&pifmVAM .JOB, 
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Metered ccnrnction* 1W1985 2S33S 
Meiers ' : «c an NEW connections and 

nomK" c- .^metered connections 
metered c.-sq 1965 1101 

Total n*'.**: connections 1/4/1966 26497 
Peccer!»;4 ro-ease in one year 4.33 

107* 
1103 

* 68 

.-v*mn 
** 9JK 
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"wi^rgRN " 
SUBURBS 

52471 

3427 
56896 

8.53 

1014S 
1524 

• 
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•'£ASTERH 
SUBURBS 

27067 

1911 
28998 

7.05 

*1468 
2878 

•1 
-•24001V 

'. • 12L08, 
#;^'. ..-*.' 

• 
TOTAL 
104954 

6439 
111393 
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One preiacf planned to Inaeose the 
city's wafer resources by 440 ml per 
day InvoVes the constrweflon of on 
Impovndone between the existing 
Impoundoges vbt Modok Sooor 
fVoltorno} ond Upper Voltorne by 
1998. The intake tower at Voliomo 
t«ke or Modok Sooor It »hown above. 

Precarious scenario 

The daily migration of some 300 
people into die city, jpurred by 
political arife, drought, poverty and 
hopes for a better life in a bustling ci
ty, exacerbates Bombay's precarious 
nater supply situation. In economi
cally poor localities and in slums. 
water is supplied through stand 
pipes and tie statistics in Table 2 il
lustrates the {rowm of these popula
tions in die aty in just one year. 

From these statistics, one can in
fer mat depopulation mat arrives in 
the city at two terminal raOway sta
tions and at the State Road 
Transport Terminus do not leave 
the ary tj stay fa the suburban 
areas, and ike Inhe quantity of 
water conuaues lobe supoGed to the 
totasbf fopulauoa. This it the 
***** * * v * « 21% group reported] 
earner mat receives water for less 

. $ • ? TO I ^ . J f c located in the 
num city wards' and ' 

s > » ^ - . 

:~'man city* wards and no; in die,- .:.«.,.» 

, ^ ^ ^ ^ ^ f l t J c ^ d * e % 1 1 f e « « * •••^;!-
>' . crrijjf'.in' die^.njjoib.e^ .of-'jrle'tercd,:-..'.., ;'• 

£c*1..-.ecfiofjj"<QLrld--be an in'dicatdr'of 
hc«' the same quantity of water is 
rr.= :'t to go raund more people. The 
increase in metered connections in 
either of the suburban areas is more 
ihar. J 'A times that in the city in
dicating residkntial building activity 
in the suburbs and growth of 
eccrmicaUy comfortable people in 
t Y : ' a r e s 5 


