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INTRCDUSTICN

The patitern of water use and related pocllution problems is changing very
rapidly and the availability of inexhaustible or unlimited water resources is now
a thing of the past. Sooner or later in many African ocountries and, for that matter,
in many other developing as well as develoned couniries, water shortage will become
or is alrsady becoming an important problem, The recent drought in many countries
of Africa and its deleterious economic and social effecis have perhaps helped fo
highlight the importance of adeQuate water resources for a country's development.

That no life exists without water is not an overstatement; with the current
increased demand for water and the limited availability of water, the survival of
life may in fact be at stalie. It is, therefore, important to direct every available
effort towards the planning, supply and managsment of water systems in order to
ensure adefuate water quality, prevention of disease, enhancement of comfort,
protection of livestock, etoc,

Water management, especially in the water-shortage couniries, will become an
important factor in future development and economic planning. Proper management
will be required; due coneideration will need to be given to such techniques as
re-uge of water, the use of non—conventional -sources of supply; the establishment of
national as well as regjonal water grids and the review of water rate siructures.
There will also be pressure for mnre efficient methods of water usage.

Governnents will have to play a more effective part in the planning, design
and proper management of water systems, including shouldering the major share of
costs when water is publicly supplied, and in formulating rate structures that
refleot demand and supply consiraints., There will alsc be a need for Governments
in conjunction with the relevant bodies, to formulate more up-to—date and effective
policies fto ensure the Yest uge of water resources,

‘This implies that Governments will have to make an assessment of the foreoseasable
demand for water so as tc enable them to anticinate water problems in specific
geographical areas or sectors of the economy, recognize ithe factors that might be
changed in order to forestall problems or avoid worsening ths situation and re~
cogrize the Tactors that may be implicit in current social objectives (where these
exist) and practice, which may have a significant effect on water use but which
have not generally been considered to reduire management and control for the purpose
of influencing water policies or practices,

The main ~auges of ever—increasing demand for water are: population growth,
oompounded by the accelerating influence on consumpiion of improved standards
of living arising from increased urbanization rates; and the increase in growth
taking place in commodity production and service industries in both relative and
atsolute teruvs.
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*
WATER DTEMAND FOR HUMAN SETTLEMENTS(I)

Daily water demand per human being varies between 15 and 200 litres, depending
mainly on climate and physical activity. Dally per capita domestic consumption
averages 15—-2C litres in rural areas supplied by public welle and about 100-150 litres
in residential urban areas supplied by house comnexions,

In addition, rural seitlements need water for livestock and irrigation which
may in quantity considerably exceed that required for domestic uses in arid and
semi-arid regions. The significance of adequate water supply for health and welfare
needs no emphasis., This applies particularly tc conditions in the developing
countries of Africa where scarpity of capital precludes the transport of water from
distant sources. '

Four major factors influence the level of water demand in a given locality:
(1) the income level of the inhabitants and its distribution among the various
groups; (ii) the facility supplying water to users; (iii) customs and traditions
in water uses; and (iv} the charges for water, where levied. These factors should
always be taken intc account by the planmners in order that an effective water
system supply is developed.

The major categories of water demand are given below,

MAJOR CATEGORIES OF WATER DEMAND

The main components of water demand are usually grouped as municipal, agri-
cultural and rural, and industrial (see attached figure )s There is no universally
accepted classification of these componenis as there is usually some degree of
overlap among the categories in addition to differences in definition and interpreta—
tion. Some categories dc not fit under any of the above three groups for example,
recreation, the preservation or extemsion of swamp and weiland habitat andoonservation
or utilization of estuaries.

The abtove categorization refers directly tc human use of water; however, water is
alspo needed and used in the preservation or restoration of the enviromment which ie
indispensable for human well~being and survival. These requirements are of paramount
importance not cnly for individual nations or regions, but also for the entire world.
ater is also needed for the well-being of plants and animals, which bears directly
or indirectly on the well-being of man, who depends to a large extent for hig live-
lihood on plant and animal life.

Agricultural water demand

ater is one of fthe bvasic inpul factors of agricultural production. "hereas
in bumid regions rainfall usually supplies water, in arid regicns virtually all the
water required for agricultural production iz provided from external sources
such as neighbouring rivers or ground—water. In intermediate climatic conditions,
water demand for agriculifure is frequently met by means of a combination of on-site
and external syDpLy.

* For references, see Page 14.
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Irrigation may be expected to-become the decisive issue in water resource
development. Firstly, food productien for growing population and rising living
standards calls for'.the intensifiocation and expansion of agrieulture, for which
irrigation may be a basio tool and pre—requsite in the arid and semi-arid zones;
secondly, irrigation is a comsumptive use of water which unfortunately excludes
or largely reduces the posaibilities for recycling and multiple use; and, thirdly,
large-scale irrigation schemes and their supply systems have a significant impact
on the rural enviromment with potent:.a.l long-term effescts on regions far from the
gite of the schemes,

Agricultural water demand also includes driniking water for livestock as well
a8 water for fisheries and poultry., In many instances, the filling and replenishing
of fish ponds may require significant amounts of water, if such ponds are a basic .
souroe of fish produotion and if evaporation losgses are high. Forestry is bas:Lca.lly
on-¢ite water use and foreet management practices ma:r oons:.darably affect the
mrall a.valla'bilrty of water remources.

Another usa of wa'ber in agriculture is for d.omestic supply. Domestic water
use is a :mnct:non of populat:.on, accessibility of water supplies and the mumber of.
' wa'lzer—uaing household appl:.a.nces.

In some countries the populat:.on employed in agriculture is d:.sparsed. over the
land; in others it is concentrated into villages that are served Wy commnal water
system.

Ru:ral wa,ter regg;gements

The amount of water requ.ired. for d.omeat:.c purpoaea in raral areas is u.sually
a very emall percenta.ge -of that needed for irrigation and stock watering, Health :
is an, importa.n‘l: oconsideration in rural water supply, since it is in rural are.as
that wa‘her—-borm diseases are a serious problem, o

thereas the magnitud.e of the cost of rural water aupply may be negligible in
some countries, in others with large areas and a bigger and widely dispersed popula~
tion the problems can reach staggering proportiona. In such circumstances the
planning of investment in rural domestic water supply mst be an in‘tegra.l part of
the planning for oanital infrastructure in genera.'l..

lﬁmn.cing]_. wa.‘ber requirements

In:.nio:.pa.l water use is itself a mix of household, public, commerpial, industrial
and other uses. IHMajor uses include mamufacturing, waste disposal, domestic uses
end rublic uses., Munjcipal water requirements for mamufacturing m.ll be dealt
ith 4n the section on industrial water requirememts, while those for domestic uses
ara covered bhelow,

Iith the increasing awareness of envirommental faotors in urban areas, demand
for water for waste disposal is likely to assume considerable importance; because
of its very nature, ‘water for waste disposal purposes should increasingly be
gontrolled by the Government as waste disposal, like irrigation, conflicts most with
other uses. In contrast to the sphere of :.rrlg-atlon, however, the rangs of teohnology
for the disposal of wa‘ter-borne waste is relahvely m.de.
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For mosSt municipal purposes Wafer is needed in relatively 1arge'anq contim-.
ously or frequently renewed quanfities. In most cases investment and maintenance
costs as well as technical, managerial, and institutional difficulties associated
with long distance dictate that the sites where water is drawn from nitural sources
should be within reasonable distance of the locations where it is to be used.

At present the relative abundanne or scarcity of 1ocal water resources is by
far the most important factor determining patterns. and trends in water use, If
local rescurces offer an abundant and inexpensive supply for all uses, population
growth and economic ex»nansion will be reflected in a rapid increase in the sunnly
of water for dlfferent NS ese

Demand for communlty water supply (2)

Over the last quarter«centuny therc has been a Substantial 1ncreaae in the
movement of people from rural to urban areas in the developed as well as the
developing countries. This shift in populatlon has talten place at an unprecedented
rate. Inevitably water use increases with urbanization: ways- of life ohange,
population density rises, industrialization inoreases and water users multinlys

In almost all narts of the world, including Africa, these changes are accomuanied
by rapidly rising consumption of water for pullic purposes such as fire flghting,
street cleaning and watering of public parks. ‘

The task of supplying water to urban communities, though it poses many problems,
is far simpler and cheaner than that of providing water to rural inhabitants., One
unit of expenditure covers a greater mmber of people in urban areas than in scattered
villages or even more widely dispersed individuals in the countrysides Nevertheless, -
it is on these scattered villages or widely dispersed rural dwellings that the major -
emphasis in water supply will have ito be placed; the bulk of the population in Africa
is to he found in the rural areas, which are also worse hit Yy most diseases and
health problems, and conseQuently rural water supply should meet the higheat
standards of quallty consisteni with tha economics of supply.

Stgges and trends of rural and urban water demand

In any miven location the development from an atsence of piped water supply
towards a community” service with up-to-date in-house comnexions and plumbing usually
takes a long time and is phased over different stagee of supply.  This.gradual
development reflecte the basic principle of allocating scarce capital resources to
provide social benefite for the whole region or country.

Industrial water requirements
The use of water in industry

The major groups of water uses in industry include: cooling, processing,
boiler water and general uses (drinking, air conditioning and cleaning)s . The percentaze
shares of these major groups.vary condiderably from case to case: cooling uses in
power indnstry'and mamfacturing appear to be the major use in most of the countries,

Process water is water in nmamifacturing plant which comes into direct comtact
with the intermediate or final product and may be divided into two grouns: (2) water
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entering the produot, as in canned food or beverages, and (b) water used for
functional purposes, such as washing, flotation and transportation.

In the case of boiler water, a distlnctlon should be made between steam genera-
" tion for -power productlon on the one hand, and water for manufacturing purposes

on the other., In pract1cally all industrial establishments water is used for

more than one purpose. Prior to and in the course of its various uses, treatment

of the water, such as softenlng, coagulation or iron removaly, is frequently
regquired.. :

Major water—using industries

There are great differences between various branches of indusiry in the
level and nature of their water requiremenis. As mentioned above, water for use
in cooling of thermal power plants and in manufacturing is usuzlly the dominant
requirement. In manufacturing industry the mefal industries,.the manufacturing of
chemical products petiroleum refining and paper production are usually the major -
water users, Mining, including the extraction of metallic compounds, oil and gas
also uses significant quantities of water for washing and drilling,

Requirements for water in the production of thermal power are for boiler
feed and codling. Boiler feed requires relatively pure water, although in
relatively small amounts; cooling, on the other hand, requires relatively large
amounts of water which can be met with water which is not usable for other

purposes.

In the drilling of oil ard gas wells fresh water may be lost by being mixed
with brine. Coal mining causes various pollutlon problems as a result of drainage
of ‘acids by water meving through coal beds that are exposed to the air. Cenerally,
water requ1rements for mining and drilling are relatively small._ : : :

Considerable differences may be found between the various indusitrial water
uges with regexd to the ratio of the donsumptive use of the total use as well as
the amount and nature of the water-related wastes. Important distinctions may
also be made among the various uses with regard to the level of supply required for
uninterrupted and complete satisfaction of demand.

Water as an input factor for indusiry

- Water ig not a major input factor for industrial development, at least from
the point of view of cost, since the cost of water supply represents only a very
amall fraction of total production costs or of the value of output, This may not,
however, be the case of the future; as a result of pressure of demand for water and
diminishing supplies from natural sources, coupled with lack of proper management,
not only will water constitute a major constraint on industrial development but,
in addition, the unit cost of water will rise substantizally,
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—ghrean wate i

In-stream uges occur when water is not drawn from its source of supply but
is used ag it follows a designated channel. Hydro~electric power generaiion,
navigation, certain types of water—based recreation and waste disposal, fisheries
and wild 1life habitat fall into this category. Certain of these uses compete
with each other, while all of them compete with withdrawal uses.

Depending upon the distribution of economic activities along the river
and according to the seasons (where this applies), certain flow uses may be
complementary with each other and with withdrawal uses. The mosi troublesome
pre-emptionof water in areas of dense population or urban areas is waste disposal.
On the other hand, in arid or semi~arid regions the main primitive use is likely
to be irrigation.

Generation of hydro-eleclric enersy

In areas endowed with water resources and other physical conditions suitable
for hydro—electric generation, the amount of electricity generated from the
hydro—electric source is determined by evaluating an alternative combination of
generating facilities to meet the demand for the area at the least coste. For
most African developing countries alternative types of generating facilities
include fossil fuel (coal or oil), gas—turbine and conventional hydro, plus
possible inter—connexions with other power systems.

It must be emphasized that an appraisal of the hydro to be used for
electricity generation must also take into account all the possible multiple
uses of river water. These include irrigation, navigation and flood control.
The use of water for these multiple purpeses involves some degree of complementa-
rity (3)o The production of hydro—electric energy and associated water require~
ments involve problems of assessment and estimation. First of all, it is
necessary to establish the role of hydro power in the spectrum - i.e. whether
the energy is for base load or for peaking, the seasonality of demand, and whether
the generating plant is of a run-off of river or reservoir type, Information may
also be required on whether the hydro—electric power generating plants are to
remain unused during cexrtain parts of the year,

avigatio

Water requirements for navigation can be assessed either by determining
arbitrerily where navigation shall be supported, or by aseertaining the relative
merits of different forms of transport.
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The use of barriers and locks will reduce water reCuirements for navigation
1o a very small fraction of what is normally needed in a free-~flowing stream.
Consequently, for a given increase in carrying capacity, the choice lies between
diversien of water from other uses or a capital investment designed to reduce

the use of water.

Tater-besed recreation

Recreational ases of streams are likely to imply requirememts that coincide
with those implicit in the maintenance of high envirommental quality. Thus it may
he possible for demand for water for recreation to be anclyzed first of all in terms
of the comparative merits of alternative economic activities such as tourism versus
industry before attempting to measure intangi%les, It should he noted, however,
that some recreational uses of water, such as boating, may themselves represent
sources of pollution, although such sources of pollution are likely to be minor
compared with municinal and industrial wrastes,

Evaluation of the recreationzl uses of water is relatively difficult because
the water as such does not usually figure in the nrice system.

The demand for water for recreation varies widely in guantity and form; some
needs are obvious and direct, for example for boating, while others are remotely
connected {o water such as the shooting of birds, on an area which requires wetlands
for nesting many miles away. Some arise from a broad cross-~gection of the population,
such as swimming.

On-eite uses

Onrsito uses of water consist of those activities which reduce run—off rather
than appear as an exhaustion of or charge against the water that is meesured Ly
run-off. On-site uses can be distinguished as (i) land use practices and structures
designed to conserve soil end ground moisture, and (11)'uses of swanp ahd wetland
habitat.

ater w1thdrawal is the phjSlual dlver51on of water frOm a stream or body of water,
1nclud1ng groundwater, for use,

HATER QIALITY

In the course of cur discussions reference will be made, from time io time,
to the.question of water quality. It is worth emphasizing. the fact that water
quality will vary from country ico country and within each country. The maintenance
of health is a paramount comsiderafticn. Generally spealding, the nrovision of
domestic waler supply is a cuestion of water treatment and delivery rather than a
question of waste treaiment. The discharge of poisonous industrial wastes must be
prohihited or carefully regulated since many are not amenable to waste treatment or
water treatment except at -rohibitively high cost.

There is a relation beftween the cost of treating water and the cost of treating
wastes, tut in most circumstances, excent where particular industrisl wastes are
involved, the cost of rendering water safe for human and animal consumption is not
gpecially sensitive to the desree of treatment given to orpanic wastes. The quality
of water in rivers and lakes, however, will be related to the supnort of high quality
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aquatic 1ife anid “he ute of weter for recreation and aesthelic purposes. The proper
level of water Qualisr will thus vary depending on the concurient or sefuential

uses to which ihe weter it put. In so far as these uses are msasurcble in economic
terms, thay 117 bo vart of the national bill of goods and it will be nossible to
make the sela:lion of the quality standard pari of the cost-minimizing or net-
bencfit-mavinizing analysis. It is, however, doubtful whether moeny of the African
countries have wcachz2a this level of sonhigtication or have the manpower capaocity
to undertale such an analv is,

Some »f the msjor factors imminging on water Quality are discussed in the
next sectiol. '

Yater—borns resiénals (1)

NNater—herns residucls may be classified according to their degradability:
that is, their potential for being assimilated into, and redered harmless by, the
enviromrents. Tiae degradavility of a residual is a function of its resistance to
decomposition into woire Wwaic natural elements., '

fezidials ars of a desradable nature when etnposure to chewical or hislogical
processes alters <hem or removes them from pollution or suspension. Some living
organisms are also corsidsred to be residunals, and their concentration is used as’
an index of the inilnence of water Qquality on human health, since pathogenie bacteria
viruses moy be insluded. Arother Xind of degradable residual is ammonia, which
can be bioch-mically raduced to niirste, asmimilated in algal synthesis and consumed
a3 a rmutrient b cninal iife.

A scezad grevn of residuals arz of non-degradable ypnes: ihezs are not decomposed
or altered Ty biological or chemical processes, and are 1"'135,11 measured as a
ooncen‘brc,un nn TTJ.“tnl_l tre water; they are fvenera.lly irorganic and are of sta.ble

nature: the sodium ion iz a good example.

A ghird group is made vp of residuale vhich heve a consistent or toxic nmature
or both; they wwy bz organic or inorganic, degra,dahle ar mnrﬂfne,da.ble. The
degradsbie renidnsls within these groups vsually rewiize a leng tinu, of the order:
of dacades or cenituries, for decomposition. Tyrical ezamples &sre radic-active
materials, sorsz pestisides and various syuthetlio chamiculs,

A Lovnth grony ronsists of residuale of a physicsl naturs. cuch as evaporation
and hest, JOvapcoration concentrates deleterious residnals inéo a craller cuantity
of wiater; higher viasate heat san directly harm fish and agwatic plauts, -apart from
reducing ile d.dgolied oxygen of saturated level of waler.

_'T.J‘!,_me; of res? idnal generation (1)

Tacre are tus majrr types of generation of residuals: po/nt ard dispersed.
Indnatry cften nuwodie:s and discharges residuals at a well designed location, whereas
municinalities colleot wastes at central points, These two are referred to as point
gsource of re3iundslu, The discharzes from this point ecurces iend themselves to
efficient waste txnuiment uethods and only a small munber of them are 1-espons:|.ble
for meat of the water usce nuder discharge of residwnals.
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Dispersed sources of residusls originate from agriculture, mining, lumbering,
construction and natural resources. Dispersed asricultural nollution resulis from
sadiments »roduced by erosion of the land surface, animal feeding operations,
especially in arid and semi-arid regions, pesticide compounds which are generally
resistant to hiological dezradation and mutrient enrichment of waters by fertiligzers,
particularly nitrogen and vhosphorus,

. Acid drainage from mining operations is also a source of water quality degrada~
tion arising from a dispersed scurce; the greatest effect is on the hiological life
within the sireams into which the drainage is discharged.

Effect of residual disposal on watber quality

The ability of bodies of water to assimilate the degradable tynpes of residuals
varies greatly, depending, inter alia, on the physical character of the water,
temperatures, existing residunls load, the manner in which the load is discharged
(point or dispersed), snd aguatic pollution, Non-degradable residuale such as
dissolved salt and nersistent residuals such as DDT will not casily asgsimilate;
luckily small quantities of these can e rendered harmless. Nevertheless, their
effect in a body of water varies considerably depending on the vhysical parameters
of the system in the acuatic ponulations

Not muich work hes been dons, especially in the tropical waters of Africz, to
establish exaotly the effect of disnosal on water Guality in the different types of
water channels such as canzls, lcles pounds, rivers, seas and oceans, This is an
area which requires a great deal of attention, both from the national point of view
and for the whole region. The extent of desradation may have not reached the levels
of those of industrialized nzatione tut sconer or later this may occur unless ’
appropriate action is talken to ensure that the quality of water in these areas is
as high as can be attained with minimum possible costs. It is apparent that the
importance of water to development has not dawned on many planners and policy-makers
in many developing countries, including those on the African continent, This may
perhaps be the reason for the apparent laxity with regard to the maintenance of high
water quality. - The situation should be remedied aa soon as possible: otherwise
the prioce of negligence or lack of action will be .dear indeed. '

3

Fffect of water quslity on water demand

The use of rivers for disposing residualz fredquently has a deleterious effeoct
on water quality and other water users. Recreational and municipal vsers ‘
a3 well as commercial fishing are especially senmitive to water Quality changes; these
useg are often limited when a certain concentration of residvals is an important
factor in determining the nroductive value of water in indusirial and agriculture
uses, :

Water used in industrial process and wilers must, as we have indicated above,
be generally of a higher quality than cooling water., However, depending on the
length of the river, as more and more users recirculate water through cooling towers,
the initial quality of the cooling system becomes very importants In fact, the
quantity of water required for blow—down in a wet cooling tower is roughly prevortional
to the concentration of certain salts in the intake so that withdrawalsforceoiing

W >
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tower make-up requirements increase directly with the increasing salt concentration
in the water supply. As the temperature of water supply increases, a thermal
electric plant incurs penalty cnsts since it muat withdraw more water per kWh aszi-
erated ~ and hence the value of water as a cooling medium declines. Luckily for
many of the developing countries of Africa, the level of power generation has not
reached the proportions that would unduly affect either the salt concentrations of
the river or unacceptable temperature rises.

A major detrimental effect on irrigated agriculture is that of high salinity
levels, Irrigation salinity problems may be caused by salt locads contributed from
natural resources, the concentration of existing salt by consumptive use cf watler
in irrigation and by irrigation practices. Higher salinity levels in irrigation
water tends to reduce crop yield., Salts dissolved in irrigation water tends to
acoumulate in the soil on which it is applied. In order to maintain productivity,
therefore, additional water must be applied to flash out the galt dissolved. Hence
decreased water quality necessitates increased water withdrawals in order to maintain
crop productivity.

The overall cost of degraded water quality to a region can be sizable; it is
possible to estimate this cost as a function of water quality. Although not much
work has been done in this respect in Africa, some estimates have been done in such
developed countries as the United States, where, for example, the total penalty of
rising salinity in the Colorado River has been estimated. The cost comsists of
two paris: direct cosis attributable o yield decrements in agriculture, increased
water withdrawsls, and treatment by industrial users and municipalities; and indirect
costs attributable to overall regional economic losses due to @egreased productivity.
The direct costs are generally much higher than the indirect costs; the total penalty
costs amount to over .25 million, :

UATER DEMAND AND THE HUAUTH STANDAED .° - . . ...
As we have said above, adequate water:suﬁﬁlﬁ;ﬁaﬁiéﬁ&i&éﬁtﬁ§é§§iﬁtzbn;§&§{1éﬁbl
of helath of the inhabitants, The level of water supply msay affect thehealth - -
standards of human settlements in two main ways: (i) the quality of @iking water
has a direct health effect and (ii) the uses of the water available, e,ge bathing,

cleaning, have an indirect effect upon the health conditions of the usersy. .-

It is, however, difficult to give an overall gmantitative oriterion on what
constitutes an adequate level of water supply, pvartly because of the wide range of
adaptability of human organisms to a given local condition; for example, water of not
more than 500 ppm (parts per million) of dissolved solids is used as standard drinking
water in most humid and temperate regions, whereas waters of 1500 ppm are used without
apparent harm to local inhabitants inthedesert regions where only water of that
salinity is available, The cumulative character of some of the health factors as

well as their interrelation with other factors affecting human health are also partly
responsitle for the difficulty in giving a quantitative criterion.

Many diseases can result, or do result, not only from the lack of water, ut
also from its unhygienic character, This include acute bacterial conjunctivity,
amoebic dysentery, hookworm disease, bilharziasis, cholera, infection hepatitis,
typhoid fever. The list is by no means evhausiive.
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All theée diseases,aud more, are still prevalent in practically all African
countries, a testament to the fact that water supply systems in many of these
countries, especially in the rural areas, and to a large extent, in the urban slums,
need further develcpment and improvement,

It is practically impossible to estimate the toll of these diseases because
of the lack of adequate data in many of the develoning countries of Africa.. The
effect of such infections, essentially due to poor sznitation and consequent poor
hygiene, is that they create undesirable waste and inefficient utilization of
human energy. This is in turn reflected in the inability of the affected people
to contribute to the country's development.

Although no records of similar studies are readily available in Africa, studies
from other parts of the developing world concerning the effect of the level of
pived water supply upon health indicate that during the neriod with the increase
of per capita water supply, there has been a significant fall in deaths occurring
from cerfain waler-borne diseases like gastro-enteritis or dysentery (1). ,

Although it is diffionlt to estimate the actual money values resulting from
the development of rural water supplies, or the lack of it, they are substantial.
The mamifacture of materials and equipment, much of it local, the employment of
labour during construction and for subsequent operation and maintenance, the
improved health and sftandard of living, increased agricultursl productivity ang,
indirectly, the stemming of the unidirectionel migration to the urban areas with
its consequent socio-neBychological sirains — all these are desirable and tangible
positive outcomes of the proper development and management of rural water supplies.

COST OR FRICE OF WJATER SUPPLY

The most easily accessible sources of water will be used first, so that the
cost of water supply will normally manifest a steadily increasing trend in a given
location. The rate of increase is wsually relatively small as long as conditions
of overall abundance of local water resources nrevail. However, contimwous incresses
may dbe experienced in periods when increases in water uses approach the phymsical
limits of the water supply locally available (4). ' '

A regime of inoreased rising costs is the inevitable result of having to look
for solutiouns based on more efficient use and augmentation of supply within the
area and diversion from other locations and regioms enjoying more abnndant supply.

Effect of technology and cost on the level of demand

Beoause of the overall scarcity of capital, the specific cost of water supply
services and the technological solutions for lowering these costs are major
influences on the level of water demand in the develonin; countries. As we have
Baid above, in the rural areas the distance Detween the gstand-pipes and the number
of persons served by the single tap or well are the decisive factors controlling the
level of demand. The number of nersons so served varies yridely from country to
country and from area to area within a country. The small size of rural comminities,
which are frequently widely scattered, causes problems in providing service, It
has, however, been evident for some years that more ranid nrogress in affording
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rural water supply could be achieved if major advances were made in planning, design,
construction and proper management as a result of technological innovation in
these areas. .

This may include simplification of the systems and of equipment and the use
of universal standard specifications. It may also mean an ingenious use of local
materials, as is well illustrated by the practice in Indonesia of using bamboo pipes
for distribution; consiruction and maintenance costs were thus reduced considerably.

GENERAL COMMENTS

Yater resource potential for development

Bxtensive droughts and accompanying shortages in water are repeated occur— ‘
rences in both the developed and the developing areas of the region. The shortages
in some cases may however reflect not shortages in water but rather shortages of
capital available for water resource development; they may also reflect the lack
of foresight and co-~ordination underlying water resource development. ‘later resources
will play an increasing role in development, but will not constitute a limiting
factor for development.

Then dealing with water resources, it is necessary to bear in mind the
following important considerations, relating to (a) availability of water supplies,
(b) the efficiency of their use and (c) the role of water development.

Some of the factors that relote to the develomment of and the raising of the
notential availability of, water supnlies have already been discussed above.
Suffice it to say that facilities for fthe long~distance conveyance of water as well
as regional and mational water srid systems are gradually weakening the location
constraints of available fresh water supply within and among the major river basins.
There are very considerable vosgibilities for satisfying the rising level of water
demands by increasing efficiency of water use. The relatively low rate of consumptive
water use in mamifacturing and in in-stream power generation offer far-reaching
onporfunities for decreasing withdrawals of water for industrial use through recycling
and improved in-plant woter management. |

The foreseeable overall intensification of agricultural produotion, and the
advance in irrigation technologies, open waye to achieve a significant increase in
the efficiency of water use in irrigated agriculfure, where efficiency is currently
extremely low. ‘ .

Recent experience in arid regions indicates that recycling treated waste water
and other measures increasing the efficiency of water use may be expected to play
an important role in municival water supnly as a result of the rising cost of supply
in the latter sector,

The need .for, and the possgibility of, integrating the rhysical, economic,
engineering, soecial, institutional and political aspects of water resource develop-
ment has been clearly defined and its particular relevance to conditions of develop-
ing countries including those of Africa is well documented (5)e Such an approach
to development may be exmected to renlace, albeit grodually, the presently prevail-:
ing practices characterized too frecuently by structural and managerial failures
contributing, inter alia, to low efficiency in waler use.
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It should be emphasized that water resource potential for future growth and
development must be viewed in the light of its interrelationship and interdependence
with other resources (6). One such interdependent development in relation to
irrigated asriculture has been mentioned above., Similar interrelations may also be
found with regard to long-—term persnectives of economic development, These include:z

l, Energzy, which is a basic resource reQuirements for both large-scale water gsrid
systems and desalination, Tuture potential of power seneration, including geothermal
and solar enepgy systems, can therefore greatly affect the feasibility of water grids
in many countries of Africa in the years to come;

2o Combined resources exploration and utilization may offer o significant reduction
in the cost of supplying each of the resources involved: for example, extraction

of chemicals from sea water or geothermal brine in combination with water desalina~
tion or the utilization of geothermal and geovressure resources f{or energy and

water production;

3. The reasonable and feasible resource combination varies from site to site and
from case to case; irrigation with lrackish water might cause, for example, deteriora—
tion of certain plants and soils, on the one hand, and might lead to success as
applied to the other plante and soils on the other.

Covermment sirategies

Assegsment of nresent and future water demand is closely infterrelated with
govermmental strotesies. In fact the task of assessing present and future demands
for water orginates from the responsibilities of local, national and regional
povermments in formulating development »rogrammes and policies.

Jater is one of the resource factors to be assessed and considered when

decisions are to Le made among possible development alternatives,. The. differont _”? o

levels of Govermment hierarchies have important roles to play in Doyiinupqur

relating and guiding the demand for water through legislation,. aosf>gpdxgw PRI
structure, research and development policies, and other mezsures comdiderad:w ‘Ehin 4’
development and managemeni sirategies. Governments have 46 estimaiﬂpgagt dfitain )
the institutional framework invested with the task of assesaing prsﬁﬂﬁ%ﬁ S *uméT'; o

water demands, which should include, in a closely imterlinked framework, d
acqugsition systems, research units for elaborating and improving methodblogy and
operational units to undertake, revise or repgat the presemt and future assessment
exercise at appropriate intervals.

The range of alternative patterns of water use and alternmative ways in which
supplies are developed is likely to be quite large for a country as a whole,
Decisions regarding water rescurce development should be very closely related to
other forms of investment such as transport, storage and marketing facilities, %he
processing of raw materials and mamfacture of final products, and education and
health., The decisions should also be c¢losely related to the availability of ecapital
resources to individual water users.

A national nolicy for population grouth and dispersal may play a vital role
in establishing the ultimate limit of water rescurce development, the speed with
which these limits will he approached and howu these limits will differentially
affect each area region or basin. Decisions regarding activities, areas or regions
that are to receive favoured treatment will usually be made at the governmental
lewsl,
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Figure 11

PRINCIPAL CATEGORIES OF WATER DEMANDS
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