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ABSTRACT

Integrated spproacheg to water resources management
in rural areas in the ESCAP region

This paper places water resources management at
the centre of rural development strategies and argues for
an integrated multidisciplinary approach. Technical
aspects of this approach are reviewed, including the

. .assesament of water regources by type, the means to
increase ava11ab111ty, ‘and the need ‘for corplementary
.information on land, ‘topography and soils. Factors
determining water requirements for agricultural and

. . .other pyrposes in rural areas are also briefly discusgsed,
and environmental and other problems associated with
..... different types of water resources projects are congidered,
The getting up of national bodies to co-ordinate all
-aspects. of water resources management is pr0posed.

.....

........

..........

tratlve arrangements, are reviewed in each case. Brief
...... descriptions are Prov1ded of ongoing water management

projectﬁl"iﬁ'Indla, the Ra'jasthan Canal and Western
+-.. Jamuna Canal projects; and the Coimbatore ground water

end tank irrigation modernization projects ‘hoth in
.. Tamil Nadu @tate). In Sri Lenka, the tank modernlzat1on
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L. INTRODUCTION

The improvement of the quality of life of human beings ie the most
important quectiveroﬁ any development policy. Basic needs of food, shelter,
clean water, employwent, health, education and social security are fostered
by the promotion of appropriate development activities. Nevertheless rural
creag in the ESCAP region have generally continued to remain at subsistence
levels even though efforts have long been rade to improve their social and

economic conditions.

The United Nations Conference on Humen Settlements {Habitat) Vancouver,
1976 stressed that 'Planning for rural areas should air to stimulate their
econoric and social institutions, improve general living conditions and

overcome digadvantapes of scattered populations"

The Coanreﬁée further noted that in the less develpped countries,
more than hélfltﬂe ponrulation foes not have reasonatle access to safe an&
arple water supplv. During the curvent decade, the Un‘ted Nations and its
agencieé have, through a2 series of conferences, spotlighted the unsatlsfactorw
s1tu§t10n in ﬂOSt developing countries and urged the 1mnrovement of these

conditions and the attainment of ‘certdin’ goals by the vear 1990,

v

Rational use of water resources requires an integrated approach in
which, aspects of water quality and quantity, environment and the physicel
quality of life of man are all associated.. The activities relating to water
development programmes should take into consideration all environmental and
ecological aspects ‘0 ag to preservé the water quality and, quantity required
to satigfy human needs for present and future generations. It has been
recognized that even with the most optimistic assurptions about the future
ratés of industrialization and economic growth in developing countries, the
. capacity to ahsorh the rural manpowdtr in non-agricultural sectors w111 remain
limited, The bulk of the rural population will therefore be dependent, in the
short end medium terms, on agriculture and allied occupations. Agriculture
will continue to be the mainatay of the rural economy and will have to play
a major role in raising the level of productive employment in the countries

of the region.

The annual rate of increase in population projected up to 1985 for
countries in the region varies from 1.5 per cent to about 2.5 per cent., Apart
from a few countries like Burma and Thailand, most countries of the region
are food importers and the food deficits are increasing hecause food production

has been increasing almost everywhere less rapidly than food demand.
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In several countries, most of the reasoﬁably available land is already
arable or in permanent crops. Orly in & few countries, like Indonesia, the
scope for expansion of cultivable land is still congiderable. TFor most of
the ESCAP region, the strategv for the technological transformation of
agriculture must therefore be focussed on increasing land productivity

rether than on increasing the amount of land under cultivation.

Land productivity can be increased by multiple cropping as well as
by increasing the yield per crop. The utilization of water resources for
"irrigaﬁion will, in most areas of the region, he the key to the strategy

for obtaining increased productivity of the land ind will sometimes create

opportunities for aquatic production.

In the short term, there is en immediate need for modernization of
existing irrigation systems which are already constructed and for improving
their compatibility with aquatic production. The distribution system down
to the individual farm has to be properly planned and laid out, In most
coﬁntries, the planning, by the formulators of the schemes, stope at the
mein canal., The farmers are left to their own devices to adopt make-ghi ft
arrangements to take water to their farms. Properly constructed drainage
systems exist only rarely. This situation must be remedied if controlled
irvigation is to be practised for exploitlng the potential of high yielding
varieties of crops.. Irrigation svstems should be so designed as to create

ponds for enhancing fishery production.

The long term stratég& would Se the implementation of new irrigation
schemes which would be planned to exploit the water resource potential after
takinglfnto—consideration all of the environmental factors that would govern
such dévélépment. Use of surface water, (with and without pumping), should
of course be based on the hydrological potentlals of the project area. “In
several areas, ground-water sources can also be used to advantage either
for 1ndependent irrigation development or to supplement surface water sources,
especially, in times of drought. A large percentage of the developing world's
irrigated areas {about 5N per cent is in the ESCAP region and it is possible

at least to double this extent bty proper husbanding of the water resources,

In view of the large capiial outlay usually required to implewment a
strategy for new irrigetion development, appropriate technology to suit the
factor endowments in each country or drainage hasin has to be adopted.
Adoption of labour intensive construction rethods can utilize the large

labour force in rural sreas and, at the same time, effect saving of the

/limited
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limited foreign exchange resources. Coﬁpléh with the efficient use of water

R

is the provision of fertilizers and pesticides for the attaining of the

-3

increased yields.from the cropping. Both the latter need to be carefully
regulated lest the fishery potenti;ilof the locality be needlessly eliminated.ﬂ
Adequate credit: will be necessary as the demand for agricultural and aque-
cultural inputs will increase with tﬁe Eealizationvof*the advantages of

intensive cropping systems and a stabilized water supply.

The eculture and tra@itions differ among countriessin the region. Some
of the rural societies are flexible and are receptive to new ideas and innova-
tions whereas others are conservative and rigid. In the latter type of
society new technologies may be résisted because ‘the hiererchical basis of
the community may. be endangered, Commuﬁity activity and social attitudes '
must change if agricultural and associated fishery ‘progress is to be achieved.
Agrarian and aquacultural reforms are a necessity, specially because  small

farmers and aquaculturists abound in the region.

e a

_II. INTEGRATED APPROACHES TO WATER RESOURCES MANAGEMENT

®

"t It will not be an exaggeraiion to stete that not less than 50 per cent
of the population in the ESCAP region live below the ‘line, of poverty. GNP or
per capite ennual income is no 1ongerha vardstick to measure the economic end
social well~being of a country. Reduétibn in the inequalities of income
groups is$ now considered a main‘objectiVe of development and improving the
stahdatds of'health,‘education,_wel%are, etc. as part of development. In

gshort, the index of development is directly linked to quelity of life.

It has been estimated that about 70 per cent of the population in the
ESCAP region lives in rural ereas. The main economic &ctivity in.these rural
areas is agricultural production where 1and; water and labour are essential
inputs to production. It has been the experience that project approach in
preference to programme approach to development has been unsuccessful. Water
is a scarce .resource in most countriegs. The management of water resources,
therefore, becomes‘grgcial in the development of rural areas where agriculture
is the main economic activity. Water has most often been a catalyst in
develcpment., Water resources should be managed in such a way that it would
be the main link in an integrated development programme for improving the

quality of life in the rural areas.

The complexity of the socio-economic and environmental considerations
of water resource management and its developmental corollaries leads to the

“conclusion that an‘ecosystem approach must be the basis of future projects.

oL

/Fur thermore,
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Furthermore, existing projects can advantageously be evaluated as to their
guccesses and fail&res, agqin from an ecosystemic viewpoint. Much can be
learned from'unanticipated‘reaulte of existing projects. The ecosystem
approach to water resource management ig a comparatively new approach.

("An eéolbgicnl system or ecogystem is any unit of nature in which living
organisms and nonliving .ubut.ncee interact with an exchange of materials
between living and non-living parts.l )

The hanlth of gn ecosystem and its parts depends on the interactions
of theae parts, Major man-made environmental changes as in water management
schemes are digruﬁtive to natural functions in such systems, often cataclys-
mically so and hlve led to human suffering water management schemes produce
epvironmental chgngesz hence only integrated, ecosystemic approaches to
their plqnning and imglementation can heip svoid sgainst wasteful, dsmaging
and itraﬁnrabie retulta.

1, §t e of water

Most countries of the region experience seasonal rainfalls over short
periods fellowed by long periods of drought. Maximum utilipation of the
direct rainfall couﬁied with provision of adequate storgges will tharefore
be necessary, Censtruetion of dams across streams and rivers for the creation
of sterage reservoirg has béén carried out for centuriesgs in several cquntries
in the regien, These reservoirs are usually located in rural areas, (where
land values are low thereby minimiziﬁg‘cOIt of land gubmergence,) for the
direct benefit of the rural populatien, Hewever, the rural environment is
gometimes seriously affected, People sre dehoused, health preblems arise,
wildlife is endangered, 1lands downstream of the reservoir beeome waterwlpgged
and the entire landscape is trangformed, These 0§en regervoirs also lose
large quantitieg of water by evaporation and evapotranspiration, '

Ideal storage conditions, aa far as the environment is concerned,
could be found ﬁnderground. The water in underground aquifers is ealled
"ground water", These underground aquifers exist in varying quantities
depending on the geolegical characteristica of each area, The location of
suitable aquifers and¥thg extraction from them need specisl, (often energy=
expenaive), techniqués. With dwindling surface~water resources<and scarcity
of land for open reservoirs, increasing attention s now being pgid to the

uge of ground water,

.’??

1/ ."The Ecosystem Approach', Report.of the Great Lakes Research
Advisory Board of the Intermational Joint Commigsion, Canada and the Unlted
States 1978, p, 49.. P
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?. Steps to increase water availability for use

All water that is received as rainfall ‘or snow-melt) cannot be
harnessed ™y open reservoirs or ground-water aquifers. A fair percentage
of the water is lost by evaporation, surface runoff, end stream flow to
the ocean. However, stepslincluding the following, can be taken to minimize

such escapes:

(i) Adoption of soil conservation measures such as ploughing
and contour-bunding to retard runoff and induce recharging
of groundwater aquifers, These measures will also reduce
80il evrosion and consequent giltation of reservoirs.

fii) Afforestation of land, specially the steep arcas, has
the effect of slowing down runoff and reducing sheet
erosion and flash floods, This would also mean that
clearing of steep lands for human use, excessive grazing
by cattle and other activities that would reduce the
vegetative cover like “slash and burn", should be avoided.

£iii) Cloud seeding methods have been employed to induce rain
at times when stored water is not available for use.

(iv) Special steps are sometimes adopted to prevent seepage losses
as . well as evaporation losses fror reservoirs and canals.

3, Cortrolled use of water

In most countries of the region, water resource develoﬁment schemes
are sponsored and implemented by'the State or grouénof'States. Liftié, if
anv, direct charge is made on thé beneficiary, especially in. irrigation
schemes, for the quentum of water used. In most countries, a token charge
ig - based on the acreage served, and even then the recovery is not in proportion
to the investment and recurrent expenditure incurreg by the Statg., The
service by the State.is considered to be "welfare"‘ggtivity designed to
increase food supply and promote better living conditions in the rural areas,
and also to achieve the objective of redistribution of income to poorer

sections of the country.

The foregoing situation is however fast undergoing charge. Acute
shortage of water for meeting the requirements of agriculture has led in most
countrieg to strict control and conservation rethods. These methods inclpde
lining of canals for the reduction of seepage logses, provision of adquate
control structures in the canal system, improved farm preparation to attain
uniform irrigation over the irrigated area, enforcement of rotational irriga-
tion systems, and selection of suitable cropping patterns to match the soils.
Framing and enforcement of suitable water legistation is also playing an

important part in promoting rational use of water.

/In
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In countries where water availability is less than the requirement
for irrigation of available land, cropping intensity jis sacrificed for
benefitting a larger area, Thig policy decision tends to spread the benefit
of irrigation water over a larger population. In such a situation, use of
water has tended to be economical even though full use is not made of the

land potential.

4. Public participation

As most water resources development projects are State-sponsored,
officials of the State exercise control over farmer ectivities. The officials
are generally entrusted with: (i) the tasl of supplving, or maintaining, the
supplies of agricultural inputs, (ii) arranging credit, (iii) arranging or
supervising marketing, and (iv) looking after the general welfare of the

farming community.

Farmers have thus become dependent on the officials and have often
tended to lose initiative and self-vreliance. For sustained and improved
developrent, self-reliance is very essential. Farmers’' associations,
co~operative gocieties, cultivation committees and other gimilar popular
organizations are being developed so that officials can withdraw from a

project after initial years of development.

5. Formulation of projects within a programme

In implementing a programme for action, well formulated and eco-
systemically planned projects are necessary. An over-all plan for the use
of water has to be prepared after an assessment of the water and land
resources along with ecological study of existing land-use patterns of the
area to be developed. If the area to be developed is a water-deficit area,

diversion from adjiacent surplus areas may be considered,

The total needs of the population in the area to be served has to be
given consideration. Irrigation water supply, community water supply, water
requirements for inland fisheries and agro-based industries, have to he
assessed and rlans formulated to meet such demands. Along with the formula-
tion of. proposals for the use of water, complementary activities such as
provigion of adequate housing, health and educational facilities, roads and
.communication, marketing and recreational facilities have to be provided, if

the development prograrme ig to be successful.

/111,



I1Y, EED FOR MULTI-DISCIPUINARY APPROACH TG PLANNIUC

Several countries in the region had develcped irrigation schemes
dating back to many centuries., Thece traditional irrigation schemes utilized
both surface and ground water., The '"Persian Wheel', tank irrigation schemes,
and minor river diversion schemes helped to maintain the rural population at
a fairly comfortable standard of living, These rural schemes, in isolated
village settlements, were self-contained units which were capable of meeting

the basic needs of the village populatien,

1. Engineering approach to irrigation schemes

With the explosive increase invﬁopulation, limited availability of
land resources, many rural people have now been reduced tc subsistence level
farmers, The Govermments, in a desire to produce more food for an ever~
increasing population; planned ambitiocus irrigation schemes. These schemes
were masterpieces in engine?ring design and construction, Large reservoirs
and canals have often been constructed at high cost to the economy and ecology.
In many instances, farmers were left to their own devices to take the water to
their farms, Traditionallfarm inputs like organic manure and animal power
for ploughing, usually proved inadequate to meet the new demands, Supplies
of artificizal fertilizers and of mechanicol farm power cduld not bLe obteined
readily, for want of capital resources. In some instances, soils were not
suited for the type of cultivation undertaken and excessive irrigation and
poor drainage facilities added to the deterioration, including szlinization
of the soils, Credit and marketing systems also were not geared to meet an
intensive and systematic method of farming., In short, the irrigation projects

persistently failed to achieve the levels of production envisaged,

2. Multi-disciplinary approach to irrigation schenes

The need for a multi-disciplinary approach to planning .of irrigation
projects has long been realized in the region. (Please refer to the ''Lower
Mekong River Basin and iahaweli Gangz Tevelopment in Annex I1.) Engineers,
scientists, rural planning architects, economists, credit and marketing
specialists, agronomists, ecologists, sociologists and others are required
to work as a team for proper formulation of projects. The farmer and the
people concerned are consulted at every important stage of decision-making.
The service organizations and the infrastructure facilitiec are carefully
planned to ensure 2 smooth producticn capability, The farmer is made to
concentrate on his production activity with all inputs, more or less, supplied

at his door step. Credit facilities are so arranged that the farmer is in a

/position



position to secure farm inputs at the required periods without being exploited
by profit-motivated traders, riddle :xcn and others, Agricultural and fishery
extension workers are generally provi<ed by State Agriculture Departments o
that the farmer gets the necessary advice znd guidance in his farnming activities.
The marketing of the farm products normally poses problems tc the farmers
thereby proving tc be a disincentive to prcduction. This has been overcome

by various methods in different countries, viz,, guaranteed minimur: prices

by State, supervised market auctions of produce, stockpiling by State or

State-aided organizations, etc.

IV, ASSESSMINT OF WATER RESOURCES

1, Hydrology

Precipitation is the basic source of fresh water supplies, In most
countries of the region, rainfal’ meacuvement stations have been established
and rainfall records are available for long periods of time. The average
rainfall, in any basin, can bz computed by giving weight factors to the
precipitation at the station in proporticn %o the area the station is likely

to influence, and then finding the weighted average.

Stream flow measurements are usually made at convenient and strategic
locations in streams to estimate availability of water for development
purposes, Automatic river stage measuring devices or simple gauge post
measurements are used to obtain data ~egarding stream flows, Stage~discharqge
relationships are worked out for each station periodically to co-relate the

strean flows with the stage heights,

Evaporation and evapotranspiretion losses affect the availability of
water. 1In evaporation, water is lost divectly from the water surface by
vaporization, Transpiration is the process by which roots of plants take in
water from the goil and release it to the air as vapour., Evaporation can be
measured Ry continuous measurcment of the warer surface derived from measure-

ment in a standard evaporation pan.

In most countries of the region, hydro-metereological data, including
brecipitation and evaporation, are available for representative locations.
‘Stfeam flow records are also maintained in several countries, Though these
records are &vailable for several years, yet in some cases, the data available
may not be reliable. Further, flow recoras at sufficiently close intervals
are not available during times of flood storms so “hat computation of probable
maximum flood by statistical methods may not be feasible, Generally, the data

on precipitation are found to be mcre reliable.
/2. A



-9 -

2, Ground water

Ground water has been increasingly used in recent years, Development
of scientific methods for location of ground water coupled with improved
design of drilling equipment has promoted the use of ground water to augment
the fast diminishing sources of surface water, In several countries, conjunc-
tive use of ground water with surface water sources is being adopted for
optimizaticn of agricultural production. In several arid and seni-arid
regicns, ground woter alsc forms the rain source for commaunity water supply,
especially when long periods of drought cause the surface water sources to

dry up.

The availability of ground water in any catchment can be estiméted
by studying the water balance in the catchment, However, the procedures for
locating the aquifers is more complicated, especially in hard rock areas,
Geological mapping, geophysical and seiswic investigations followed by
éxploratory drilling, pumping tests and maintenance of records of recharge
rates have toc be carried out using sophisticated instruments and skilled ;
personnel, Control of exploitation of the aquifers is wvery essential if

serious problems are to be avoided in later years,

In arid or semi-arid zones, where the annual evaporation is higher
than the precipitation ground.water aquifers are likely to be recharged during
heavy rainstorms., The extent of ground-water storage has tc be carefully
assessed and exploited sc as to evenly distribute the available fresh water

during dry periods and even carried over to subsequent dry years,

In humid tropical climates, the exploitation should guard against:
(a) seawater intrusion, (b) subsidence and compactions of aquifers caused

by excessive pumping,

Axtificial recharging of ground-weter aquifers has been practiscd in
some i‘dustrial countries including Japan. Techniques of recharging applicable
for introduction to developing countriec have yet to be evaluated for general
usage, However, incidental recharging of aquifers takes place when large
storage reservoirs are constructed or when irrigation (specially paddy

irrigation with standing water) is practised on a large sczle.

For the present, investigation and development of ground water is
best carried out by agencies of the Government., An adequate legislative
framework should be available tc control the rate of exploitation from the
aquifer, Over pumping could lead to the depletion cf the aquifer, saltwater

intrusion and even to land subsidence,

/Developing



Teveloping countries in the recion need technical assistance and
sanagerial puidance for evolving = balanced prograﬁme of exploitation of
their ground-water resources, Co-oper=aticn from the United Mations agencies
and fror more advanced countries in the vegion is necessary to plan out a

balanced programme of development,

3. Hater guality

The quzlity of water available £ur utilization is a very important
factor which has sometimes b»een ignored during the initial stages of project

formulation.

Water quality varies during different secasons and is zlso affected by
industrial and town affluents. Its use for irrigation, community water supply

systems and industrial purposes needs to be carefully considered,

The suitability of water for irrigation is assessed from the following
factors: conductivity, content of scluble salts, nature of soil to be irrigated,

drainage availability and type of crops tc be grown.

For drinking and domestic use, water either low (total dissolved
s501lids€180ppm) or moderate {totzal dissolved solids 150-500 ppm) in mineral
content is acceptable, 1In addition, the iron coatent should be €¢1.5 ppm and
also the water should be free from bacteriologic contamination and poisonous
elements as well as chemical components that import undesireble flavours and

cdours.,

Domestic sewage has been identificd as a pollutant of water in many
countries, Present methods of sewage disposal, either rav or improperly

treated, to inland waters has led o woercening of the quality of water,

The use of large quantities of fertilizers, pesticides and herbicides
in intensive agricultural farm manapement tends to increase the concentration

of harmful chenicals in the water,

Salinity of water could often be increased in inland waters as a result
of intensive use of water for irrvigation and the increase in salt concentration
arising from eveporation. Intensive anim:l bhusbandry practices have also been

identified as a contributory factor for the deterioration of water quality,

The need for effective treatment of effluents before discharging . to
lakes and waterways has become very urgent in the context cf increase in human
activity in most rural areas., As the use of fertilizers, insecticides and
herbicides cannot be limited, the reuse cf drainage water has to be carefully
planned ocut so that health hazaxrds are minimized. Water quality tests have to

be carried out periodically to monitor the use of chemicals,
/Equipnent
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Equipment for the recording of basic parameters on water quality are
s . Y . = ! . .
not in widespread use in most countries of the ESCAP rsgion. There is a need
to share information in experiences gained so far and to introduce an effective

system of monitoring and control of the quality of water.

V. LAND RESCURCES

Land, in most countries of the region, is a scarce resource. In
general, rural areas occupy a major part of each country and these areas
sustain the majority of the population by producing their food requirements.
The base for practically all development in rural areas is the use of land
and water for agricultural production. Water used rationally on the land
can help increase agricultural production to meet the demands for food in
the region. But a planned approach is necessary in determining the land
and water use strategies in each country. The available land has to be set
apart for definite uses by an advanced system of land use planning in an
ecological context. The normal usage in most countries can be classified
as follows:

(i) Non-arable hills and hill slopss sometimes wooded to prevent
soil erosion,

(ii) Arable land which is cultivated or left fallew for want of
water resources.

(iii) Porest lands wiich are maintained to support the fauna and
flora and also to supply the timber necessary for man's uses,

(iv) Area occupied by lakes and inland water ways. These could
include man made lakes and canals, lagoons, river water
ways ete.

(v) Land occupied for cities, villages dwelling purposes, public
utilities roadways etc.

(vi) Natural pastures where livestock can be maintained.
(vii) Desert areas, swamps and marshes.
For each country, a judicious approach to land use planning is neces-
88y 80 as to demarcate the use of land for the required purposes without

endangering the environment.

Topographical mavs are required for a planned approach to the use of
land. Most countries of the region have topographical maps to different
scales and containing varied information such as contour heights, natural
streams etc., Aerial photographs are also available in most countries,

These topographical maps and aerial photographs can be used for preliminary
planning for development activities. However more detail ground surveys or
contour maps prepared from aerial photographs are required for detail planning

of projects.
/For
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For effective land use planaing, soil survey maps are required.
Some counbries hav: reconnaisance-type soil maps nrepared to scales of aoout
1:50,000. These scale maps are aormally precared by interpretation of aerial

photographs coupled to a limited extent with verification by field checking.

When any specified area is plaaned Sor onroject development, a detailed
s0il map to scale of 1:5,0C0 or 1:10,000 should be prepared using field
investigation data., Planning of irrigation and drainage systems require
detailed soil mans so that the varietiss of crops, the quantum of irrigation

water and drainages can be determinsd.

For general irrigated agriculture, the most satisfactory soils are
the Jdeep well~drained alluvial deposits of medium or medium to fine texture
that are readily tilled and highly productive. Such socils permit easy
development of root systems, proper circulation of air and water through
the root zonss and have gond moisture holding cepacity for plant use between
irrigations, Heavy clay soils are hard to cultivats, are likely to be
inadequately aerated aud do not permit ready penetration of water to the
root systems. In irrigating heavy clay soils, water must be held on the
field surfaces for long periods, often resulting ia large losses of water
by evaporation and lateral seepage. Clay soils are very sultable for
cultivation of rict, where continuous floodiag is nscessary during the

growing season.

Deep soils are preferable to shallow soils as they provide more
storage for moisture bSetwsen irrigation and also more space for the root

systems.

Most irrigable soils are composed of inorganic or mineral materials
with a small parcentage of »rganic matter and humus in the surface layers.
This organic matter in soils is supplied by vegetation and in turn supplies

the plant nutrients.

Soil structure, that is the arrangement and coherence of the soil
grains, is an important factor in successful irrigation. Soils in which
the different particles cling together in groups are desirable as such
arrangement of particles facilitate air and water circulation through the

821l as well as permit the development of adequate root systems.

Permeability of the soil is also an important oroperty as it governs
the movement of moisture through the soll mass., Maintenance of adequate soil

permeability is essential for continued production of crops in irrigated lands.
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Acidity/Alkalinity (pH.value) of the soil are also important factors
to bs considered. Soils which are neutral (pi: = 7) or asar neubtral ars
praferanls {or most farm crops. Some crors grow dest on soils that are

slightly acidic (oHX7) while others nrefer slightly alkaline soils. Special

treatment of goils will be reguired 1f the soils ars 100 acidic or too alkaline

VI, AGRICULTURAL WATSR (EJUIRIHENTS

u

Water requirements for agricultural purnoses depend on climate, soil
type, crop scason, nature >f crops to be zrown, and finally, the type of

irrigation system adopted.

In most countries of the region, it is oossible to grow crons through-
out the year, Usually the crops to be grown will depend on the demand for the
crop, which is controlled by market forces and national priorities. The
irrigation reguirement will be the actual crop-water requirement less the
affective rainfall during the crop season. Hecent agricultural researcﬁ has
produced several plant varieties of shortensed growing season in Dl&CG.Df the
traditional varieties which need water for longer neriods. Ffor cxample,
several new varisties of rice have now been successfully introduced cutting
short the irrigation period by 4 to 6 weeks, without any reduction in crop
yields. Of course the choice of cropping pattern has to be carefully made
82 as to optimize the benefits from the available water, and other resources.
Crops like rice, which reguire large quantitiss of water are more anpropriately
grown in the rainy wet periods so thab the best use is made »f the available
direct rainfall. In permeable soils, it might be wasteful of scarce water
resources were rice 1o be prown during rainfall-deficit periods or locations.
Alternatively crops such as gram, sesame (gingelly) can be successfully grown
with very little water during dry periods. The choice of crops and cropping
patterns, apart from considerations of water avallsbility, will depend on
the market forces. o farmer can be wersuaded to raise a crop which will
not bring him an adequate return for his efforts unless he farms solely for

subsistence.

Several types of irrigation systems can be laid out., "DripM irrigation
which has recently been introduced consumes the least amount of water ner cron.
Sprinkler irrigation, which is generally oractised for high value crops, is
also a practical method of irrigation. However basin or flood irrigation is

usually adopted for growing rice where standing water is a necessary feature.
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the actusl crop wator requirements, there are losses
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well as on the design and lay-ut »f the farm and watcr application procelures.

Tt has also been [ound that durins the first few years of irrigated
cultivation, water requirenents ur: ordinarily wucih more bthan when soil
conditions are stabilized after some seasons of coltivation,

In designing a nroject, all the foregoing factors and others must be
judiciously evaluated and integrated so as to evolve a satisfactory development
programme that is environmentally as well as economically feasibls.

VII. RURAL COMAUNITY WJATzR SUPPLIZS

1., Community and industriazl needs

Provision of community water suoply for the rural population has
often not been ziven adequate attention. Statistics comniled for southeast
Asiz by the W.,H.O. indicaltes that annroximately 50 per cent of the urban
population have .access to piped water while less than 20 per cent of ths
rural vopulation had the benefit of such suppliss. This situation oxdiasts
inspite of the fact that a vast majority of the population in the region

lived in rural areas.

In most countries, ground-water sources have bsen a orincioval source
of supply. Open dug wells are commonly in use, Streams, irrigation canals
and other surface water sources are also frequently used. These latter sources
of water cannot be considered to be safe. Diarrhoea and enteric diseases
arising from polluted water supplizs are known to be majior contributory

factors causing illness and death among children in the region.

The United Nations Water Conference (Mar del Plate,1977) stressed
the need to attach high priority to mesting the 1990 target for providing
all »eoples with safe water and 2 step-by-step approach to imolement this

goal was suggested.

Statistics of progress of nrovision of water suppliss to rural
communities in the region are very meagrzs. The rural communities are so
geographically dispersed that provision of wholesome water supplies to such
small communities proves to be expseasive. I some countries of the RESCAP
region, cluster type of settlements are being planned and executed as part
of an integrated approacn to planning of vast irrigation schemes. Rural
water supply, schemes may best be clanned as an integrated package deal in

a programme of water resource develonment for agriculturs and livestock.
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Rural water suprly schemes utilize rivers, streams, irrigation canals
and smell reservoirs from where the water is treated by chemical coagulation,
sodimentation sand filtration and finally -shlorination, before supply to ths
consumer., In areas wita good ground-water aguifers, deepn tube wells are used
for pumping to overhead storage tonks. For very small communities, shallow
tubs wells with hand pumps are also being nrovided to individual families or
groups of families. In order %o reduce initial investment costs, it may be
dzsirable to adoot simpl: treatment procedures withoubt specifying expensive
and sovhisticated ecuipmsat for such purposes. However, care is reguired

to maintain minimum standards of water quality.
g J

Maintenancz >f rural water supply schemes is often neglected. After
the construction phase, several water supnly schemes have failed to serve the
nurposes for which they were ilantended. Carsful monitoring of the operation
as well as the use by the consumer is nscessary if the benefits are to be
sustained, Training of staff for opsration as well as for monitoring the
schemes should be considered to be an important aspect of vroject nlanning.
It has often tsen found that staff from rural areas are better suited for

his type of work.

The United Jations Agencies (WHO, UNDP, UNICAF) have been providing
assistancs in the form of services of consultants, training oprogrammes for

gtaff and finance research activities.

A determined effort has to be made by all countries to achieve the
goal set by the United Notions Water Conference. Statistics of exdisting
facilities available has to he gathered and a nlanned step-by-step rational

programme of investments should bs nmade during the next decade.
VITII. IA2IGATION PROJECT

In most countries of the region, irrigation nrojects arz essential
parts of water resource development schemes. Irrigation reservoirs or river
diversions form the basis of most of them. Pumpaed irrigation nrojocts sither
from ground-water sources or surface sources also exist., Increased utilization
of the water resources could be made by {2) incrsase of stream flow by water-

shed management;(b) cloud seeding; (c) artificial recharge of ground water.

Sometimes a reservoir is chosen for irrigation water storage because
it appears to be the only feasible and economical means of reaching a goal.
Reservoir projects produce major environmental changss and also have significant
economic effects such as redistribution of land, income and employment

opportunities. Certain people may be adversely affascted, as when they have
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to be relocuted. The decision to nroceed with a project should be made after
careful analysie of the likely impacts, good and bad, in the area. Though
prediction of the impacts is often difficult and fraught with uncertsiaties,
yvet it must be made so as to provilde a basis for comparing the proposed

nroject with other alternatives.

The magnitude of the project to be developed has sometimes been the
subject of debate. Obviously, cach class of project has its own merits and
demerits and often a general consensus of opinion cannot be reached. The
important factor, that ths plannsr necds to keep in mind, is that the project

has to satisfy and fit in with the znviromment and neceds of the people.

Large scalc projects usuzlly have long gestation periods. The
investigations, planning, formulation of proposals and the arrangements for
financing for such projects may take four or five years or longer. The
construction of the angineering works and the development of the land for
irrigation may proceed for ten years or more depending on the magnitude of
the project and the extent of land development =nd resettlement work iavolved.
The deferred benefits on the large capital investment may be considered, in
usual economic analysis, to be o voor return and thersfore not viable, If
in a particular country or area, there are sufficiently large numbers of
feasible small scale projects to satisfy the water requirements for agricul-
tural and other requirements, then the choice is likely to be the group of
small scale projects. This type of situation does nobt exist in several areas.
For example, transformation of the Rajasthan desert into flourishing farm
lands and settlements would not be possible by the imolementation of small

scale projects: (See case study in Annex I.)

Invariably, large irrigation projects are conceived as components of
nulti-purpose projects thereby reducing the cost of water for agricultural
purposes. benefits from hydro-power production, floosd control, inland
fisheries, navigation and recreational facilitics afforded by the project can
justify a mejor portion of the investment. The cost of water for a unit of
farm area can, in such multi purposes nrojects, be even lass than that in a

minor irrigation project.

Large scale irrigation orojects often include provision of roads and
communications, hospitals, schools, markast places and other facilities which
inflate the cost. These additional costs often come to be justified as,
development of roads and communication increasc land values in the nroject
area. Additional health, education and relsted facilities generally have to

be provided for the existing and increasing vopulation., Without such facilities,
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whathar with or without the project, quality of 1life of the nopulation cannot
be dmoroved. If without a large scalc »roject, the desired imonrovement to
the quality of 1if: in the area mzy not Lo aciieveble, “he option available
to he planner is obvious. However, it is repeated, serious notice should

be teken of the envirommsntal effects of such large projecte.

Effects of submorgence of large parts of valuahle lund for reservoirs,
disnlacing human population, raducing the habitat available for wildlife,
clearing large extent of land for farming, rsising of the water table in
areas below the reservoirs (sometimes resulting in water logging), health
huzards such as schistosomiasis, water nollution by =xtensive usa of
artifici-1 fertilizers, pesticides, and herbicides have to be carefully
analysed Juring »lanning of a nroject. The harmful sffects of some of
these factors can be reduced by careful ztudy, ovaluation of alternatives

and tuking of precautionary measurss,

Development of elinor Irrigation Projects can olay a very useful role
in the develomment of an area, These projects ars usually Jesigned to satisfy
village level or other local demands. For examnle, 2 small farming community
nay be dependent on rainfed agriculture for its livelihood. This tyne of
comnunity in most countries of the region, is composed of small farmors,
living below the noverty line. If tovography permits ind the minimum water
rasources are svallable, it ay be nossinle to construct a small irrigation
reservoir in order to srovide supplemental irrigation to cover veriods without
rainfall. The time poriod and cavital requirsd for such a project would be
small and the bensfits can be achieved almost immediately. The water stored
in such minor reservoirs cun also vrove to be very useful for domestic cattle

in times of drought as well as for communal fish production.

Examrles oxist wherc thz area submerged by small irrigation reservoirs
constructed at villag: level being even larger than the area irrigated undsr
them, These shallow rescervoirs, in =ffoct, bacome large scale evaporation

pans., This tyrpe of situation has 1o be avoided.

Tube wells have been cited as clascic examples of quick-yicelding
investment falling within th: scope of minor projects. Provided that the
skills, technical know how and drilling equipment are available, tubcwells
can be considored favourably. Success of a tubewell often lecads to nrolifer-
ation of tubowells 1in the zdjacent sreas. In course of time, the over
exnloitation results in depletion of the ground-water aguifer and a collanse
of ground water supply in the arca. 1f a tube well programme is envisaged,

a proper study of the waber balances in the area has to be undertaken, before
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a development programme is embarked on. Such a study may taks two or more

years depending om ths size ol ihe cavtchmeal vasin andar consideration.

T most covntries of the reginon, famiers are not well versad in

Trehriacl ckills ond mencgement abilitiss, Village luvel Hrojects therefors,

go into disvepoir very aquickly as a result of lac™ ol »roper maintensnce and

improper »~naratisn, Training of people ot villags level shonid therafore form
part of *“he progromme for such projects, < vigorous and continuing input is

Size of rceservoir, anc thoe design of tha comoponent feutures are
decided on eaginzering data as wall a8 ascossment of the environmental dmpact
in the aree Urtil recencly, construction of the reservoir and perhans the

©

main canal were considered altincte goales in development nrojects, The

o

farmer, was reotred to devise his own methods to take

v

beneficiary i.e. 2
walor to hig farm.,  Scverzl schoamss Lave boon dalay:zd by this wyps of avproach

and invarisbly the suticivate . project horafits were nover realized.

It a now anorouch bo irvigoiion derclopment, well 1aid out channel
svstzme e.oe constructed By tuo project suchorities so as to take the water
rizht v to thoe faraland Some aut crition even devaloo the farm on a

Armer €0 hoabl e 2an wove a readv-made site. In

scientifc bagie nr the £
thesc instzices, ©vre Tarmer has only to look afta: the racurrent reasonal

innuts o0 aiz onlowe o,

When e carcl <rsTom aae bee. conctructed ad e farm develonad,
e uce of waver in lzs sysvem has to be carafully mainaged, o thet the

maxiry use can b oande of Uh- ccarce and costly watar »ecource.  The farmers
have to De cclisciively lnvolved in the plarning and managementv of the water.
water and carsiul wmonitoring must
te carricl out so as to optimize its uss. In some countries, measuremsnt of
water used by individusl formors is carricd out so 2s to charge for the use of
weter. Though this economic rccedurce may reduce consumption of water, in

the developing couvntries, whers small farms ace predominant, this type of

cconomic control mav not be feasibla, Collective responsibility and management
apn2ar to be suitable goals at which to aiw.

Usa o0 ground watsr can be sn Luanortant addition to the direct canal
system from tne reservoirs., Pubpirg froa the cnriched water trble in tha
irrigated aves coulc cupplement the direct irrig-tion especially at the
tall ond cf the scheme or during times of drought.
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Cloud sseding to supploment the water resources has been tried out

in 8232 countrice itrh limited succrza. Thore has been insufficient evaluation

9
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succzss »Ff this tyne of development,
IX. FARA ZETTLEMEITS
T moct waber rosources dsvelonment schomes, the »rojoct arezs are

in geoncrally undiweloned paris of the country. Some hav. therefore served

zan where compatition

-o zettle landi:ss: oeonis from rhickly populated rural or
h s

for *he scarce land oad employment opoortunitivs is vary great. Thus naw
villa:2s have to be develoned t9 aake th: schems workable., .iogt setbtlers

~desire to remain as close as possible bto their original homes or family or
clan groupings, although a significant minority opts to use rzlocation to

goek 2 new way of 1ife. Sociological studies to ascertain the background

of the settlors in thelr original habitat are necessary o minimize disruntion.

It has neen the sxpericace ir somz couniries that community leadership

is not avallabl.e among the wsw 32t

-

:re.  3Selection procedurces have o be

I_.J

avolved 55 us to include, Tor the new comnunitiezs, a2 zufliclzsab number of

settlers who have shown lusdership gquelitics iun their original villagos.

The farm settlemants should he carcfully planﬁed 8o that reasonable
menitios are availeple to the settler., Generally, those facilitiss should
e bobttb.r than in their former »laces of aboidz. Well laid osut roads are
sseentlial for proviiing a satisfactory transnort systom.  Schools for the
zducation of the children, hosoitals aad health scervices, postal ssrvicos,
community wator supplizs, domestic sewage and wast: handling facilitics,
rural clectrification (though considered a luxury in most developing countriec)

have all to ne »lannad zhead and made available to the settlor if his physical

quality ot life is to be improvel., Failur: to provide such facilitics and
services may, in the long rwi, 2ffect the visbility of the project.
Farm sizes should be adcoguate to provide the farmer an income to

2ijoy the commonly ~ccepteld seasonabl: standards of 1living in the country.
It would be an unfruitful sxercise to restrict farm sizes and continue the
farmer's vriwiously depressed living conditions in the new village areas.

I contrast, the farm sizes should zot be so largs that the farmer cannot

tackle his farm operatioas with his family labour suoplementad by occisional

u

n

e of “ired labour or farm mscainery. It is commonly acknowledg:d to be the
best 1f the farmer has ownorship of his land so 28 to encourage him to develop

and meintain the land in good productive status.

/Agrarian
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Agrarian reforipe fiave been istrodused in soveral countrics of L.z

,,x.
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rigion,  -distorieally large laalowncrs oxeloitod farm lebours OClwesically
the farm laboursr, wart Trom ois wagss, had little interest in the faro.
Par.s ware neglectoi 2z tho bic landlord had sufficiont income, zven uith
low production ina the fors, v lead 5 luxurisus Life.  HJational -roduction

efforts waerce serioucly aff:ctad ondsr thasc conditions., 2Ry
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zach individual, Tader such wo arranseacnt excesss lzad holdings had to be
sold to ofhiers or in some couatrics the State zxnroori-ied th> oxcess lands
and distribuva:d them vo laadl:zc ooasacis.  Tho proluction from such rodis-

tribuatad loads has brdeslly inersaozd in arsas whers uigh lavels of snenage-

4]

ment skills wors 205 required.

Parm operations have wacome very costly veaturss vor tne emall farmer.

<

The oorking ¢ mital or the aoramcl innuts (viz, farm machinery and

labour, rurchssc »f nesticidss, herdicildes) often sxceeds

L3

thio financicl roserve aower of tas farmor.,  Acricultural credit

with low intorest hiaz trrousn banks or otner rural instibutions,

The farmar isually Wi te oerates on agricultural credit,
28 an unforescen droucht or pest -trzclh con leave him pennilese, In sonme

untries, cron lusuranc-: schomen, 10T the nayueuh of a small premium, assure

O
O

the farmer of componsatiosg for any such Toss that o mey sustain.

regularly.  Irainings oro roaomce chould be arransed #o that rscontive farmers
ould to given adequat. trainiar i toos labost tochnigques 1o cultivation and
otiier aalizd sudjocts.  These Formors, ~fter training, could by examnle,

dizseminate the detgrled krowlodege thab thiny scquir. during the training
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ﬂdrxgt'ng is z1 important function that has o b catored Tor oy the

rojeoct olanners, Zven tht 2 ost o8 1213 and zuovle water resources will not

zncourage the Daroer vo nroduce 1 an adequat: wmarkoed is not available to hin,
Ia somo couatrica Yorico supnort®, "guarantoesd -rices” for nurchass by State

and othoer forms of pricse Jetorminations 2r: mods to zssure the farmor of a
minim.za 1acoar ©ov oie labour ond risks.
X 2aEaBILITAYTON OF XITIW 300703
Millions »f hectarss o8 land are under irrig-tad caltivation in the
countrics of the regisn. ha oroductioss from thesce laads is 5o varied that

a conclusion can vz rezched that 1f adeguate attontion is nald to those areas,
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the output could be increassed considerably. slost countries have realized
this situation and h.ve, in addition %o evtending the irrigated area with
new schemas, embarkcd on rehabilitation of the existing schemes., Such
rechabilitation is, par unit of ctroduction, less costly as the infrastructure

is already available,

The dirrigation systems in most old schemes are outmoded in that there
is insufficient control of water and it is not nossible for the opsrating
agency to monitor its supoly right up to thz farm. Sezpage losses from
canals (unlined) in parmeabls formations arz coasiderabls., Collective and
individual responsibility for the usc of the scarce water resources has
uzua.ly not baeen established. Timely fana operations are not carri:d out
thereby resulting in over use of water and loss of crops resulting from pest
attack, etc. Road (or track) access to the farm is inadequate resulting in
increased cost of transport of farm input and produce. Package programmss 1o
ramedy the above situations have been successfully introduced in several

countries,
XI. PROTSCTION OF ®IVIROMMINT

The impact on the enviromment ressulting from water resource development
in rural arcus hus to be carefully assessed in ths carliest feasibility analysis

stage,

An esarly steo to o3 considersd in many nrojects is the management of
the catchment areas of streams, This is arvecially imoortant in stoep arcas
whore consideorable crosion can take place if © 2 vegetative cover is removed.
Clecaring by man and uncontrolled grazing by cetile has to be vrevented or
reduced to2 the minimum. In already clzarced areas or sparsely wooded areas,
afforestation sho-1d be mede., Arrest of soil erosion and promotion of ground
water recharge can be achieved by the construction of contour bunds and contour
ploughing in stezp areas. These methods reduce quick runoff of rainfall and
also reduce flash flood hazards considerably. Stream flows may also be

prolonged theresby so as to be available for use for longer periods.

In most countrics of the rogisn, reservoirs have to be constructed to
store the water for use during reriods of drought and for flood control. The
siting of reszrvoirs should be in unpopulated or sparsely »ovulated areas so
that uprooting of wneople from their usuzl enviromment is kent to a minimum,
Adeqguate steps should be teken to find alternate reserves for wildlife affected
by the reservoirs, The ressrvolrs should be so designed that water logsing of

the lands downstream of the reservoir is avoided, Compensation water has 1o be
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delivered to the stream below the rescrvolr so that the aormal activity in
the lower areas is not seriously affucted and to take advantage of recent
experience which has shown that periodical {lushing of pools of stagnant

water in stream beds telps kill the larvae of malaria-carrying mosquitoes.

In irrigation projects, large extonts of jungle may >e cleared for
agricultural develooment. It would be wise to proserve certain areas to act
as wind belts and to oreserve plent and animol specics diversity. Lands
unsuitable Cor agriculsure (within a develonment area) should be left under

a

tree cover or where nececsary replanted with suiteble useful trees.

The irrigation systems aad the farm preparation techiniques should be
50 evolved as to »nrevent water-logging or soil erosion. Adeguate drainage
systems should o= constructed so that water-logging and salinization do not

make lands unsuitable for agriculture.

Indiscriminate use of agro-chewicals tend to pollute the water draining
from farms to the reservoirs, streams. and rivers. GCoantinuous monitoring of

pasticide use ond water quality is necessary.

Diversion of water from arsas of surwlus to areas of deficit can help
to improve the envirommant in the latter area considerably. In some countries
where deserts have been thus transformed, peopls, who were liviag below poverty
line are now abls %o live .appily and coantribubte surplus f{rom their share of
production to the rest »f the country, for many, 2 ncw life and a new meaning

<+

to 1ife has becn introduced in these arid areas.

Ay

Uneontroll:d ground-water cxploitation caan lead to several problems,
In coastal arsas, salt water intrusion int> the fresh water aquifer has occurred.
Overexploitation of the aquifsr hus lead to lowering of water tabl: with unde-

sirable consequences. Sometimes land subsideace hus resulted.
XIT., LasTITUTIOIAL ARRA GMENTS

For affective watsr resources plonning, development and manigement,

a suitacle institutional “rameswork has to be astablished in each country.

The type of institutional arrangement has to 9¢ evolved to suit the needs of
each individual countrs., Smaller countries could nossibly have a centrally
controlled system while the larger countriss will have to nave decentralized
arrangemants with soms form »f central direction and co-ordination. Most of
the problems of develoning countrizss in the region, with respect to water
resource management, can be traced to organizational, administrative, political,
managerial or financial weaknesscs than to technical factors. Each country

has to dovelop its own management practices to suit the traditions of the

country.
/"There
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"There is certainly no single correct way to organize and
administer a river basin programme, The plan of organization
‘must in each case be fitted into the general governmental
structure and into the cultural patterns and political 2/
traditions of the c¢ountries and regions which are involved.'=

BETEAE ¢ e .
In most countries several Ministries or Agencies are required to deal
with water resources planning and management. Some of these Ministries could

be grouped as follows:

Ministries of Planning and Finance

For long term plans, financing.

Ministries of Agriculture and Works - For irrigation and related

water use, flood control.

Ministry of Power - Hydro-power development.
Ministry of Health - For community water supplies,
Ministry of Tourism - For environmental aspects related

to recreational facilities.,

Several agencies under these tinistries are entrusted with the task
of spearheading the development activities connectad with the use of water,.
Effective co-ordination has to be cstablished for the proper utilization of

resources,

At the operational level, co~ordination i{s still more important.
Co-ordination of the activities of the users (farmers, village level officials
etc,) have to be effected for the proper use of the facilities, This is
usually effected through village-level committees, farmers organizations and
other similar group organizations, These village-leve: organizations have
.to be built around traditional groupings in order to avoid social and political
conflicts, It would be unwise t& transplant a system functioning efficiently
in one country or regiom into another area where in the management of village
level activities is very essential to maintain the facilities at high levels

of efficiency.

Pricing policies for the use of water can play an important role in
efféctive water management, It has been demonstrated, in some of the developed
countries that economic use of water would result if the beneficiaries were
to be charged proportionately for the water supplied or in some instances if
they were to be permitted to sell the water that they are able to save from
their quota, In most countries of the region metering of water for agricul-
tural use, where most of the wastage occurs, is not practicable, The farmers
in the région are mostly "small farmers'" cultivating small parcels of land.v

Installing water meters and administering a system cf water charges on a

/quantitative
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quantitative basis under these conditions is not practical., The solution

may be in the establishment of a system of levying charges collectively on

a group of farmers., It may bé tried out in an area where the social conditions
permit such éxperimentation. This system ¢an be coupled with & piogramme of grant

of bonus of rewsrde for coasumption below a fized minimua,
XIII., WATER LAWS . R O

Vater legislation is necessary to give effect to water policies of
eac%*country. “In several countries; traditional customs and practices have
been embodied in the legislation for control and use of water. It has been
an accepted finding that the water legislation should suit the situation
existing in each individual country, anc in some cases the legislation may
have to change from State to State in the larger countries, Modernization
and economic progress bring atcut situations which are not governed by
traditional systems or practices that existed in the past, For example,
exploitation of ground water plays an important role in meeting the demands
for water during the present eva, Currently available heavy duty pumps could
deplete the ground-water aquifer, with serious consequences for the future,
unless adequate legislation is aveilable to control the rate of exploitation.
Some countries of the region have already framed "Water Codes" and other

legislation to control and regulate the use of water,

Some of the main toplco to be included in such leg 1slat10n§/ are:

(1) Definition of n“tlonal objectives with respect to water,

(ii) Data collection. {(Duties of both 1nd1v1duals and public bodies,)
{iii) Control and ownership of water; means of acquiring water rights.

(iv) Priorities as between regions, uses and users and in relation
to other natural rescurces, ‘

(v) Conditions of use - Quantity, quality, pricing, protection of
environment, reuse, engineering works and
their operation,

(vi) Water resources administration - Duties of various bodies 1like
‘ farmer*s associations etc,,
participation of users,

(vii) Judicial aspects of water,

In most countries of the region, state or state~sponsored 1nst1tut10ns
are respon31b1e for the harnessing of the water resources, The beneficiaries
i.e. the users, are usually not zlive to their responsibilities as water users
resulting in several expensive water resource development projects not achieving
their objectives, Legislation =z2lcne will not be sufficient for effective and

/optinum
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optimum utilization of such resources, Public enlightenment and active joint
participation have been found to be very essential for the success of such

development projects.

XIV, TRAINYNG PROGRAMMES
&/

One of the recommendatibns—' of 2 Panel cf Cotisultants made to the
United Nations Water Conference 1977 was: =~ - = =

"It is recommended that, in conjunction with the formulation

of Agricultural Water Development Programmes, and immediately

following the Water Conference, the present and future needs

for train&d manpower should be assessed, These requirements

should not be. limited only to directly water-related activi-

ties, but should include supporting disciplines in agriculture

and associated subjects and the development of necessary inter-

disciplinary skills, = The manpower needs for the three distinct

components of technical training, extension services and

“research must be cvaluated at national level, Additionally,

where necessary, attention must be given to the improvement

of basic levels of formal education to facilitate subsequent

training'.

The largest user of water is the agricultural sector, It is here
that most of the savings in water could be effected by proper water management,
Adequately trained staff to advise the farmers and monitor the use of water is
not available in most countries, Some countries have already commenced
establishing Water Managewcnt Training Centres, For example, "The Water
Management Training Centre" was established in 1975 at Munoz by the National
Irrigation Administration of the Republic of the Philippines, During the
first phase of its prograrme, the Centre is proceeding with the training of
technicians to manage the water use in the country's vast irrigation schemes,
The training programme planned by the Centre covers the broad topics of
irrigation water management, irrigated rice crop managemenc and human resource
management, In addition to lecturcs and seminars in the lecture rooms, field
demonstrations, on the job training for one season each at the training
centres irrigation district and the trainees irrigation district are provided

by this centre,

Well planned out training programmes, in which the management staff
as well as the farmers have to be trained, would pay rich dividends in the

future,
XV, CONCLUSION

A very large part of the rural population in the developing countries
in the ESCAP region continues to live at subsistence levels, The economic
activity in these rural areas is based on agriculture, Development of water

/resources
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resources projects appears to be one of the main ways of improving their
quality of life, 1In order to make such development schemes useful and
productive, integrated approaéhes are necessary in their planning as
exemplified, for example, by the long term study and planning effort of
the United Nations Mekong Secretariat and the Internmational Mekong
Committee for the vast Mekong River Basin., A concerted effort has to be
made by the responsible instititions and interested agencies in order to
ensure that multidtaciplinary integration takes place to assure optimal

use of water and to promote the living standards in these areas. Annexes

to the present paper serve to illustrate possible approaches to development

of management of water resources,
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Annex 1

SOME IMPRESSIONS OF WATER RESOURCES MANAGEMENT IN INDIA

A. 'GENERAL SITUATION

1. Introduction

The total geographical area of India is reckoned to be 328 million
hectares supporting a population of over 600 million people. India lies
partly in tropical and partly in subtropical régions. Snowfall is experienced
only in the mountain ranges in the north; general climate of the country is
warm. Rainfall is generally experienced in the monsoon months. Annual
rainfall varies from about 100 mm in the arid regions of Rajasthem to 6,350 mm
in Assam. Currently about 41 million hectares are irrigated and it has been

estimated that ultimately this figure could be raised to 100 million hectares.

2. Water policy

India has a federal structure of government and state governments have
exclusive powers to formulate and administer laws with regard to usage of
both surface and ground water. However, these laws are subject to contrnl

at the Centre with regard to interstate rivers.

It has been estimated that out of the 1,500 million acre feet of
surface~water resources, only about 540 million acre feet is utilizable on a
dependaﬂle basis. About 200 million acre feet (i.e. about 40 per cent of the

utilizable water) is being utilized at present.

The ground-water potential has been estimated to be about 220 million

acre feet of which about 50 per cent is being utilized.

Ninety per cent of water uscis for irrigetinn purposes and planners
believe thet this position will continue in the future. "The major problem
in India is, however, of unequal regional development. About one third of
the area of the country is drought prone. Water policies, therefore, have to
have major thrust on removing or minimizing thé balances in the development of
the rural areas oﬁ“the one hand and promoting in general, the economic development
of the vast population, nearly three-fourths of which inhabit the rural areas.
India has extensive cultivable lands, sunshine almost throughout the year and
large rural population engaged on dry farming. There is tremendous scope for

increasing productivity of land by extending irrigation facilities. Where

/water



water resources are insufficient to meet the irrigation requirements of
cultivable land, which is often the case, the policy should 2im at securing
the maximum crop production per unit of water. In drought prone areas, the
emphasis should be generally on the maximum area scrved for ensuring the
greatest good of the largest number. Where, however, water is in plenty, its
use could be so planned as to have maximum production, from the limited area
available for application of water. Thesc proﬁlemé are, of course, subject to
“the cost effectiveness of the schemes and are also subject to the national
policies relating to social and environmental considerations".g/ The planners
have also npoted that policies cannot be rigid‘witH respect to time or location,
and have to be reviewed periodically for modifications that changing circumstances

may require. .., .

3. Planning for water resources development . 7

Water development schemes arc prepared within the scope of long-term
perspective plans, by the respective state governments. The Planning Cpmmissién
at the Centre scrutinizes and approves thz annual plans »f the state governments.
The Centre provides loans or grants to th: state government, and is able to

contrnl and monitor development »f the states.

In general, multipurpose development projects are preferred as
substantial cost economies can be achieved. River basin commissinns are set

up to deal with the efficient implementation and operation of the projects.

Tﬁé need tn improve the efficiency of the existing irrigation systems
has been recognized. Programmes for "modernization' of existing canal systems
and "command area' devclopment are being implemented so that equitable and
effective distribution of the scarce water resources cnuld teke place.
Adequate drainages, both  surface and sub-surface, are being planned in order
to avoid problems arising from water logging and salinity. Steps have been
taken to introduce legislation to contrsl ovar-cxploitstion of ground water aquifers.

4, Water legislation

Fach state has its own sct of laws for irrigation menagement and
administrastion. lowever, the Central Government, for ihe purpose of having a
éreater degree of uniformity,;has prepared a2 model irriga%ion bill for
consideratioﬁ for adoption_Ey each statec.

/A
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A draft model bill on ground water has also been circulated by the

Centre to all state governménts for E€FMETIETACIsH by the latter.

The National Commission on Ploods has been set up to review flood
control policies and flood control works and to prepare guidelines for the

preparation of effective flond control plans.

The Water (Prevention and Control »f Pollution) Act 1974 makes compre-
hensive provisions for prevention and control of water pollution. This Act

is already effective in most states,

5. Interstate rivers

The utilization of the water resources of interstete rivers is planned
to conform to nationsl water policies. Rational decisions 2re made on the
shering of such resources so that each state can plan its own development

pProgrammes.

6. International rivers

The water resources of several rivers are shared on the basis of
agreements concluded with the neighbouring countries, viz. Bangladesh,

Bhutan, Repal oand Pakistan., .. . . ..

I. TIRRIGATION MANAGEMENT

1. Need for irrigation

Most .of the arable lands in Indis have o tropical climate with high
temperatures and monsoonal rainfall. Except in a small portion in the south
and the western‘Himalayas, rainfall is concentrated in the monsoon period
of about three to four months (June-égptember), The rest of the perind is
practically dry.

The large rurel population depend on agriculturc for their sustenance.
Crops to suit the rainfall and climetic. conditions in cach arca arc grown
extensively, but in the long-term, the increase in agricultural production

has acarcely kept pace with the increase in population.

Irrigation has been practised from prehistoric times. Several small
reservoirs, specially in states like Karnatake and Temil Nadu (south India),
and river diversion schemes had been i existence for centuries. Colossal
irrigation schemes have been constructed in the past few decades tn increase

the extents under cultivation.

/2,
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2. Classifiéatiénﬁof irrigation schemes

Irrlgatlon schemes are class1f1ed into three main categories viz.

major, medium and minor.

Major irrigation schemes are those the initial ¢ast of which exceed-
Rs 50 million ($US 6.3 million). Thesz schemes are under the direct control
of the St:atn Irrlgatlon Departments (in some cases Public Works Department
(PWD)) The headworks, main, branch and distributary canals are constructed
and maintained by the state while the ficld water courses are the responsibility

of the cultivators,

Medium irrigation schemes are those the initial cost of which is
between Rs 50 million and Rs 2.5 million. These schemes are also maintained by

the state departments as in the case of maior schemes.

Minor irrigation schemes are those which eost less than Rs 2.5 milliom.
These are under the contrnl of the Revenuec Departments and the maintenance
work is carried out by the state departments after a recent decision by the

Government.

3. Administration of irrigation schemes

At the Centre, the Department of Irrigation under the Ministry of
Agriculture and Irrigation is responsible, with the help of the Central
Water and Power Commission, for examining and advising the Planning Commission
on all major and medium projects that are proposeo by the state governments.
Minor projects are processed through the Department of Agriculture or Department

of Rural Development.

The State Irrigation Department (in some states the irrigation wing
of the PWD), under the direction »f the Chief Engineer is responsible for all
irrigation development in the state. In some cases, when large projects are
involved, separate chief engincers are in charge of such projects. An executive
engineer,under the supefvision of 2 superintending engincer heads the executive
unit for thé development in an administrative area. Fach executive unit,

generally carries out »ll investigations, planning, design, construction,

operation and maintenance of irrigation projects in its area of administration.

4. Current status of some irrigation schemes

The need for modernizing the old irrigation schemes had been felt for

some time., It beceme increasingly apparent, when compared with currently planned
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irrigation schemes, that systematic improvements have to be effected to

these schemes if the resources of the schemes were to be utilized fully, A

central team, tonstituted by the Irrigation Department (of the Central Government)

to study some of the representative irrigation schemes, observed the following:
"(1) Absence of mechanical arrangements to lift up the shutters

on the Weir to vertical position, after thc passage of floods,
resulting in wastage of water in the river.

(ii) Inability of canals to draw the full discharge, due to breaches
‘ or lack of proper maintcnence.

(iii) Heavy transmission losscs in certain canals or reaches of cansals.

(iv) Absence of sufficient closure of canels for taking up maintenance
work, leading to poor maintcnance of canals.

(v) Prescnce of uncontrolled direct outlets from canals and
brsnches, resulting in wastage of water,

(vi) Unplanned location of canal outlets leading to 1nuffic1ent
distribution of watecr.

(vii) 1Inadequacy of canal regulators and cscapes for efficient
functioning and supply »of water.

(viii) .Lack of adequatc drainage facilities, causing problems of water
logging.

(ix) Absence of field channels, rcsulting in wastage of water.

(x) Lack of inadequate usc of available ground water resocurces in
conjunction with canal supplies.,

‘(xi) Absence of adequate water mcasuring devices fnr proper accounting
of water diverted at various poilnts in the canal system,
rendering it difficult to assess the, sdequacy or otherwise of

w b7
irrigation supplies made f£or crops'.=

The central team, prcopared a set of guidelines for remedying the

above defects and further recommended among others the following important
steps:

"(2) Reuse of drainage water for irrigation and necessity for the

© constructisna of pick up structures;

(b) Adoption of measures to increasc utilization of ground water
of the command ares;

(c) Adoption of sprinkler irrigation techniques, ground water
rcacharging programmes,

(d) Modification of cropping patterns to suit §5il conditions and
to optimize farm income;

/(e)

b/ C.C. Patal and K.S. Murthy, "Irrigation management and operation'
(New Delhl, Government of India publication).
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(e) Provide adequate:
{1) extension services (demonstration farms etc.);
(1i) Agricultural inputs (credit, seed, fertilifer etc.);
(iii) Infrastructure facilities like ronads, agro-processing,
markets communications etc,; .
(f) Improve farm development works;

{g) Provide adequate training facilities for operational and
maintenance officers;

LAY

(h) Revise existing legislatinn, rules and procedures for better
administration of irrigation systems,

Most of the recommendations have been accepted and are being implemented

by state governments.

I1. FLOOD CONTROL

1. Nature -f flooding

During the southwest monsoon period (June-Scptember) heavy intensity
rainfdlls cause flooding in several of the major rivers in India. Flooding is
generally caused by the inadequacy of the river channel to carry the heavy
discharges occurring during times of heavy rainfall. The problem is further
aggregated b§ fivers changing their courses, silting of river beds and
obstructions to river flow resulting from landslides and earth quakes, In
certain areas, like Andhra Prade;H;'cyclones accompanied by heavy rainfall

often lead to fiooding.

2, Flood damages

.-

Annuslly, some part or other is affected by floods. It has becn
cstimated that, on an average about 7.5 million hectares are affected annually
by floods causing over Rs 2,000 million ($US 250 million) in damages. Of
this amount, Rs 1,500 million ($US 190 million) is estimeted to be the vnlue of
losses of crops. As this loss cspecially affgcts the lower income groups,

floods cause scverc hordships and miscry in tho country.

3. Suggested snlutions to the flood problem

Boards or committccs were set up in cach region, affacted by floods,
to study the nature of floods and devisc systems of flood control. The gencral
nature of the solutions availablc arc:

(2) Improvements of river channel by desilting or dredging. These
methods are costly;

/(b3



(b) Construction of detention rcscrvoirs., For these reservoirs to
be effective, they have to be located immediatcly above the flood
plein, but invariably suitable sites arc not available.
Reservoirs located in the upper catchments have only a2 marginal
effcct in reducing flood peaks; '

(c) Providing diversion canals to carry the water to other outlets.
This method is generally not very practical for application;

(d) Construction of embankments. This method has been adopted
in several places and has proved very effective, This method
too has its drawback as overtopping and brecaching of embankments
cen cause serious damage to the protccted arcas;

{(e) leltatlon of development in the areas subject to floods.,
Though this is being practiscd, social problems in enforcing
such restrictions haveinvariably negatived such steps; 1

(f) TFlosd forecadting and warning systems have generally been adoptéd
whereby the preparedness »f the people in the affected arcas ..
have, to 2 great extent, reduced loss of life and serious
damage to property;

(g) On a long term basis, catchment protection has been proposed
for adoption. Reafforestation and soil conservation programmes
in the upper catchments can reduce the siltation problems and
also reduce the flood run-off.

B. PROJECT EXPERIENCES

ITI. RAJASTHAN CANAL PROJECT

1. The project

The RaJasthen Canal tskes off from the Harike Bﬂrrage, located on
Beas River, 1mmed1ately below the confluenco with the Sultej river. The first
reach of the canal, 204 “Km in length, 1s celled thé Réjaathan Feédér and
traverses Punjab state conveylng 467 m /sec (16,50C cusecs) of water for the
irrigation of about 640,00G hectares. The Rnjasthan Moin conal, which takes
over from the Feeder cennl, is 189 km in length and treverses thc semi-arid
to arid regions of Rajasthan statc. When the work commenced in 1958, the

estimated cost of the project was Rs 660 million ($US 53 million) (stage I omly).

+

Consequént to-the signing of tho Indus Water Treaty with Pakistan, the
share of Ravi-Beas water to Rajasthan increased to 5,860 million cubic metres
(8m ac ft). C

The intensity of irrigation originally proposed was 78 per cent. A
decision was then taken to line all canals up to minors and the cost estimates
were révised.” The saving in water was expected to permit the intensity of

cultivation to increase to 11 per cent. The extent under cultivation was also

/increased
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increased t»o 1,250,000 hcctares, The revised cost estimate for stage I of the
project is Rs 1,840 million. Work in stage I is expected to be -completed in

financial year 1979-198C.

- A little over 5CC,000 hectercs has already been provided with
irrigation. The intensity of irrigation achieved so far has been about

86 per cent.

v

2. Command area development

The étafg,governmcnt set up a2 Cormand Area Authnrity in July 1974
with responsibility for water utilization and Integrated Ares Development in
Command Area of Rajasthan Canal. The llemember Board functions under the

chairmanship of the Area Development Cormmissioner.

The functinns and responsibilities of the Command Area Authority
as set out in the Order dated 25 July 1974 were:
(a) Maintenance and efficient nperation of the water delivery
system from the soutrd¢c to the farm outlet!

(b) Planning and exceuting programmes of land development within
a catchment {Chuk) including realignment and lining of water
courses, land levelling, soil reclamatiom, provision of field
channel etc., thrnugh institutional finance and otherwise;

(c) Enforcement of proper system of Warabandi and fair
distribution »f water to individual fields;

(d) Development of ground water to supplement surface irrigation;
(e) Selection =2nd introduction of guitable cropping patterns;
(f£) Supply of all inputs and services including credit;

(g) Development of merketiny and processing facilities and
communications?

(h) Preparation of individual programmes »f action for smell farmers,
- -marginal farmers and agricultural labourers; ’

(i) Diversification of agriculture through liveéstock development,
horticulture, farm forestry etc;

(j) Programme »f protective forestry for canals, roads and farms,
. pasture development of uncommanded lands, fuel wood plantation
etc;

(k) Town planning, rural housing, devclopment of existing and new
villages and marketing centres.

3. World Bank assisted programme

A six-year World Bank assisted programme of intensive development of

200,000 hectares was commenced in October 1974. Under this programme, lining -

/of
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nf cenels, rcalignment and lining >f water courses, farm levelling, pasture
development, provision ~f market rnads, district rnads, afforestation, village
water supply and intensive agricultural extension services are being executed.

About 40 to 50 per cent »f the work has been completed by early 1979.

4, Agricultural extension.programme “

The project arca is divided intn seversal districts under the charge

of a district extension »fficer.

Hanumangarh District (666,555 hectarcs), a typié;i Gistrict extension

officer®s area has the following:
District extension nfficer -1
Assistant agriculture ~fficers -8
Village extemsion workers - 62

Subject matter specialists Plant broteétion -1
Extension methods - 1

(Note: Subject matter
specialists a2t project level
are also available for training
extension workers etc.)

The number >f farm families in the district is 11,922, Each village
extension worker covers the 200 families allotted to him weekly on fixed days
(Montday to Thursday). Group discussions, mass meetings, field days and
cinelmd shows are a2lso arranged for communication »f technical information to

the farmers.

Demonstrations arc laid out on the fields »f contact farmers, where
a 0.25 hectare plot is cultivated according to recormmended practices and new
techniques. A contrnl plot ~f thc some size where the former adopts his own

techniques and practices is maintained 2nd comparcd for yields, cnsts etc.

5., Obscrvatinns

(1) The proposgal to irrigstce such 2 vast extent »f desert arca arises
from the basic concept »f using the water in drought prome areas for serving
the maximum area for "ensuring the greatect gnhod »f the largest number".
Developing and irrigating descrt areas, where sand dunes have t» be levelled
tn develop the farmland, calls for a great deal of effhrt under trying
conditions. Perhaps better returns may have been »btained if the development

hed been limited t~ a part of the area and higher intensity »f cultivation

/planned
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planned for. In that event, some parts of Eajasthan would have remeined as

desert for ecver,

(2) The decicsion tn save conveyance losses in canals by lining even
the minors and water courses in the desert terrsin wherc water is a very

scarce commodity was necessary, . L

(3) Canal lining is being done with clay tiles and cement mortar
joints. Tilcs arc manufactured in thoe project arca by the project suthorities
and were chosen becsuse other forms of lining like coneretz ware too costly -

concreote aggregate cannot be found in the project aresa. \

(4) Suratgarh Agricultural Farm (11,000 hs) and Jetsar Agricultural
Farm (12,000 ha), run by the Central Agricultural Farm Corporation, have
shown that a variety »f crops cen be grown econnmically in the prnject area
including rice, wheat, gram, cotton, groundnut and a series of other grain
crops are grown. Even potatoes arc being cultivated successfully on an

experimental basis.,

These farms, perhaps the largest state-nwned individual farms in
this part of the world, are being maintained (reportedly at a profit) for
seed multiplication to meet the needs of the vast acreage under cultivation

in Rajasthan canal projecct area.

(5) Although the project authorities have proposed to carry out
land levelling and farm preparation for the farmers on a cost recoverable
basis (long term) the farmers prefer to do it themselves. The reluctance,:
is reportedly, the high cost >f work when undertaken by the project authnrities.
The farmers use camcl-drawn equipment to level the lend (in some cases tractors
are used)., Studics have shown that larger quantitics »f water are requ{red
for irrigation when somc farmers dn not pr:parc thoe lande for efficient

irrigation.

(6) The field woter courses maintain full supply for seven daye
in the weck followed by full closurc for the next scven days. The cenal
capacity is based on 2.4 cusecs for 1,000 scres. A patawarri (irrigation
employee peid by the state) is responsible for preparing the irrigastion roster
under each water conurse. Fach water coursc irrigstes about 300 ha and a
patawarri is responsible for about eight watercourses., The seven-day irrigation
period is shered on a time basis by the farmers in proportion to the land

extents owned, All irrigstion disputes are decided on by the executive

/engineer,
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engineer, whosc ruling'is subject to appeal to the supcrintcnding engineer.
The superintending c¢nginccr's ruling is final 2nd can be set aside only by

the High Court,.

(7) Watcer rates arce charged on different tariffs on the basis of

crops on the following schedul::

§_§_
1., Sugar canc 40
2. Paddy 22
3. fQrchard and vegctables 16
4, Cotton 15
5. Wheat and sther ceresls 15
6. 0il seods and gram 10

The patawarri proparcs the schedules of rates leviable in his areas.
Preparation of these lists sarc supervised by a2 Zilador who is responsible for
the work of about 6 to 8 patawarris. The 2ssistant engincer of the area is
rcquired to test-check about 10 per cent »f thesce scheodules while the executive

engineer is required to test-check about 5 per cent of the schedules.

(8) Revenue cnllection is reportedly excellent. Against a scheduled

charge of Rs 13 million in 1977-1978 the collection was actually Rs 12.98 million.

(9) Afforestation in the sand dune arcas and the clearing of canals

and roads, havc shown a remarksble reduction in soil erosion by wind action.

(10) Provision of village roads and improvements to villages and

rural housing has noat kept pace with agricultural development.

(1 Village water supply is being provided by "diggies" (i.e. concrete
lined wells about 40 ft in disameter which are fed by the irrigation canals.
Water is chlorinsted and a2 hand pump is provided for use »f the community.
About 2,000 cubic ﬁetres of water is provided for 14 days for a population »of

1,000 persons,

(12) Though therc is a ceiling limit on sizc of land holdings, it is
evident that by a system of sales and rclcases, the intent of the legislation

has been defcated.

(13) Mundis (merket places) heve been zstablished in most places where
the farmers can disposc of their prnduce. 4 system of asuctioning, supervised
by 2 marketing committeec, ensures a fair price to the farmer. Representatives
of tho Fond Corporatinn »f India and the Cotton Corporstion »f India purchasc

“the produce at 2 floor pricc if the bidders at the auctinn do not offer a

reasonable price.

/(14)



- 38 -

~+ (4) The cffectivencss of the extension scrvices and the provision
of better irrigation facilities can be judged from the increased yields as

shown belows:

Yield in quintals (100 kg) per hectere

1975/1976 1976/1977 1977/1978
Wheat 18,57 25,50 . 26,02
Gram 10,22 10,26 10.30
Mustard 7.22 8,05 | 8.75
Cotton 12,02 12,69 13.23
Paddy 31,91 37,61 42,06

IV, LUGMENTATION CANAL PROJECT - WESTERE JiliUNA CANAL IN HARYANA STATE

1. The project

The Western Jamuna Cenal, taking off from the Tajewala Barrage across
the River Jamuna was designed to convey 226 mg/sec (8,000 cusecs) for the
irrigation of ebout one million hectares, During the dry period (October
to ALpril), only about 56,6 mB/sec (2,000 cusces) were aveilable for diversion,

thereby causing serious scarcity of water for irrigetion,

Investigations showed thet the alluvial areaz, especielly between the
canal and the river hed a lerge ground-water aquifer, It was therefore
decided to construct an augmentation canzl of capacity 127.4 m?/sec (4,500
cusecs) from Yemuna Nagar to Munok covering & length of 75.25 km, This lined
canal will be used to divert part of flows in the Western Jamuna canal, in
which it will save conveyance losses, &bout 300 tubewells, bored in the strip
between the river and the Vestern Jearune Canal, are pumped to supply water to
the Augmentation Canal, Some existing tubewells below the Western Jamuna canal

are also connected so as to deliver water to the hugmentetion Canal,

2., Obscrvations

The first phase of the project for 160 tubewells ﬁo feed the 75 km
length hugmentaticn Canal wes ccmpleted in the brief period of about two years,
A large fleet of heavy machinery along with abcut 6,000 men was mobilized for
this work, The waterlogging of valuable crop land in this area was eliminated

by the pumping from tubewells, It is reported that the pumping from the state
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tubewells s» affected tho water tabtle, that private tubewells operated by
individual farmers wcre scriously affected., This led tn protests from the
farmers causing the state to suspcnd operations on phase II of the¢ development
proposals. However, the lining »f the Augmentation Cenal saved about 500
cusecs in canal losses. The resultant saving in water and the supplemental
water from tho tubewell was able to incr.osse the cropping by about 81,500
hectares. The accruing bencfit was able to justify the capitsl investment

in the projact.
V. GROUND WATER PROJECT IN COIMEATORE - TAMIL NADU STATE

1. Thc projoct

The state »f Tamil Nadu ic underlain by hardrock formations over
on ares of 95,000 sq km (about 73 per cent of the total arca of the state).
The capability »f storing and transmitting ground water in these arcas sre
dependent on the fracture ond joint systems and the disintogration nf the
rock formations, Frequent droughts and increased agricultural and industrial
demends to mecet the situation crcated by an increasing population had caused
people to look for grnund water to meet the shortages in surface-water supplies.

In certain areas, open dug wells have been in cxistence for centurics.

Detailed scientific investigations werc first undertaken, with UNDP
assistance, in 1966-1972, in four seleccted areas viz; Madras City and its
environs, the Palar alluvial basin, the Neyvcli arca and the Cauvery dclta.
The potentiel availablc in thesc arcas was evaluated and: steps have been taken

to utilize the ground water under controlled eonditinms.

The movement of ground watcer and its development in hard rock areas
is more complicated in comparison with the scdimentary and alluvial areas.
Excessive pumping by farmers in some of these arcas had lead to a sharp drop
in ground water levels., The Central Ground Water Eorard set up, with assistance
from SIﬁA (Swedish International Development Authority), & ground water project
for carrying out water balancc studics to determine the quantitative aspects
of groundwater potential with a view to plan its development end management on
long term basis on sound scientific lincs™,

The project areca covers an arca »f 2,145 sq km in three basins in
Tamil Nadu and Kerala states. Investigations werce commencad in 1975 and the

project is scheduled for complcetion in mid-1979. The project area is underlain

by hard crystalline rncks comprising grenites, charnockitcs, gneisses and
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schists with some quartzites, calc granulitcs, limestonce and other types of

highly mctamorphosed rocks. Open dug wclls have baen in cexistence for over

a contury.

Water levels have been dropping yearly, in some cases about a

metre per year, in mony parts »f the project arce resulting in deepening of

wells, In some cases borc holes from the bottom of the dug wells bhave been

drilled.
The

(a)

(b)

(c)

(@)

The

(2)

(b)

(c)

main objcectives of the project are:

Determination »f the water balancc with due respect to quality
as well as quantity;

Optimizing of ground-water cxtraction structurcs (open wells,
boreholes, subsurface dams), expcriments to increase
infiltration and subsurface storage »f ground water,
construction of cxploratory borcholes and formulation of a
programme for studying ground-wester hydraulics in hard rock
arcass

Studying ground-watcr development and usc with reference to
water requirements for agriculture on different soils and
for different crop rotations;

Helping towards the establishment of a2 prototype water
menagemcnt systcm for the bssin including troining of staff,

headquarters for the project opcrstinn is at Coimbatore,

2., Progress of investigations

Hydro-metereological dota have been gathered -by c¢stsblishing’
several new rainfall rccording stations to supplement the
stations already in cxistonce. Four weather stations to
record dats on.temperaturcs, wind velocities, ovaporation,
sunshine hours and soil tcmperatures have bcen cstsblished.

Hydrological gtudies forasscssment of surface run-off, return
flows from irrigation water and csnal scepege, surface weter
quality, sediment transport and evaluation of a2 mathematical

" model for nnc nf thc basins (Noyil Basin) =are in progress.

Several stream gauging stations have becn established at
representative locations to detcermine surface run off, Data
oh basin characteristics have been gatheréd to determine their
effect on run off.

Hydrogcological studies to determine the water bearing and
water yieclding properties nf the rocks in the project sres,
location nf aquifers and other rccharge characteristics are

in progress. These studies include geological mapping,
preparation of inventories of representative wells, measurement
of water level fluctuations, exploratory drilling, conducting
pumping tests to determinc hydrsoulic psrameters »f the
aquifers, ssmpling 2nd chemical snalysis of water to test
quality ete., About 40 exploratnry borehnles and 40 observatinn
wells involving » total depth of about 12,00C metres have been
drilled so far.
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Studies of the different types of soils in the project area
have been nade and soil maps for soue of the areas have already
been prepared, Comprehensive research prograumes in collabora-
tion with the Tamil Nadu and Kerala agricultural Universities
have already been established, ’

3, Observations

Studies made so far indicate, except for smsll isolated areas,
that weathered zones do not form potential aguifers as the

" water table lies below the weathered zone. Only the partly

(b)

(c)

(@)
(e)

(£)

weathered and fractured rocks form the phreatic aguifers in
most parts of the project area, The current ground-water
exploitetion fron dug and dug-cum~borewells is from the
phreatic aquifer,

Ground water occurs under confined and semi-confined conditions
in solution cavities in liniestonc and in the vertical to
sub=-vertical deep seczted fractures which occur as long narrow
zones in the basenent rocks, Detection of these aquifers needs
sophisticated techniques; random drilling by private agencies
have resulted in a large percentage of failures,

Hydrographs prepared for some of the wells (5 year records
available) indicate that there is no drop in water level over
the years except in one valley (Chinnethadagam Valley) where

the rate of decline had been 1 to 1,5 metres. The cause for the
decline in Chinnathadagam Valley has been cstablished as
over—-extraction, : :

Water samples tested during exploration work indicate that good
guality water can be obtained from the deep aquifers.

Construction of subsurface dams to iuprove the ground-water
potential of small valleys in hard rock arcas is a distinct
possibility. The cconomic feasibility has yet to be established,
however,

Experimentel drilling of horizontal bore holes in existing dug
wells has shown that some of the old wells, where yields have
decreased with age, could be increascd considerably. In one

well, two bore holes with a total length of zbout 48 metres

gave a 100 per cent increase in yield, Incrustation like "Kankar¥
deposit in the frectures and on the walls of the well have been
adduced as a possible reason for such situations,

VI. TANK IRRIGATION :ODERNIZATION PROJECT IN ThhIL NaLU STATE

1. The project

Tamil Nadu has already harnessed most of its economically utilizable

surface-water resources, Even the ground-water resources, that can be easily

located, have been utilized to meet the unsatisfied demand for water, Efficient

use of water and or transbasin diversion fron other states can help tc nmeet

tﬁis derand,
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sbout 3.7 million hecteres, representing almost 50 per cent of the
erea under seascnal crops, ere under irrigation; the cropping intensity is

about 130 per cent.

The average rainfsll in the state is about 950 um. The eastern
plains receive most of their reinfall, about 450 mm, during the northeast
monsoon months of October-December while the western areas are affected by
the southwest monsoon when a rainfall of sbout 300 mm is received. The

central regions remain dry during most part of the year,

There are about 37,000 small and medium sized tanks (reservoirs)
spread throughout the plains. These tanks had been in existence for centuries,
Some of these tanks are augmented by canals tapping the seasonal flows in
adjacent streams, Usually, the flood flows from these streams are dirscted
intoc these canals, which feed a series of tanks periodically. At present,
a rainfed crop with supplemental irrigation from the tanks is grown during
the period Lugust-November, i second crop is grown from December to March

with water issued fron the tanks,

Most of these tanks and the irrigation systems have to be modernized
if the water is to be uscd effieiently. For the present, the state government
proposes to modernize 490 tenks irrigating about 218,000 hectares (540,000
acres) over a period of & years at en estiuested cost of Ks 1,190 millicns,

On completion of the modernization, it is estinated that ebout 55,000 hectares

of additional lands can be brought under irrigeticn,-
The improvements to be e¢ffected are noted to be:

(2) Tank bunds. Inadequate attention paid to the maintenance of the
tank bunds has left the bunds in 2 weak concdition, It is proposed
to strengthen the bunds and alsc raise the bunds where necessary
to provide sufficient free board.

(b) Peeder canals. Feecer canals will be reconditioned to carry the
designed (or in some ceses redesigned) flows to the tanks,

(¢) Sluices. The existing sluices are old with ineffective control
devices, 1In some cases, even the locations need to be changed,
New 8luices, at proper locations to meet the command area
will be constructed so as to provide effieient releasecs of water,

(d) Spillwavs. Thc spillways have been designed on an eupirical basis
of flood estimation., kost of the spillways will be reconstructed
after a proper scicntific estimation cf the floods that are to be
dealt with.

(e) Irrigation distribution system. The wein and branch canals will
be reconditicned to proper stendards, Ia order to conserve water,
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these canals will be concrete lined and provided with properly
constructed pipe outlets for issuing water to the field water
courses, Systens of fisld-to-field irrigation will be elindinated
by the construction of field water courses to provide direct
irrigation tc lots of esbout 10 hectares in extent,

(f) Water distribution. &t present, continuous ficld-to-fiecld
irrigation is practised, This results in wastege of water and
depressed crop yields as epplied fertilizer wes carried away
with the drainage water, The control of water was not in the
hands of appropriate qualified authorities.,

It is proposed to vest the control and issue of water up
to 10 hectere blocks, to the PWD which will also be in charge
of the tank and canal systerr, Rotational issue of water is
proposed so as to save weter,

2. Observations

(a2) The project is still in the investigation stage. Typical designs
and proposals have been prepered for soue tanks while further
investigations are proceeding., s soon as financing is assured,
the authorities propose to proceed with the construction.

(b) Ground-water investigations are procceding in several aresas
in Tamil Nadu. Conjunctive use of surface flows and ground
water will help to consolidete the position further.,

(e¢) & pilot project has been sterted in Periyar Veigei commnand area
in Madurai district to study the agricultural practices and
irrigation techniques necessery to optinize production, The
following shortcomings have been noted by the pilot project
study teams:

(1) Resulting from the field-to-field irrigation system, there
is unequal distribution of water, with water deficiency at
the tail cnd;

{i1) During the rainy sceson, drainage prcblems are noticed;

(111) Lack of drop structures in thc field channsls._ceusc
canal erosion,

To sclve some of the above problems, the following steps have
been successfully introduced:

(1) Deterrination of suitable cropping patterns after soil
surveys

(2) Lining of field canals where large seepages are noticed
(3) Construction of adequatc control structures on the canals

(4) Land levelling and land shaping to ensure uniform
irrigation

(5) Provision of field drainage channels to link with the
main drainage streams,

(d) Water measurement devices have yet to be introduced, Lack of
adequate data relating to past water usage does not permit the
project authorities to plan rehabilitation proposals effectively.
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Farricrs have to be drawn intc the planning process. For this
purpose, a dialogue has to be established between the farirers
and the project authcrities.

Proper attention has to be paid to egricultural extension
services, Oystens of agricultural -credit and marketing have
to be orgenized,

h systen of crop insurance r.ay provide the necessary incentive
to the farters to adopt improved cultursl practices,

Jhnnex 11
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WATER RESOURCES MANAGEMENT IN SRI LANKA

A. GENERAL SITUATION

;‘!4—

1, Climate

Sri Lanka is an island located in the Indian Ocean southeast of
India, from which it is sepafated by the Palk Strait. The total area of
Sri Lanka is 65,000 sq km (25,300 sq mi) of which the south central

mountain zone covers 10,900 sq km and inland waters 869 sq km.

The island comprisesué cgntral massif sloﬁipg oﬁ:all sides to the
sca. The general level of the coaétal plain varies éfom sca level to
upwards of 122 m (400 ft) above sca level, while crosion remmants within
the plain may rise up to 305 (i,OOO ft) or more. The south central highland
region rises up to a general level of about 1,220 m (4,000 ft) above sea
level with the highest peak at 2,525 m (8,282 ft) near Nuwara Eliya.

-The iéland has a tropical climate chardcterized by high temperatures
throughout thenyéar. The méan annual temperature in the coastal plains .is
about 27 to ngc; tﬁe mean temperature drops by about 3%c in the central
hills. The average daily temperature range varies from about 8°g in the

coastal arcas to about 9°c in ﬁhe\centralmhills.

The distribution of rainfgll is uneven and most of the precipitation
occurs in two monsoon periods viz. northeast monsoon (October to February)
and southwest monsoon (May to July). During the intermonsoonal periods,

local thunder storms bring a certain amount of rainfall.

The southwest section of the island receives rainfall rangiﬁg from
2,500 to 5,000 mm while the rest of the island experiences rainfall ameunting
to 1,250-1,900 mm. The areas which have annual rainfalls below 1,900 mm
are called the "dry zome' areas while the rest of the island is called the

"wet zone'.
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2. Land resourcces

The total land arca of Sri Lanka is 65,600 sq km with land usage

as follows:

Percentage of total

Percnninl croplands 12
Scasonal croplands 24
Garden londs ond homestcad 9
Forests (all types) 44;0
'Grassland ' ‘ 5.4
Swamps and inland waters
Unused lands ctc. 5.6
100,07

.y -
s

Sourcc: Bas d on 1961 acrial survey.

At present, it is cctimated that the forest lands will be about
35 per cent of the total arca. The minimum requirements of forest reserves
have been estimated to be about 30 per cent or 2 million hectares.
Approximately 200,000 hectares can bec used for further agricultural
development, 3011 uurvcys have shown that about 70 per cent of the total
land aroa ‘Gan be UScd for agrlcultural purposes whilc the balance of 30

per cent 19 best allowed to remain as forest lands.

3. Gencral cconomy

The mid-yecar population in 1977 of thc island has been cstimated:
to bc about 14 millions indicating an annual ratc of increasc of 1.7 per’
cent. The GNP at factor cost priccs in 1977 was reckoned to be Rs 29,122
million. This reprcsents a per capita income of approximately Rs 2,080
($US 320), After adjusting for price increases, the per capita income in
real terms (1959 prices) was Rs 855 ($US 132).

ok The agricultural sector contributed the largest share to the GNP,
viz 32 per cent in 1977. The total valuc of all imports to the country in
1977 was Rs 6,007 million of which about 36 per cent consisted of food
imports. On the other hand the total exports for 1977 was valued at
Rs 6,638 million of which approximately 77 per cent consisted of agricultural

products,

The dependence of the country on agriculturc whon judged by its

contribution to GNP, and external trade is very obvious.

/Unemployment



- 47 -

Unemployment as wcll as under-employment have become serious
problems in-the .country. It has been cstimated that approximstely 1 million

persons are unemployed.

4, Water management'policy

"The two major problems facing our country are the unemployment
problem and the need for import substitution in rice and other
agricultural products.....The imports of rice, wheat flour and
sugar alone causc a drain on the foreign exchange resources of

the country amounting to Rs 2,200 million at pre-budget prices

and: approximately Rs 4,000 million at post budget prices. This

Rs 4,000 million represents slmost the capital budget of 1978,

There are several other agricultural products-nil seeds, cottom

and other fibre crops otc. which can substitute imports and provide

a valuable source of export earnings as well 2§ 8 source for the

creation of Agro-industrics in this country".—

The above indicetes the basis for the policy decisions regarding
the menagement of water. Development of agriculture, especially in the
"dry zone" cannot bc achieved without a proper irrigation system. The
management of water resources Becomes a primary concern in the development
process, In the past few decades, the policy for irrigation development
had been concentrated on thé restoration of abandoned irrigation tanks
(resevoirs) and diversion schemes. The country has had a long tradition
of irrigation where a large number of irrigation schemes helped to produce
all the food that was required in the country. Internal wars, attacks by
foreign invaders, discases and floods®combined to destroy several of the
irrigation schemes. Towns snd villages were abandoned and the population
shifted to the 'wet zone' where cultivation could be carriad on without
the help of irrigation. This jungle grew up in places where previously
there had been paddy fields. Commencing from the mid-1930s, the Government
embarked on a programmc of restoring these abandoned irrigation works and
investigations revealed the existence of an claborate network of irrigation
reservoirs. Several of these reservoirs had their catchments eugmented by

intricate diversions from adjacent peremnial rivers.

Re-use of water was practised extensively by the construction of
a cascade of reservoirs on the same stream. The entire landscape in the
dry zone was covered by reservoirs and paddy fields. All this development
had been‘lost'by neglect; jungle and wildlife grew in areas once inhagbited

by man.
/A

A

g/ Message from Hon. J. R. Jayawardena, Prime Minister (now President),
in "Mshaweli Ganga Development-Sri Lanka” 1977).
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A systemetic programme of restoration of these ancient irrigation
works, which was commenced in the 1930s has been completed, Jungle has
been cleared and the tanks and irrigation systems restored, People were
resettled in these projcct areas. At the outset, people had to be
induced to settle in these areas and Large concessions and facilities
were offered. An intensive health programme was worked out to eradicate
disease in these jungle areas. At present, there is a clamour for land

under these settlement schemes.

Alongside these restoration schemes, a few lerge irrigstion (reservoir)
schemes were also constructed to meet the need for irrigated land. 1In the
recent past, irrigation schemes were designed to benefit as many ss possible

by providing the water for a cropping intensity of about 1 to 1l.4.

The steep increase in population brought about an acute shortage of
land for agriculture and other uses. This situation called for a change in
the policy regarding land settlement and agricultural development. Recent

policy attitudes can be summed up as follows:

(a) Modernize the existing irrigation schemes ®o0 as to ensurer
proper water and crop management. Irrigation efficiencies
are to be improved by:

(i) Constructing or reconditioning the conveyance system
so as to minimize conveyance and operational losses;

(ii) Proper on-farm development so as to ensure uniform
irrigation and drainage of the farm;

(iii) Adopting the most suitable cropping patterns and
calendars in keeping with the nature of soils,
climatic conditions etc.

(iv) Educsting farmers in proper techniques of irrigation
~ ° and farm management;

(b) ‘Consolidate the conditions in the rural sreas by the construction
of minor irrigation schemes whercver this could be achieved
without heavy investment, The entire cconomic activity of the
villages would not depend on thcse irrigation schemes, but
they would supplement village incomes through the increased
sgricultural production;

(c) Construct medium size resevoirs, in the dry zone, for the
irrigation and settlement of people on lends under the scheme.
Lendless people in the district are scttled on state land so
as to enable them to contribute to national production, ,
Since thesc schemes are normally located in the plains of the
dry zone, they are essentially single purpose (irrigation)
schemes without much scope for hydro-power development;

(d) Construction of transbasin diversion schemes where giant multi-
purpose reservoirs are constructed in the wet zome and the 1

- PR
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regulated surplus woters ore diverted by trsnsbaosin conels to

g the deficit rreas, Part of the cost of these cxpensive
transbasin diversion schemes ore borne by the hydro-power

' component of the scheme thereby making  the agrlcultural

- -component of .the scheme viable. The addltlonal water,.
so diverted to the deficit areas, is utilized to (i) 1ncreasing
the intensity of cropping in the currently culfivated lands,
(ii) opening up of new lands for development under irrigationm.
Such development includes the settlement of people who have had
no land to cultivate in the past;

(e) Construction of minor pumped (low lift) irrigation schemes to
enable quick development to meet the demand for irrigation
water. These pumped irrigation schemes are usually de31gngi
fo6r the cultivation of high value crops so as to afford adequate
returns on the investment. Most of these schemes serve to.
settle unemployed youth who would otherwise be a burden to their
parents and the State;

(f) Usc of ground water for the cultivation of high value crops.
Open dug -wells hed been functioning from early times. Ground-
water investxgatlons have been ifiitiated to locate potential
equifers for:

(1) Augmenting surface irrigation water during times of -
drought;

(ii) Developing semi=-arid areas for high value crop
production;

(g) Introduce land and institutional reforms to ensure proper
management and production from the use of land and water
resources. It has been reslized that large agricultural lsnd

~holdings in irrigated agriculturc nften failed to optimize the
production, Hired farm labour, employed in such large farms,
did not have a direct interest in the degree of production in
these large farms. Adequate farm inputs, such as fertilizer,
were not utilized at the appropriate periods. A ceiling om
land holdings was introduced whereby an individual could hold
a maximum of 10 hectares (25 acres) of irrigated lands. This
step paved the way for intensifying the cultivation in such
lands.

The setting up of agricultural productivity committees,
CU1t1vation committees, co-operatives, rural banks snd other
institutions for ensuring and regulating the activities of

the farming community was another step to ensure proper
agricultural production.

I. PROGRAMME FOR DEVELOPMENT

1. Assessment of water resources

Sri Lanka has a2 fairly dense hydro~metercological network covering
the entire island ‘and available records go back for several decades. Records
of stream flows indicate that about 28 million acre feet (34 million m3) of

water is discharged into the ocean annual. The seasonal pattern of rainfall

/brings
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brings about problems in regulation and usage of the asvailable water resources.
In the "wet zone" areas whete there ie feirly even rainfall, crops can be
grewn-aimost throughout the year without the need for chstly storage
reservoirs. In the 'dry zone" areas storage reservuirs are required for
regulation of the stream flows. Even with thase reservoirs, fegulation
capacity is insufficient to meet the demands for agriculture in the dry zone.
In order to meet these deficits, diversions from surplus areas in the wet

zone has to be effected. It has been estimated that the total water resources
‘available for utilization will be sufficient to meet the needs of the country

- for the next few decades.

P n 2. Present development

Paddy and other subsidiary food crops are grown on about 2 million
acres (800,000 hectares) of land of which about 1;000,000 acres (400,000
hectares) are rainfed while the balance is irrigated. The irrigated lands
utlllze an estimated 6 million acre feet (7.5 million cubic metresg) for
cultlvatlon. The cropping intensity is about 1.5 in average years. The
irrigated lands are mostly for paddy cultivation from reservoir (tank)
schemes. Some of these tanks date back to about 600 B.C. while several
majér réséxvoirs have been constructed in recent years viz. Senanayake
Samudra {120,000 acres), Udavelaws Reservoir (60,000 acres). The Mahaweli
Genga, & river which has its source in the ceantral hills (wet zone) wends its
way to the ocean at Trincomalee, a sea port in the enstern plains of the dry
zope area of the country. A developmeng programme was -launched in 1970 for
the utilization of the water resources of the Maheweli Ganga, the longest
river in the island. The flrst progect in this development is in the final
stageé of completion. (Detells of the project are given in section IV below).
Water has already been made avzilsble to supplement the water supplies to
about 130,000 acres (52,00C hectares) of currently cultivated lands to
ensure annual double cropping in place of the existing cropping intensity of
1.5 and for providing water for cultivation of about 70,000 acres (28,000
hectares) of new lands for two crops per snnum. Further development is

continuing.

" The island's power is basically fed from hydro-power generation

(300 MW installed capacity) with only zbout 60 MW of thermal generatiom.

Most of the community water supply projects are from surface-water

sources. Open dug wells and ﬁillage irrigation tanks and streams are tapped

/to
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to provide the much needed water for domestic purposes. During the past

few years, ground—water sources have been increasingly utilized as a source

for communlty water Supplles.

‘ 3. Medium term plan for development

The current plan for development for utlllzatlon of water resources -

has the f0110w1ng components :

(a) Promoting. efficient water management in existing irrigation
schemes by introducing institutional changes and careful
monitoring of water uses;

. (b) -Modernization of existing irrigation schemes by providlng
better irrigation and drainsge systems;

(c) ’Constructloﬁ of medium size 31ng1e purpose reservoir schemes;
(d) Transbas1n diversion schemes for the transfer of water from
“surplus’ (wet) areas to deficit areas.

Efficient water management in existing irrigation schemes

‘. -About 1 miilion acres (407,000 hectares) of lands receive irrigétion‘
water from the numercus irrigation schemes. The overage cropping intensity
.is about 1.5 per amnum but the irrigation cfficiency in some areas has been
founé to be .as low as 30 per cent. It has been found that better water
distribution and efficient use of water could increase the cropping intensity
to gbout 1.75 with little capital investment. Tﬁe problems asffecting the“use

of water hav: been identified aud are discussed beclow:

(1) The fermers do not commence their wet scasoa (maha) cultivation
activities early enough to make the best use of rainfall for growing the
crop.. In most parts of Sri Lanka, the rainfall, except during exceptionally
dry years, is sufficiept to grow a crop of paddy during the wet season.lvA
little irrigation water, during critical dry periods of the cultivation
season,- is all Lz is required to raise & crop of paddy. When the farmef
misses the early part of the monscon rains, the crop season extends into the
subsequent-dry season, when more water is required to sustain the crop.
Education for the farmer, making arrangements for the supply of farm inputs
at the appropriate times and persuasion of the farmer to improve bis techniques

of farming arc to be adopted.

(2) Monitorlno and control of water deliveries, couplcd with
educatxon and participation of the farmer in water menagement can reduce
water wastage conSLderably Prior to the 1mp1ementat10n of the programme,

the suthorities controlled the water issues up to the beginning of field
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channels (farm channc¢ls leading up to each farm). The formers were expected
to use as much water as they needed, sometimes at the expense of their
colleagues at the lower end of the channels. The present plan is to engage
a "water distributor' (labcur) to enmsurc timely icsuc and control of water
to each chamnel. The farmers under cach channel are required to nominate an
individual who will prepare the irrigation calendar for o1l the farmers
under the channel and ensure £zir distribution of the available water.
Education of the farmer so that he is competent to judge the frequenciecs

of irrigation needed for his crop will cnsure the climination of over-

irrigation.

(3) The crop grown should suit the soil and water availability.
In pervious soils, it would be imprudent to grow a crop like paddy which
needs standing water and it would not be desirable to grow dry- foot crops in
heavy, poorly drained soils. Crop diversification and determination of the
proper crop to be grown in any particular area has to bc undertaken.
However, the farmer who has been growing paddy traditionally.is reluctant
to change to other crops. Rice is the staple food of the people of Sri Lanka
and consequently has a ready and easily accessible market. Most of the paddy
farmers are not used to cultivation of other crops under irrigated- conditions.
Crop diversification in irrigation schemes cannot therefore be achieved
successfully in a short time. Education of the farmer through the extension
services, introduction.of guarantced or floor prices by the Government,
provision of adequate mzrotins facilities and every form of assistance possible

for the encouragement of cvop diversification are being introduced.

(4) The existing irrigation laws were developed from the traidtional
irrigation practices that had existed for centuries. The cultivators under:
each scheme gather at a meeting convened by the revenue authority of the
district and decide their cultivation calendar a2nd the cornected farm
operations. This democratic prccedure, though successful in parts, has had
its drawbacks. Enforcement of the decisions made at such meetings has
become increasingly difficult. Fresh legislation for the introduction of
agrarian services committees with joint farmer-official participation is

being contemplated.

Modernization of existing irrigation systems

Most of the existing irrigation schemes were designed and constructed
during periods when efficient water management was not given much emphasis,

Water was not such 2 scarce commodity nor wes land., Cropping intensities

Jwere



- 53 -

were low and so was the porulatina.. The demeud for food _grew with increased
population and improved living standards. 1In order to increase the
production, improved agricultural proctices were introduced. Mechanical
ploughing to shorten the period of farm operaticns, use of improved seed
materials, chemical fertilizers and agrbchemicals to achieve high yields,
transplanting of paddy and other similar activities brought about a high
increase in cost of farming operations. If these costly inputs are not
matched by adequate 2nd timely water supplies, the net result would be
negative return to the farmer. This in its turn, proves to be a disincentive
to production in the vitel n_ricultural sector. The irrigation systems,

as designed in the past, did not provide facilities for ecfficient distribution

of water. The problems have been identified as follows:

(1) The conveyance losses in the irrigation systems were considerable,
often as high as 30-40 per cent of the total water issues from the source.
This mesnt that approximately 50 per cent of the farm water requirements was
lost through seepage, embankment leakage and evaporstion from the canal
water surface. In some casec, lcsses also take place from evapo-transpiration
if weeds and shrubs are allowed to grow along the cenal sides. These losses
can be cut down by 50 per cent or more by lining of canals, reduction of
cmbankment leskage by ensuring proper consolidation of the banks and by
clearing the canal of weeds. Lining of c:xnals is a costly operation and
proper evaluation of the economic: of such 2 venture has to be made.
Determination of canal lossee pvaer lonz r+r-~%ches is 2 difficult operation.
Time constming work has to be undertaken before steps can be taken to

implement proposals for such procedures.

(2) 1In order :o mcnitor the use of water, it is mecessary to know
the quentum of water delivered ot different locations. In practically all
schemes, canal flow measurirg devices are not available. Except for the
estimation of flows at the source, there are n»o records of water use in
different sections. Parshell flumes, notches and stick gauges arec being

introduced along the canals to mcasurc the flows at important control points,

(3) It is not rccessarv to irrigate farms continuously. Rotational
water issue has to be practised if unnecessary water losses to drainage are
to be avoided, For this purpose, contrnl and regulating structures are
necessary. In most schemes, regulating structures ere not svesilable while
the type of control structures vhen availsble are not efficient. The gates

of these control structures have to be modified for efficient operation.
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(4) Lend levelling end farr. prepareticn techniques have tc be
irproved, The present systen of plot to plot irrigetion results in uneven
irrigation and consequent wastage of weter, Releying the ferrs and provision
of farm.ditch;s is a costly process which will alsc necd the direct

participation of the farmer,

(5) 1In scverel schemes, drainage lincs have been blocked end in
some cases cbliterated by farmers. Adequat. drazincge has to be provided

if good soil conditions are to be maintained,

(6) hccess roeds or tracks to individual farms are not aveilable
in rost cases., This situation results in high cost of transgort in noving
farr. inputs to the farm as well es the ferm produce for rerketing, Even

raintenance and operational activities along the chennels are :ade difficult,

Construction of medium scale irrigetion reservoirs

There are several streans in the dry zone erces which could be
harnessed for the irrigation of arcas, sometimes extending up to 20,000
to 30,000 acres (8,000 to 12,000 hectares), The;e streans run dry during
the dry months, hpril-September, but have considcrable flows for the rest
of the year, HReservoir sites have been investigsted on several of these
streams and it has been found that meny of these reservoirs could be
constructed ¢conaouically to provide irrigeticn water to hitherto undeveloped

arees,.,, ’

The cengineering works cdou not provide any extreordinary problems,
The following cunsiderations indicete some of the interesting aspects of

such devel.pnent schenes:

(1) The developrient area is usually in undeveloped jungle ereas.

Surveys and investigations therefore take considereble tine,

(2) The soils in the projcct creas are not consistent, They vary
from well drained reddish brown earths to poorly drained lower humic grey
soils, Intensive soil investigetions have to be carried out to determine

cropping patterns that could be established in the project ereas.

(3) Construction labour as well zs fariers have to be settled in
the project areas from adjecent esreas, Auenities such as schools, roads,
rural hospitals, postal facilities, marketing facilities etc, have to be
provided, The pfbvision of such facilities tend to increase the cost of

the projects,
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(4) Unermployed and usually landless pceople are scttled in these
projects. The projects thercfore serve es a noans of income re-distribution,
whereby the poorer sections of the peoplc arc giver & chance to producs
and better their standards of living.

(5) During the initial years of the'proj.ct, the production from
the ferwms is low, This can partly be ettributed to the lack of fanmuing
experience of the settlers, However, aftcr & few years, the production

reaches the desired levels,

Transbasin civersion sche. cs

is stated earlier, dry zone ereas arc water ceficit while the wet
zone zreas have surplus water, The weot zcne erces have considereble
hydropower potential which can be harncsscd, The dry zonc arcas are
in the plains with very gooc soils for growing irrigated crops. These
conditicns provide very suitable conditions for developient, Hydropower

schemes can be combined with transbeasin civersions for sgricultural purposes,

The dry zone arcas awaiting such developuent ere loceted in the
southeast, northwest and north centrel areas., Thcse arees elready have
a nztwork of rinor and mejcr reservoir schemes where average cropping
intensity is abeout 1.5 por annurn while 2 minimw. of twe crops can be grown
if sufficient water could be found. In addition large areas ere undeveloped

Jungle land, awaiting reclanation,

L master plan has slready been forrulatced for the utilization of
the water resources of the hLehaweli Gange, the largest river in the island.
Undcr this plan, about 900,000 acres (360,000 hecteres) of land in the
north central regicns will be provided with irrigetion water by ccuablning
the weter rescurces of the lkiechaweli Gange with thosc of the smeller streams
in the development erse itself, Of this arce, sgbout 250,000 zcres (100,000
hecteres) crc olready develeped and irrigatecd frow the schenes that have
been constructed, This uejor devclopuent progranic wes comaenced in 1970,

and work is proceeding (sse below),

Kelani Ganga, ancther nmajor river which has its cutlet to the sea
in Colémbo, has becn studied for the purposcs of diversicn to the northwestern
sector of the dry zone, In view of the large investment required for the
implementetion of the Mahewell Genga Development prograsi.e, this diversion

prcject has been put back for a later date. . -
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The scutheast dry zone secter can be served by the diversion of three
large rivers, viz, Kalu Gengs, Gin Ganga, end lilwale Ganga which flow into
the ocean along the couthwest coast. Though this possibility has been

identificd, detail studies have yet to bo undertaken,
B, PROJECTS

II. Trilk mOUERMIZLATION rRULJIICT
1. Introducticn

Lbout 500,000 ezcres (200,000 hecteres) cre irrigated in Sri Lanka
under approxiunately two hundred mcdiun: size tank schemes, Deterioration
of the irrigation systems, inadequate water management and lack of farn
inputs have contributed to the schomes being not eble tc achieve the
production potential possible under them. One cf the key elements in the
mediun~term development prograrme is the reconditioning of thesc existing
irrigation schenes and introducing better water inanagement practices for

achieving increased production,

2. The project

To achieve the objectives quoted above, the Governmcnt has sclectod
five tanks with a totel cowrmand arez of 31,500 ccree for developuent in en
initial phase of a mediun~tern programmc, The result of this pilot progrerme
will decide the future prograime for the other schemes, The five tanks
selected arc all loceted in the north centrel regicn of the island and
practically all of then were constructed in the late 1950s, 4dl five
tank schemes were settlement schemes wherc each farmer wes allot-d ¢ three-acre
irrigated farin and a two-ccre house lot where he could alsc have an

unirrigated home gardcn, The details of the five tanke arc as follows:

Mehekandarawa  lahawi  Favetkwlan Vevunl Pedaviya

1llachechya kulem

1. Tank capacity (ac ft) 34,000 32,500 27,000 35,000 85,000
2. Catchrment erea (sqg mi) 126 141 115 88 206
3. Irrigeted aree (acres) 6,000 2,600 4, 400 6,20 12,500
L, Estimate inflow

(75 per cent expectancy) 43,500 21,000 20,500 32,000 127,000
5. Water availebility per

acre irrigasted (ac ft) 7.2 3,0 46 5.3 10.2
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3. Water reguirement

Crop water requiremcnts were computed using a modified Penmen
ﬁcthod; ftin over=-all irrigation efficiency of 55 per cent has been assumed
and the cultivation calend@r is, after supply of all other inputs at the
appropriate times, assumed to bc so drawn that the best use is made of the
effective rainfall,

For a crop of paddy, the watcr requirement has been computed as
follows:

Maha (wet season) Yala (dry season)
Sep, Oct, Nov, Dec, Jan, Total Feb, March Apr, May Jun. Total

BEvepo-trans—

piration(in) 6,7 5.2 4.1 4.3 4.5 5.5 6.7 6.5 7.9 4.2

Crop factor 1.00 1,15 1.20 0.9 1,0 1.15 1,20 0,90
Consumptive : - ‘

use (in) 5.2 4.7 5.2 4.1 19.2 - 6.7 7.5 9.5 3.8 27.5
Land prepara-

tion (in) 4,0 2,0 - - - 6.0 4,0 2.0 - - - 6.0
Effcctive rain~ .

fall (in) 0.5 3.5 3.4 3.0 0.8 11.2 0.4 1.3 2,5 1.1 = 5.3
Net irrigation

requirements

(in) 3.5 3.7 1.3 2.2 3.3 14,0 3.6 7.4 5.0 8.4 3.8 28.2

Tank releases
at 55 per cent
over-all

cfficiency 6.4 6,7 2.4 4,0 6,0 25,5 6.6 13.5 9.115.3 6.9 5l.4

The present cropping intensity is about 106 per cent, After the completion of
the modernization, the cropping intensity is expected to increase to 156 per

cent if all the agricultural inputs are maintained at the specified levels,

L., Project civil works

The works contemplated under this programme can be summarized as

follows:

(a) Desilting and cnlarging the entire water conveyance system;
(b) Repairing or reconstructing embankments to be used as farm roads;
(¢) Provision of drains to improve drainage;

(d) Provision of canal lining wherc nccessary
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(e) Repairing and modifying existing structures in the irrigation
system;

(f) Installing new regulators for facilitating weter control;

(g) Constructing measuring devices to measure water flows at
various key points in the irrigation -canal system;

(h) Provision of construction camp facilities.

5. hgricultural inputs

Lack of farm power hes been identified as one of the main constrzints
hindering timcly cultivation based on a specified calendar. This shortage
will be overcome by the provision of 150 four wheel tractors and 450 two

wheel tractors,

The egricultural extension scrvices will be reorganized so as to be

able to meet thc new demands anticipated in the future,

6, Costs, implementation period and financing

The project was cstimated to cost $US 30 as summarized below:

. 8US

1. Civil works 8.7
2. Construction cquipment 5 6
3. Agricultural equipment 5.6
Lo bhdoinistration ‘ 1.6
5. Physical contingencics | 1.7
6. Price contingencies 6.8
Total 30.0

The implementation of the projcct was scheduled for five years and
the first year of construction has just been completed, The foreign exchange
costs of the project are being financed jointly by International Bank for

Reconstruction and Development and the United Kingdom Government,

7. Observations on the programme

(1) It wes envisaged that construction work would be carried out c:
two schemes at a time when there will be o complete stoppage of all cultiva-
tion during the dry season., During the first year itself, this procedure
could not be implemented as favourable weather coﬁditions permitted a dry
season cultivation in most areas, It was not possible to stop cultivation

when water was available in the tanks,
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(2) Resulting from sbove, a fresh schedule of construction has
been introduced, whereby work will be carricd out in all schemes simultancously,

This has resulted in an increased need for construction equipment,

(3) In addition to construction or repair to structures along the
canals, a review of the irrigation system revealed that certain channels had

to be relocated in order to achieve an efficient water distribution system,

(4) Provision has not been made for the proper levelling of farms
.and ‘avoidance of plot to plot irrigetion, The proaect officials are
attempting to persuade +“e farmers on this aspect of the work; they have

achieved only limited success in their endeavours,

ITI. MLHAWELI GaNG4 DEVELOFMENT FROJECT

1. Introduction

The Mahéweli Ganga and its tributaries drain an ares of some 4,000
square miles or roughly cne sixth'df the totel Land area of the island, The
upper reaches of this lafgest (207 miles) river in the island falls within
the "Wwet zone" arca, while the lower reaches are in the plains in the
northeastern sector of the "dry zonc'"., The long-term meédn annual ym@ld of the
Mahaweli Ganga is estimated to be about 7.0 mlllion scre feet. Some 1rf1ga—
tion development, specially on the maiﬁ tr 1butarles of the river had taken
place in th- past. On the main river, a diversion weir had been constructed
in the late 19305.

‘ Investigations into the water resources potentials were commenced
in the 1930s, However a systematic study was undertaken during the period
1964~1968 by a UNDP-FAO team vhen expatriate specialists worked with 8ri
Lanka engineers and scientists to formulate,a master plen for the utilization

of the water resources of thc hahaweli Ganga,

2. The master plan

LI

) The plan provides for the regulaticn of the liahaweli Ganga and its
tributaries, including some.of the rivers in the adjacent basins, in order
to supply about 6,400,000 acre-fecct of water for:the production of hydro-power

and for irrigation,

Fiftcen reservoirs are planned for construction '£6r the development
of about 500 MW oft- 'w~power and the irrigation of 900,000 acres of:land,
of which some 246,000 acres are presently irrigated. The plan was

scheduled for implementation in a 30-year period,
/The
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The plon consist of several projects with each project being - vioble
on its own, but fitting into a composite stage by stage development plan.
Each project was planned on the basis thet:

~(a) It should be capsble of being undertaken without finencizl

commitment to other projects or without prejudice to
subsequent development;

(b) 1t should meet the anticipoted demand for power;

(¢) It should be implemented within a2 suitable period, keeping in
mind the ability of the country te recleim and develop the land;

(d) It should be economically viable.

. 3. The first proiect

The first project in this vast development plan, called the "Polgolla
Diversion Project'" wos commenced in 1970, A diversion weir was constructed
across the mein river, at Polgolla (four miles below Kandy), to divert
2,000 eusecs through a5 mile long tunncl. A 40 wW power plant at the end
of the diversion tumnel has its tail race discHargidg into Sudu Ganga, a
tributary of Amban Ganga which itself is » tributary of the Mapaweli Ganga.r

A toncrete dam at a site called Bowatenna in the Amban Ganga
regulates this diversion enabling a further diversion to take place into the
adjacent Kala bya Basin. The diversion from the Bowatenna Reservoir i§
utilized to prbvide supplemental irrigation water to 130,000 acres of preseatly
cultivated land and for the development of 100,000 acres of new lands, Thé

construction work on this project is scheduled for completion in 1979,

4. The acceclerated programme

" The continued import of a large percentage of the island's food
‘requirements, the stagnation of the national economy and the vast ﬁnemployment
problem prompted the Government »f Sri Lanka to reconsider the implementation
programme. The thirty year implementation schedule was considered to be
too long and the country was impatient at the slow pace of development., If
the Mahawéli development was to» have any appreciable impact on the country,

it was agrued, a quick programme ~f development was necessary. The

~. implementation of a4 major part of the plan in a period of 5 to 6 years was

considered necessary if the project was to solve the food and employment

problems of the ¢ountry.

In keeping with this policy programme, 2 fresh impleméntation

schedule has been drawn up under which 5 major reservoirs will be constructed
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for the development of ebout 330,200 acres of n:iw lands., These prcjects

will also have an instelled czpacity of about 400 bl

Feasibility end design studies erec currently being conducted on

all the five roservoir projects. Construction work cn all five projccts is

scheduled 1o cammence during the years 1979-1900,

5. Lend develcepont and wetcer management

¥

Land development

The accelerated programme envisages the supply of weter to 330,000
acres of lend which are now riostly in jungle. In order to obtein this ferm
arca, a total of spproximately 500,000 acres or more have to be cleared and
developed. The arca is mostly wooded and supports wildlife, The clearing
of such large continuous cress is being cerefully planned so as to allow
wind belts and other greencry in the arce, It is also propossd to allow
corridors s~ that wildlife can have nccoess t. neirzhbouring wildlife

senctuarics,

The farm land end housing ares will be cleered end lcovolled by the
State so that the farmer will bogin his farming csreer in the prejoect with

devcloped land being made available to him,
Scttlement

In the first preoject tc be implemented, cach farmer is given an
area of 2.5 acres of farm lend and 0.5 sere of lend for his housing. &
study has already boeen undertaken in ~rdcr to essess whether any changes
ere necessary to this unit of allocation, The minwmun farm income, cveilability
of family lebour and the necd for providing lanc for as mony people as
pussible werc some of the moin considerations in determining the size of the
allotment, Perheps as the development procceds, further consideratiocn hes

to be given to the optirdzaticn of production and return from investment,

In previous scttloment schemes, the dwelling zreas were in "ribbon
type" settlsments spread along the main canels, But it was felt that this
type of settlement did not promotc cchesiveness in the villages, {urther,
provision of sorvice facilities like weter oand elecctricity supplies, roads
ete, were costly, & "cluster" or "neighbourhood" type of settlemcnt is now
being adoptw=d, cach clustcr consisting of hemlets (100 farm families), villeges

(500 farm familics) and townships (for 3,000 families).
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The farmers are selected from predeterwined areas on the basis of
their expericnce in frrming, qusntum of lend owned, &go ond family size,
lcadership qualities cte. Howcver, initial preference is given tc perscns
who have been displaced by projcct activities.

it the time of settloment, the former is gronted e cesh subsidy
t. enablc him to build a temporary dwelling place, He is subseguently
given lcan facilities through conmercial benks to cneblc him to bulld a

permanent home,

Social infrastructure

The project works include the provision of several enenities to the
settlcuents., Market roads connecting the farm to the settlements and trunk
roads linking the settlements with outside urban centres are the first tasks
of the project authoritics, These roads provide mobility to the constructicn
labour force during constructicn operations and subscquently cnables the
farmer to proceed with his ferming activities without hindrance, Community
water supply is provided by means of open dug wells where a group of 20

families arc provicded with one well,

Coumunity facilitics like schools, hcspitals, post offices, market
places, co-oncratives, esscmbly halls, shops, grain stores etc, are provided
te match the nced of cach unit, For example, the hamlet will heve only a

visiting dispensary whilc the township will be provided with a hospital,

The facilities provided are plamned sc that the scttler would be
happy in the new enviromment and be in a positicn to contribute usefully to

the production effort,

Woter nmanagement

The design of the canal system for irrigation has been based on the
supply of water for two crops per annum, The cropping patterns will depend
on'the type of soil and the season, Rice is planned for cultivaticn in
peorly crained areas while a combination of upland crops will be grown in

well dreined areas,

In view of the ready availability of manpcwer, manually operated
control structures are provided for the distribution of water, Rotaticnal
water issue is to be introduced end @ control on the quantum of water used
by the farmer is to bc cffected on the basis of tiwe period of irrigation.

The water distribution functions ere to be carricd cut jointly by the
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project staff and the farmers, Eech farmer is provided with e direct outlet
from the field channel which serves his turn-out ares.

Drainage channels are constructed by the State so that each farm

can have an access to a drainage channel,

Observations

(1) The size of individual farms has been limited to 2.5 acres,
Llthough this may be sufficient for the present, there is no scope for
providing land for the next generation of farmers, Either the farms will
be divided into small uneconomical units or there will have to be a shift of

population to towns or other areas,

(2) Clearing of large arecas of jungle deprives the settlers of the
use of firewood as a source of energy. With the dwindling sources of
petroleum products, effcrts have to be made to provide the necessary timber
in the area, 4 careful prograrme of afforestetion in the areas adjacent to

the project has to be initieted,

(3) 4s paddy is the traditional crop grown by the dri Lenka fermer,
he tends to grow paddy even in well drained soils where large quantities
of water are requircd for its cultivation., & system of guaranteed prices
for crops other than paddy has to be effectively implemcnted if the farmer
is to be persuaded to grow upland crops in well drained soils, If this is

not done, the cropping intensity planned for cannot be realized.

(4) The use of large quantities of fertilizers and agrochemicals
may lead to pollution of the ground-water zquifers which is used for community

water supplies, Carcful monitoring of the ground water has to be carried out.

(5) Stagnant pools of water in the project erea may provide breeding
grounds for melarial mcsquitoes, Proper surface drainage systems have

to be provided to avoid standing water,

(6) Deployment of heavy machinery for construction work has to be
restructured to a minimum, so that the large unemployed lebour can be
engaged, This should not, however, be allowed to affect the quality or

the planned time schedule for the project.

(7) Seasonal farm labour may prove to be a constraint in the future,
This problem has to be studied in detail and appropriate solutions determined,
It may be necessary (a) to mechanize certain farm operations, (b) provide
migrant labour from neighbouring areas or (c) scttle sufficient numbers of

families outside the farms to provide a source of farm labour,
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(8) Farmer's organization and leadership qualities among the
g

settlers have to be fostered so that the farmers can manage their own affeirs

without being dependent on the State for all manegetent functions,
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Annex IIT

NATIONAL RURAL WATER SUPPLY PROGRAMIES IN
SELECTED #STiii COUNTRIESZ/

Bangladcsh

The population of Bengladesh in 1975 was cstimated at 82.5 millions,
of which morc than 75 million (91 per cent) woere rural dwellers, Safe watcr
was available to approximately 26 per cont of the rural population in 1973,
almest exclusively from tubewells and hand pumps. This percentage is
expected to incresse to 33 per cent by 1980, notwithstanding the 3.3 per cent
rate of annual population increase, Facilities for excreta disposal are
virtually non-existent in rural areas and contamination of surface water
scurcecs is widespread, Orgenized programmes for the improvement of village
sanitetion arc just beginning and it is cxpected that greater attenticn and
more resourccs, both government and individual, will be applied to rural

sanitation in the future.

Rural water supply and sanitation projects are implcmented through
the Directorste of Public Health Engineering (DPHE) which is under the
Ministry of Local Government, Rural Devclopment and Cooperetives, Funds
are allocated in accordance with a programme and budget approved by the
National Flanning Commission,. While the Government maintains major
responsibility for programmne planning and budgeting as well as project
financing and implcmentetion, there are a number of organizational levels
for the administration of non-urban areas, Ovor the wholc country there

ares

4 divisions, headcd by Divisicnel Commissioncrs
19 districts, headed by Ueputy Commissioners
62 sub-divisions, headed by Sub-division Officers

413 Thenas, headed by Circle Officers (for development
projoects) and Police Officers

4,285 Unions administered by lnion Parishads (councils)
63,000 Villages

The First Five-Year Netional Plen (1973 to 1978) pleced substantial
cmphasis on the provision of rural water supplies and sanitation, Over
the plen period it wes intended to allocets $US 58 million for construction
of rurzl water supply and sanitation schomes,

/Burma
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Burma

The 1972 census showsd~that Burme's populetion was ncarly 29 million,
with 2 recent populction growth retc of 2,4 per cent, Eighty-five per cent
of the population live in rural ercas but only sbout 13 per cent of these
had reasonable access to safc water by the end of 1972, FPresent plans call
for additional rural water supplics for only 120,000 people annually,

Little has been done to encourage rural sanitation, which is pocr in Burma,

Burma is made up of five fcderal statoes: Shan, Kachin, Kasen, Kayah
and the Chin Special Division. Fech statec is divided into administrative
districts, each with a deputy ccemmissicncr essisted by sub-divisional
officers and township officers., Villege headmen act as government repre-

sentatives at the local level,

Mz jor responsibilities for rural water supply and sanitation at the
national and local level lie with the Department of Health, Ministry of
Health and the Agriculture Mechanization Department, Ministry of Agriculture,
although there is little co—-ordination between them, The Ministry of
hgriculture is the leading agency in the planning and development of rural
water supply but there has been no systematic development of this sector in
the past, Communitics with population below 5,000 are generally considcred
rura2l and those with health problums associated with lack of .safe water, .
watcr scarce arcas, and locations wherce the cherical content in the water

1s excessive are given pricrity in selection of project areas,

In the First Four--ear Netional Plan (1971-1975) the rursl water
supply programme had low priority, Out cf thc 1972-1973 allocation of
cxpenditure for sccial welfare projects, which was 6 per cent (equivalent
to $US 104 million) of the total national budget estimate, funds for rural
water supply were only 0,04 per cent (or »US 42,000) of the sucial welfare
budget in that year, This level of investment is likely to continue for
scveral yeers because the social sector has been given low priority in the

second Four-Yecar Netional Plan,
India

The 1975 population of Indie was estimeted to be 596 million, of
which about 480 million (81 per cent) lived in rurel areas, The rural
population live in 576,000 villages, 3,000 towns and several thousand hamlets,
which are associated with viilages for census and other purposes but need to

be considercd separatcly for purposes of weter supply anc sanitation. Tie
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rate of rural populetion growth is now 2,2 per cent per annum, as the

result of an incrcasingly successful family planning programme,

The country is divided into 21 autonomous Stetes and 9 Union Territo=
ries, Responsibility for implementation of state watcr supply and sanitation
programmes is essigned to different ministries in different States and,
under the various ministries, is allocated to a spccific department,
Responsible departments include those of Public Works, Irrigation, Public
Health, Panchayets, Local Self Government and Community Development, In
one State, an autoncmcus board carries cut the programme, These operating
agencics are allocated funds from the State Government according to the
National Plan, In their over.zll budgeting, cach State will allocate Federal
and State funds to different sectors, depending on the revenue-earning
capacity of the sector. The Federal budget, which includes extcrnal aid
pooled with Federal revenue, is allocated to most States in the fcrms of
30 per cent grant and 70 per cent loan (the exception is for mountainous
arees) and a State would normally not apply the loan portion to the rural

water supply and sanitation programme,

Lt the Central Government level, the Central Public Health and
Environmental Engineering Orgenization (CPHEEC) of the Ministry of Works
and Housing administers the national input to all water supply and sanitation
programme in the country and the Planning Commissicn is responsible for
over-all development, The CPHEEL corvies out gencralized plenning but the
detailed design and construction of projects is done by the appropriate
department of a State Government. Operation and maintenance is the respon-
sibility of the Pancheyats cxcept for piped supplics, which are usually
the responsibility of the statc cngineering organization, The costs of
operation and maintenancc zre either fully borne or heavily subsidized by
the State Gevernments, Villegers in India have come to accept water supply
as a service supplizd free by the Government and this attitude will be

difficult to change,

It is estimated that only about 10 per cent of the villages in India
have a protected water supply.. In 90,000 villages there is cither no
adequate water source within 1,6 km cr the depth to the ground-water table
excceds 15 metres, In an additional 62,000 villages there are health problems
which are related to watcr, These villages are referred to as "scarcity
and difficult" or "health problem" villages and, in the Government's Fifth
Plan (1974-1979), the total Federal and State allocation for rural water
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supply, Rs 5,740 million ($US 718 millicn), has been restricted to means
for improving water supply conditions in these communities. In spite of
this allocation, it will nct bc possible to cover all "scarcity or problem"
villages, nor will the water supply needs of the annual increase in rural

population be met by this level of funding.

Llthough rural sanitation was part of the Netional Water Supply and
Senitation Programme, it has rcceived 2 low priority from the States.
Absence of drainage and excreta disposal systems in nearly all villages
often leads to insanitary conditions and the vast majority of rural people
still defezecate in the fields, This causes health hazards, particularly
where surface water sourccs are utilized for drinking, Some States have
subsidized the construction of water-sesled latrines by paying 75 per cent

of the cost to perticipating villagers,

In the Fifth Netional Devcleopment Plan, the concept of integrated
area development at the district level has been accepted by the Government
for the future approach to.rursl develonment, No specific programme or
agencies havc been set up to implement this strategy and it remains to be

seen how thc States will react to the Federal proposal,
Indonesia

The populaetion of the Republic of Indonesia was estimated in 1975
a2t 132 million, of which ebout 108 million (82 per cent) live in rural areas
in approximately 58,000 villages. The rurcl population with safe water
supplies was estimated in 1975 to be about 2,9 per cent of the 108 million,
Akt the same time, an cstimated 4,7 per cent of the rurel population was
considered to have use of fecilities for ﬁhe safe disposal of excrete in

rural areas,

There ere 26 Provinces in the country, cach with a Legislature and
Governor. The Provinces are divided intc Regencies (Kabupatens) and
Municipalitics (kotamadzas), each with a legislaturc, and thesc levels of
governnent are autoncmous, The next level is the Sub-district (Kecamatan)

and below this level is the village (Desa).

The responsibility for all aspects of the Central Governuent's concern
for rural weter supply and sanitetion is vested in the Directorate of Hygiene
and Sanitation (DHS) which is under the Directorate General of Communicable

Diseases Control, Ministry of Health, Projects, formulated by DHS are submitted
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to the National Development Planning Board (Beppenas) for approval and
allocation of funds for project implementation, Im each Province there is

a Provincial Department of Health whose Division of Hygienc and Sanitation
has responsibility for rural watcr supply and senitation projccts, Projects
mey be initiated and underteken without reference to thc Central Governmcnt,

provided that funding is acquirec independently of the Central Govermment.

Lt the Kabupaten and Kotamadya levels there are Health, Sanitaticn

and Public Works Divisions which participate jointly with Central and
Provincial Governments in rural wator supply and sanitation programmes.

These divisions have the authority to implement projects without reference to
Provincial or Central Guvernments when funding is provided by the Kabupaten,
For piped water systems, the local contribution is generally 1, 2 or 3 times

the Central Government budget allocation.

The Second Five~Year Plan (or Repslite II) for Indonesia (1974-1979)
provides an allocatibn of Rp 14 billion ($US 23 million) for rurzsl water
supply and sanitation, which is 0,3 per cent of the total plan outley in
the development budget, The projected rate of spending over the plan
period has now becn exceeded bocausc of the IJPRES (Preéidential Instruction)
programme which has earmarked additional funds for water and sanitation
projects in rural arcas ($US 4 million for 1974/1975 and tentatively $US 7
million for 1975/1976). TIn spite of the impetus given to rural water supply
and senitation by INPRES and the eveilability of funding, water supply
projects undertaken thus far can be considered as pilot projects for training
of staff and for demcnstrating methcdology. The shocrtage of technical
manpower in operating agencies is, at present, the most limiting factor in

expanding the rural water supply and sanitation programme,

Rural sanitaticn, particﬁlarly the construction of latrines, was
formerly based primarily on the initiative of the Provincial and Xabupaten
Health Departments., Future planning provides for Central Government funding
of a letrine programac, which will include both communal and individual
family units,

Nepal
, ' The lest census in 1971 reported a population of 11,56 million with
a rural componcnt of 11,1 million (96 per cent), The annual growth rete

of the total population was 1.8 per cent from 1961 to 1971, Rural water

supply is provided almost exclusively in the form of gravity piped systems,
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There are at present some 105 rural piped weter supply systems in operation
in the country and these serve a population of 405,400 (3.65 per cent of
the rural population), Rural sanitation programme have been almost non-

existent in the past but excreta disposal prcjects are now being introduced.

The National Flenning Commission maintains responsibility for rural
water supply and sanitation programme planning and budgeting., Implementation,
however, is now the responsibility of the Department of Water Supply and
Sewerage in the kinistry of Water and Fowcr of communitics over 3,000
populetion and thc Remote hAreae and local Develcpment Depertment, in the
Ministry of Home and Panchayat for communities under 3,000 population, with
the involvement of 75 district panchayats consisting of 16 urban (nagar)
panchayats and 3,916 village (gram) panchayats, &ll projects carried out
by the Remote Area and Local Develcpment Depertment include local contributions

from villagers in the form of manpower, locally available resources etc,

Rural water supply was emphasized in the Third Five-Ycar Plan
(1965-1970) so that out of a totel ellotment of $US 2,3 million, $US 0,66
million (about 29 per cent) was for rural ereas, In the Fourth Five-iear
Plan (1970-1975) $US 2,8 million was allocated for urban and rural water
supply. The Fifth Five-Year Plen (1975/1976-1980/1981) proposes the
following rural watcr supply programmes:

(1) Remote hrea and Local Develcpment Department to supply an

additional 108,000 pcpulation (in communities under 3,000)

by the construction of 175 piped water systems at an
estimated budget of £US 1,7 million.

(1i) Department of Water Supply and Sewerage to supply an additional
463,000 minimu to 564,600 maximum population (in communities
over 3,000) by the construction of 90 to 108 piped water supply
systems with a budget of $US 0,8 million,

In August 1975, a draft "Project Formulation for Development of

Water Supply and Excreta Disposal was prepared with the collaboration of
WHO and this involved both Departments in the provision of services for rural

areas,
Pakistan

The 1975 population of Pakisten was of the order of 70 million, with
approximately 80 per cent living in rural areas in more than 25,000 villages,
Up to 1975, only ebout 5 per cent of the rural populaticn.was served by
protected water supplies and, cssentially, no rural sanitetion programme

had been initiated, With a2 populeticn growth rate of 3.3 per cent per anmu:,
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the problems of meeting the increasing demends for rural water supply

and sanitation are scrvere, The Federal IFlamiing Commission has set 1980
targets for the Fifth Five-Year Flan (1975 to 1980) as 24 per cent coverage
of the rurel populaticn for water supply services encg 10 per cent for

sanitation,

Llthough the Foderal Government fremc policy set targets and alloceted
federal funds for rural water supply and (in the future) sanitation, they
leave the exccution of programmes entirely in the hands of Frovincial Govern-
ments, Fakistan is divided into four major provincecs, Baluchistan, North
West Frontier, Punjab and Sincg, and incorporates Azad Keshmir and Gilgit
hgency, hdministratively, thc Provinces are divided into Districts, Tehsils
(3-4 per.distriét) and Union Counéils (avarégc 30 per Tehsil, each
representing 3-10 villages), ‘Provincial Govermments have a high degree of -~
autonomy and the allocetion of both provincial and federal funds is the
responsibility of Provincial ussemblies, Thus, ‘the rural water supply
prograrme in Pekistan is administered by the Provinces, Fortunately, cach
Province has the same Departments responsible for rural water supply and
sanitation, In'each Province, the Department of Local Govermment and Social
Welfare administers these programmes and executes them through the Public
Health Engineering Department (PHED) and the People's Works Frogramme (FPWF).
However, the problems of supplying webter to rurel communities differ in
various parts.of the four Provinces by reason of geographicel and sociologicel

differences,

Provincial PHEDs ‘have the rcsponsibility for both rural and unbanl'
water supply and sanitation an¢, in the rural context, have concentrated on
larger, schemes of water supply, usually involving some form of distribution
system, Iost schemes completed have been for populetions between 5,000 and
10,000 but some villages with populaticns between 2,000 and 5,000 have been
secrved, The entire capital cost of these schemes is born by the Provincial
Governmentg, together with- the coéts of cperation and maintenance for the
first two yeers, After two years, in principle, local rural councils
(Union Councils) ere responsiblc for operation and maintenance but in most
cascs they do not have the technical for financial capebility of eccepting

this responsibility and FHED continues to assist,

In addition to their major respensibility for rural water supply
and sanitation, rHEDs arc also expected tc act as operating agencies in this

scctor for other egencies involved in rural development, 4 prograume of
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rural water supply assisted by a $US 15 million loan from  USAID and
invelving a Pakisten Government investment of ﬁUSlhé million over the

next five years will be implemented by rHEDs, Over recent years, the

budgets allccated by Provincial Govermments for rural water supply have been
increasing and sre now straining the technical capzbilities of the-Departments,
Shortages of qualified professional staff is the major constraint to

expanding present programmes and this, in part, is due to recruitment of

Pzkistani engineers for service in other countries, principally Seudi hrabia.

The People's Work Programme in each Province has the objective of
improving socio-economic conditions in rurel and urban communities, Various
categories of development project are eligible for support under PWD, including
"Drinking Water Supply" and "Sewage and Sanitation", but their main programme
has been in construction of rural link roads, The PWD Directorates administer
Provincial Government funds and co-ordinate operating agencies, In the
rural water supply scctor, they should be co-ordineting with PHEDS but, in
fact, are actually implementing schemes for rural communities with
populations of less than 2,000,

Sri Lanka

The 1971 census indicated that Sri Lanka's population was 12,71
million of which 9,87 million (77.7 per cent) lived in rural areas in 24,794
communities, Rural population growth had reached a level of 1,8 per cent
at that time, Almost 6,000 of the rural communities (population 1.13 million)
are called estete villages, while thu remaining 18,838 comwunities are
termed rural villages, governed by village committees, By 1972, almost
1.5 million pecple in rural communities (15 per cent of the rurel population)
had access to safe water supply, between 66 and 75 per cent of these being
served by standposts, It is estimated that in 1973, 1,15 million housing
units in rural areas (64 per cent of total rural housing) had latrine

facilities,

There is a two-ticr system of Government in Sri Lenka including
the Central Government and Local Government, Administratively, the country
is divided into 9 Provinces, 22 Districts, 157 DROl/ Divisions, and 3,614
GAg/ Divisions and the Local Government administration in rural areas is
in the hands of 542 village committees, representing groups of villages.
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The agencies responsible for rural water supply and sanitation are:
the Department of Water Supply and Drainage (DWSD) of the Ministry of
Irrigation, Power and Highways; the Territorial éivil Engineering Orgeniza-
tion (TCEQ) under the Ministry of Irrigation, Power and Highways; locel
authorities whose intercsts are lookca after by the Ministry of Local
Govermment, Public fdministration and Home affeirs; the Department of
Health in the Ministry of Health; and the Vivision of Public Health
Engincering in the Department of Building, Iiinistry of Housing, DWSD
provides assistancc for the establishment of pipeu water supply, sewerage
and drainage and carries out investigation, design, construction and, in
many causes, operation and maintenancc, TCEO undertakes the same functions
but only for small schemes, Local authorities are mainly responsible for
operation and maintenance of schemes within their own areas but have done
investigation, design and eonstruction of some of their schemes., The
Department of Health is responsible for the water-seal letrine programme,
Problems in the organization and menagement of watcr supply and sewerage in
the country have resulted in the Government creating an autonomous National

Water Supply and Drajnage Board:

The Government of Sri Lanka first placcd emphesis on water supply
projects benefiting rurael ercas in the late 1960s ' even though there was no
national plan for this sector, In the current Five-Year National Plan
(1972-1976) the importance of piped water supply and sewerage in improving
preventive health services in rural areas was stressed and 30 per cent of
the total plan outlay on watcr supply end sanitation was allocated for rural
areas, However, this allocation was only 0.35 per cent of the Plan's total
outlay on development works, In the past, rural water supply projects were
financed entirely by the Govermment but, under the present system of financing,
local authorities have to bear 42.5 per cent of the capital cost of all i}
rural schemes sponscred by Government and costing more than $US 3,350,

Locel authorities invariably have tc raise loans to meet their share of
capital costs, For schemes costing less than Rs 20,000 the Ministry of

Local Government has the discretion to waive the local authority's share,
Thailand

The 1970 census in Thailand shcwed the population to be 36,2 million,
of which 30,8 million (85 per cent) were rural. Communities of less than
5,000 people are regarded as villages and there are 50,000 such villages in

the country, The average annual growth rate for the rural pcpulation has
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been worked out by national authorities ¢t 3 per cent but there are signs

that family planning programmcs arc having an cifect in reducing this,

perhaps tc 2,5 per cent by 1977. It has been estimeted that about 10 per cent
of the rural population had access to safe weter in 1970 and the figure was
cxpected to increesc to 15 per cent by 1976. The present general policy

is to provide tubewells or sanitary wells equippea with hand pumps for rural
communities, supplemented by piped systems wherever feasible, A water-scal
latrine progremme has been very successful in all regions of the cocuntry

and by 1972 almest 14 million peuple were provided with this form of

sanitation in the house (20,4 per cent of all village houses).

Thailand has a highly centralized system of Government and,
administratively, the country is divided into four regicns: north, northeast,
central and south, There arc 72 Provinces (Changwats) divided intc Districts
(Lmphors) and each of these has 8 to 10 Sub-districts (Tambons). & Sub-district
will comprise 5 to 10 villages (Mubans). District czpitels and larger
Sub-districts have municipal bodies and cther Sub-Districts have Tambon

Councils.,

The National Eccnomic and wocial Development Board (NESDB) is
responsible to the Prime binister for the over-all development plan of the
entire country end now produces Five-Year dational Plans, 4Lt the naticnal
level, thé responsibility for rural water supply and sanitation is shared
by severel agencies, The Dcpartment of Public Health Promction in the
Ministry of Public Health, the Department of Public Works in the Ministry
of Intcrior, the Department of Mineral Resources in the Ministry of Industry
and the Lccelerated Rural Development Office in the Ministry of Interior
have responsibility for villeges with population between 500 and 5,000,
Villages with a populaticn less than 500 are lockcu after by the Department
of'Medical and Health Services in the Ministry of Public Heszlth and the
Department of Local Ldministration in the Ministry of Interior., idded to
these are the Dépaftmcnt of Community Development in the hinistry of Interior,
the Royal Irrigation Department in the Ministry of igriculture & Cooperatives
and the Border FPatrcl Scrvice of the rministry of Interior, which also play
minor roles in rural water supply and sanitetion.

In Lpril 1966 the Government started the "Community Water Supply
Project" which -had the objcctive of providing safe water to the entire rural
population. The Second Naticnal rlan (1967-1971) particularly recognized

the nced for increased investment in potable weter supply throughout Thailand

/but



- 75 -

but at the end of the Plan period it was admitted that potable water

schemes for smaller villages wecre still inadequate, despite the number of
Government agencies involved in that field, Only 0.8 per cent of the total
outlay of the Second Flan was allocated to water supply and sanitation for
rural areas, while 1,1 per cent was allocated for urban water supply and
sanitation. In the Third National Plan (1972-1976) the share of water
supply énd sanitation investment for rural areas was 1 per cent df the total
outley, half that allocated to urban areas, However, there has been a
progressive incréase in Spending on rural water supply and sanitation in
recent years: $US 4,67 million in 1972 and $US 6.1 million in 1974. The
budget for the Exvironmental Health Division (dealing only with piped water
supply'for the larger rural communities) increased from $US 1,2 million

in 1971 to $US 1.6 million in 1974. Ls evidence of the Govermnment's intentions
of promoting the development of rural areas, the budget allocated to the
principal Departments involved in rural water supply and sanitation in the
Third Five-Year Plan (1977-1981) hes been raised to $US 57,8 million from
$US 25.3 million in the Second Five-Year Plan,

In Thailand the people's contribution towards water supply schemes has,
in many casés, beon more than 50 per cent of the capital cost., The balance
is made up by Government as an outright grant. The entire cost of operation
and maintenance is supposcd to be borne by boneficiaries~but, for piped

water supply systems, has been heavily subsidized by the Government.
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