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the enormity of the task, I was rather overwhelmed. However, as the work of the Commission

proceeded and discussions in the Commission started, the mist on the road ahead started

clearing. The Commission was fortunate in getting members, each one of whom is an eminent

and well-known expert in his own area of work and interest. Members represented disciplines

such as engineering, water resource planning and policy, nance, law & water institutions,

water related international issues, environment & forests and economics. It was a great learning

experience for me to sit through the deliberations of the Commission. A

After a few preliminary meetings to decide on the method of work and the organizational

arrangements and to further detail outthe terms of reference, the Commission divided the work

into a number of Working Groups. Each Working Group was chaired by a Member and had a

full time Resource Person drawn from very competent body of experts from all over the country.

The Working Group Reports were discussed in meetings of the Commission extended over 2 to

5 days at a time. The Working Group Reports dealt with the assigned subjects comprehensively

and competently, and together, all these Reports provided the material for further detailed

deliberations in the Commission and for drafting of Chapters of the nal Report. The

Commission took a collective view on each and every issue. Each chapter was read from rst to

last page in meetings of the Commission, each session of which extended over days. I have

great pleasure in reporting that almost on every issue we were able to reach a point of

convergence. There was a lot of give and take in our views and the process greatly enriched our

knowledge and understanding of matters.

The Commission beneted from the vast amount of literature available on the subject.

The Commission also fully utilized all the large amount of work done by National Water

Development Agency. The Commission was greatly helped by experts available in the Ministry of

Water Resources, Central Water Commission, Central Ground Water Board, and other water

related institutions and organisations. In order to further enlarge the reach of our knowledge,

we co-opted more experts either as permanent invitees or as members of the Working Groups.

The Commission also organized four regional Seminars to get a feel of the thinking and

perceptions of the people from all walks of life in different parts of the country.

The Commission has, in the very rst Chapter of this Report, listed and acknowledged all

the help received from individuals and organizations. Here, I would like to personally thank the

members of the Commission for their excellent cooperation and undiminished enthusiasm till

the end.

Members were very busy people, each with many other important preoccupations, and

yet they found time to attend most of the meetings and to contribute substantially to the writing

of the nal Report.

I would particularly like to thank Shri V. Ramachandran, member of the Commission.

Shri Ramachandran agreed, on my request, to read through the entire volume of the Report
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water resource, whereas the basin occupies only three percent of the geographical area of the country.

The remaining 6f}__percent of the area has a water resource of only 553 Kma.

Thewutilisable ow from a basin can be taken as the quantum of water that can be withdrawn

from its place of natural occurrence. After considering the storages, barrages and diversions that have

been constructed, those that are under construction and the identied future projects, the estimate of

690.31 Km3 made by the CWC as utilisation from conventional schemes of water resources

development is accepted.

Ground water is an important source of water in many places. For use and development, only

annual replenishable component of ground water is considered. The total replenishable ground water is

estimated as 432 Km3. Out of this, 396 Km3 is estimated as utilisable — 71 Km3 (15 percent) for

domestic, industrial and other uses and 325 Km3 (90 percent of the balance) for irrigation. Nearly 50

percent of irrigation in the country is by ground water. Ground water also occurs in the aquifer zones

below the zone of water level uctuation, called static ground water. CGWB has recently made

preliminary estimates of static ground water available in the country. The studies have to be completed

at the earliest, especially in arid and drought prone areas.

Requirement is closely related to population, demand for food, production of non—food

agricultural and industrial items, production of energy and improvement in the quality of life and

preservation of ecology and environment.

Estimates of water requirements have been made for the years 2010, 2025 and 2050 at the

national level. Several assumptions have had to be made to arrive at the gure of total water

requirement for the country as a whole. While estimating demand by different sectors, aspects of

management and technology are given due consideration. Also, international and Indian norms and

standards have been taken into account. Requirement of food production would mainly depend upon

country's population, per capita income and changes in dietary habits. After examining latest trends

and the views expressed by different demographers, the higher and lower limits of India's population in

t@year 2050 corresponding to those estimated by Visaria and Visaria (standard) and United Nations

(l9w_variant)that__ is, 1581 million and 1346 million respectively are followed. Long term estimates for

food demand extending upto year 2050 were made through a special study based on three scenarios

of economic growth rate.

With the goal of food self-sufciency at macro level, the demand estimates were converted into

the domestic supplies, the latter being a factor of arable area and yield per hectare. Keeping in view

the past trend and incremental changes in land use, cropping pattern, irrigation conditions, suitable

assumptions were made for estimation of water requirement for irrigation. \_/lg/ater requirement for

irrigation has been estimated between 628 Km3 (Low Demand Scenario) and 807 Km3 (High Demand

Scenario) for the year 2050.

Keeping in view the existing national average of water supply and various suggested norms, we

have suggested the nal goal of providing 220 lpcd for the urban areas and 150 lpcd for the rural areas

in a phased manner. The total water requirement for domestic use for rural and urban areas is

estimated at 111 Km?’ and 90 Km3 in two population scenarios for the year 2050.
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India has long history of irrigation . Grand Anicut across Cauvery river delta built in

2nd century was amongst the earliest irrigation systems. Development of irrigation continued at a slow

pace until partition. Since Independence, the government gave highest priority to irrigation to tide

over heavy food decits and consequent imports of food grains. Countrywide programmes were taken

up which included large river valley projects and medium and minor schemes including ground water

structures. In the States ground water schemes received priority during the sixties when green

revolution occurred and it gathered momentum with increased availability of cheaper power with the

spread of rural electrication. Since partition, irrigated area in India rose from 22.60 Mha to 80.76 Mha

upto June 1997, against the ultimate target of 140 Mha, of which ground water development has

been nearly 50 percent. Such a large programme has been implemented almost entirely with

indigenous technology and equipment.

During the course of implementation of projects, many lessons were learnt and measures for

improvement and modernisation were taken. Comprehensive data and information were collected for

this Report and analysed. Several recommendations on development and management are made. On

the development side, a large number of irrigation multipurpose projects were taken up by the States

which were beyond their capacity of funding. As a result, there are inordinate delays in completion

resulting in time and cost overruns. A few projects which were receiving external assistance were

provided with relatively larger outlays. The establishment costs also mounted up. The available

resources were applied on new projects and as a result, management issues were relegated to the

background. There was disproportionately larger lag in irrigation utilisation compared to potential

created. Irrigation statistics also showed differences amongst gures collected by the Irrigation

Departments and those by the Land Use Statistics. Measures have been recommended in the Report

for reducing the lag and suggestions are given for reconciliation of differences in statistics, reported by

different agencies. The performance evaluation of minor irrigation is overdue and a modernisation

programme requires to be formulated. Tanks have to be renovated and have to be handed over to

beneciaries, who can cany fon/vard these programmes largely from funds released by the GOI under

various schemes of rural development and maintain them through their own efforts.

Various remedial measures for prevention as well as reclamation of water logged areas have

been recommended. Here also there is lack of appropriate data. The measures to prevent water

logging and drainage system are best taken during the construction phase. Suggestions have been

made to prevent and reclaim land affected by intrusion of salinity in the coastal areas and also the

problems arising out of pollution of water from industrial and municipal effluents. Much greater effort

and attention needs to be given to management aspects of irrigated agriculture both from the technical

point of view and the involvement of the users.

The command area development programme introduced in the seventies for stepping up pace

of utilisation of potential created and for improvement in various on- farm activities as well as for

providing various agricultural inputs including water to the farmers has been reviewed. An important

nding is that there is great scope for upgrading management practices and improving water use

efciency. A reform agenda is suggested which includes technological improvements, institutional

reforms and nancing of irrigation schemes including private sector participation. The technological
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improvements include rehabilitation and modernisation of existing irrigation systems including old

tanks, upgrading of maintenance programme, cautious adoption of telemetry, remote control and canal

automation for making efcient water use, and ensuring equitable distribution. It also includes

improvements in planning, designing and construction technologies. The institutional improvements
lay stress on switch-over to participatory irrigation management as early as possible and the reforming

and restructuring of the state irrigation departments. Important recommendations are made on the

composition, legal support and autonomy of Water Users’ Associations (WUAs). While dealing with

irrigation- related issues, it is recognised that water supply and drinking water has highest priority of
use and that use of water should be optimized taking into consideration the possibilities of use of water

for different purposes such as, industrial use, hydro-power, ood control, navigation etc., besides

irrigated agriculture. The environmental issues have also been kept in mind with a view to preserving

and enhancing the environment to the extent possible while going ahead with development.

Of the ood prone area of 34 Mha in the country, reasonable protection has been provided to

about 1/3rd <>F'£F;é area“/by now. Although large outlays have been spent on ood control, ood

protection and catchment protection works, it has been found that there is no complete solution to

provide total protection from oods. The strategy should aim at efcient management of oods,

ood-proofing including disaster preparedness and response planning, ood forecasting and warning

andgother nonstructural measures such as disaster relief, ood ghting including protection of public

health and introduction of flood insurance. The efcacy of providing ood cushion in the reservoir

and of ood embankments are dealt with in the Report. It is noted that ood forecasting system

administered by the CWC has been very benecial. The modernisation of ood-forecasting system

based on telemetry and satellite communication is recommended. Efcient ood routing through the

large resen/oirs is also stressed. There is considerable scope for improvement in the collection and

reporting of ood damages, which are often exaggerated. Emphasis should shift to peoples’

‘ participation in ood management. It is noted that little progress has been made on ood zoning for
rational management of oods including control of man made activities within different zones.

_ Hydro-power is one of the important uses of water and its advantages are well known. A

-1 certain proportion of hydro-power is essential in the regional power generation grid because of its

inherent advantage in providing peak energy during peak hours. However, in spite of large hydro-

power potential of nearly 84,000 MW at 60 percent load factor, the present development has been to
the tune of only 13,000 MW. There is also considerable scope for providing pumped storage schemes

with a total installed capacity of 94,000 MW. This can meet peak requirements to a very large extent
“ resulting in saving in new installation of fossil fuels and other modes of power generation. The need to

step up the pace of development of hydro-power projects is stressed in the Report.

/,_-» Navigation is instream use of water providing navigable inland water way. Inland navigation is

“r the cheapest mode of transport and should receive due priority in the regions where such movement is

possible. Inherent advantages of inland navigation are lower operational costs, fuel conservation and

better safety. Inland navigation should be encouraged by treating it as a nascent industry for some

years, until its use becomes larger and viability improves so that private investment could also be

attracted.
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Domestic Requirements

Safe water is essential for sustenance of life and is needed in the households for drinking,

cooking, washing and cleaning besides bovine and horticultural needs. The requirement is not very

large overall compared to the requirements for all uses. The question is one of water availability, cost

of development and efciency of management.

Almost hundred percent coverage in both water supply and sanitation, though recommended by

the Environment Hygiene Committee as early as in 1949, is yet to be achieved. Progress to the extent

of 90 percent for urban water supply and 50 percent for urban sanitation is reported to have been

achieved. The coverage, however, varies widely both in class—I and class-II cities. The variation in the

per capita water supply ranges from 9 — 584 lpcd in urban areas and from 5 - 70 lpcd in rural areas.

The Ninth Plan strategy is to have 100 percent coverage in sustainable water supply, ensuring

adequacy in terms of minimum per capita consumption norms. The Ninth Plan provision of Rs.39,155

crores is inadequate and the requirement will have to be met by involvement of the beneciaries and

scal interventions, as private sector investment is shy to enter the eld even in big cities, because of

very low water rates and ingrained resistance to increase in rates.

The management issues are more critical. Wide spread dissatisfaction among consumers is the

result of improperly managed water supply systems, where people are forced to resort to alternate

means or supplementary sources for collection of watq in sumps and overhead tanks at considerable

costs. It is so because 17-44 percent of total ow in distribution system is lost due to leakages in the

mains, communication and service pipes and leaking valves as brought out by NEERI while conducting

pilot studies on leaks in the distribution systems of 13 cities in India. The need for according high

priority to maintenance and leak detection and preventive measures is obvious. The utilities have to

adopt a number of conservation measures. Demand management through pricing is an aspect which

needs particular attention. Public awareness and participation especially of women has to be ensured

through a massive campaign of communication through all available media. To arrest the fall in

ground water table, measures like articial recharge and rainwater harvesting have to be encouraged.

Potable water and adequate sanitation facilities undoubtedly reduce spread of diseases such as

cholera, typhoid, infectious hepatitis, and dysentery. Chances of contamination in urban water supply

system have to be reduced by adopting a variety of measures as indicated. Institutionalising the

system of water quality monitoring and surveillance will prove a strong deterrent to over exploitation of

ground water, which is the principal source of supply in rural areas and gets contaminated from point

and non-point sources. Cheaper alternatives for human waste disposal, namely, oxidation ponds or

waste stabilisation ponds and UASB technology need to be examined and experimented upon with a

view to evolving affordable systems that can provide universal sanitation coverage in the near future.

New technologies like Duckweed-Pond Technology, utilising raw sewage for forestry and Articial Wet

Lands/ Root Zone Technology should be tried wherever possible.
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programmes, the projects undertaken by local communities, voluntary organisations and activists were

more relevant to each location, had much greater people's involvement and were flexible and

innovative. They have also shown keenness to evolve cost-effective techniques and to use local

traditional knowledge. They had also several important lessons.

A major reformulation of priorities and programmes and restructuring of institutions and

operational means are vital for integrated local watershed development. While every effort should be

made to complete the ongoing major projects within a reasonable time-frame, and drinking water

needs have to be dealt with urgently, due importance should be given to local water planning, with the

ultimate aim of making each rural area manage its own water needs as far as possible, through water-

harvesting and conservation measures. The thrust should be towards bringing about a vast number of

local initiatives.

The integration of rural area programmes into a single umbrella programme, the inclusion of

integrated watershed development as an integral component of it and the details thereof are presented

in the Report. The entire treatable area in the country could be brought under integrated watershed

development in about 15 years.

Future direction of efforts will involve radical changes in approaches and attitudes and in

methods of funding and implementation. It would not, therefore, be easy to get it accepted.

However, such changes are vital both for the success of democratic decentralisation under

implementation since the constitutional amendments of 1992 and for all rural area development

programmes including integrated watershed development.

Interbasin Transfers

In view of large disparities in the availability of water in different river basins, inter basin

transfer of water has been receiving attention. However, it will not be possible to persuade States to

spare water till their own demands are met to the maximum possible extent. In basins with possible

surpluses, optimal utilisation of land and water has rst to be aimed at, subject to the condition that

proposals for utilisation are not based on impractical engineering, for example, storage requirements

for which reservoir sites are not available or involve very high lifts.

After meeting all the essential requirements, if there is surplus water available in the basin, its

transfer to other basins may be considered. For decit basins, the aim would be to meet domestic and

industrial demand in full, but to achieve a lower cropping and irrigation intensity than in case of well

endowed or surplus basins. The overall approach is that economic development of no part of the

country should be constrained by shortage of water, at the same time the pattern of development

could be different in States having adequate water and those to which water may have to be

transferred at high cost.

The National Perspective brought out by the Ministry of Water Resources has two main

components, (a) Himalayan Rivers Development and (b) Peninsular Rivers Development. The

Himalayan Rivers Development envisages construction of storage reservoirs on the main Ganga and

the Brahmaputra and their principal tributaries in India and Nepal along with interlinking canals to
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Maintenance has been sadly neglectged and systems are deteriorating. The application of nancial

resources has not been optimal, with a view to getting early benets and there is little regard in the

entire system for prudential norms and accountability. Despite repeated statements in the plan

documents and in other writings and reports, the situation has deteriorated over the years. Unless

urgent remedial action is taken to reverse the trend, the economy and the people will have to pay a

dear price. The whole question is examined in the report on the basis of this assessment.

While public outlays have to be enhanced and better applied on the basis of prioritisation, it is

necessary to augment the available resources through institutional nance, water equity or bonds,

private sector participation, commercial exploitation of land and peoples’ contribution and participation.

At present, private sector participation will be practicable mainly in projects for industrial use and urban

water supply. For eld level works in major projects, minor irrigation works, repairs and renovation of

tanks and watershed development, in addition to integrated uses of funds available under Rural Area

Programmes, community's contribution through its involvement and participation could be signicant.

A number of measures are suggested for immediate adoption to instil a measure of nancial

discipline in the system. These include project—wise funding, proper preparation of cost estimates

including possible escalation, timely revision of such estimates, clear denition of commencement and

completion of projects, insistence on preparation of completion reports and limitation on the change of

scope of a project and on establishment costs. It is suggested that CWC should concentrate on major

projects, leaving the States to handle all medium projects, subject to certain prescribed procedures in

the case of medium projects having interstate implications.

Water used for irrigation is an economic good and its logical pricing is a key to improving water

allocation and encouraging conservation. The present rates need substantial revision. After

consideration of all previous reports, detailed recommendations are made. The water rates should

cover the entire annual O&M cost plus one percent of the gross value of the produce in respect of

cereal crops and a higher percentage in respect of others. The objective should be to move towards

volumetric measurement through stages. While the general principles should thus be laid down, details

should be left to be worked out in each state by an independent, statutory water pricing authority.

Legal Issues

There are a number of complex legal issues when matters regarding integrated development of

inter—state rivers, allocation of river waters, interbasin transfers, utilisation of ground water, water

rights and people's participation are considered. There is a suggestion that since water is a national

resource and asset and a national perspective is needed for equitable development, “Water", which is

now a state subject, should be included in the Union or concurrent list. It is not practicable to think of

this suggestion.

What is needed is that the Union should fully exploit its powers regarding interstate rivers in the

Constitution and pass laws to more effectively deal with interstate rivers.

Parliament enacted the River Boards Act, 1956, under Entry 56 of List I, to promote integrated

and optimum development of waters of interstate rivers and river valleys. The Act provides only for
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rights in ground water result in excessive withdrawals in many areas. A participatory process in the
ground water management is recommended in which the role of the State could be that of a facilitator
and empowerer and the prescribing regulator and the role of the community organisation as an
implementing regulatory agency of the scarce resource.

There are a few acts like the Water (Prevention and Control of Pollution) Act, The Environment
Protection Act 1986, and rules such as The Hazardous Wastes (Management and Handling) in force for
protecting the environment and to safeguard against the disposal of toxic and hazardous wastes. Yet,
there is a large scale pollution in many stretches of various rivers. Basin states should accept the
specic responsibilities for protection and control of pollution of inter-state rivers. For this purpose,
more specic laws, appropriate institutional mechanisms and inter-state agreements on the lines of
international agreements/conventions signed by the European countries for protecting the
transboundary waters are necessary.

A survey of the relevant legal provisions shows that the major irrigation acts, do not provide for
farmers’ participation in irrigation management. Community involvement and participatory manage-
ment implies arrangement wherein farmers can function as coequals in a paiticipatory-cum-
consultative mode. ' For this to happen, a number of changes will have to be made in irrigation statutes
and the rules framed under them and the more important changes to be made are indicated in the
Report.

Many basic issues have arisen in the context of development and management of water
resources. There is no legal backing for many of these vital concerns. Some new laws and changes in

the existing laws have been suggested, but a comprehensive view has also to be taken and it is

recommended that a National Water Code be prepared with the assistance of the Law Commission.

Institutional Aspects

Water has diverse uses and as such, cannot be dealt under the Ministry of Water Resources
alone. What is essential is coordination. For this purpose, the Ministry and its attached office (CWC)

should have multidisciplinary capacity and function in an interdisciplinary way. _TheCentral Water
Commission should be restructured into a high-powered statutory interdisciplinary Commission, with
maximum autonomy. The Central Ground Water Board will also be an organization linked to the
restructured CWC.

The suggestion for River Basin Authorities or Bodies has not been accepted by the States,
mainly because they were conceived as nominated bodies. For acceptance and ultimate effectiveness,
RBOs should be representative organisations in which the concerned State Governments, Local

Governments and Water Users would have representation and which would provide a forum for mutual
discussions and agreements. It shall be the function of RBO to collect data, disseminate them in local

languages, formulate integrative plans and consider the proposals from constituent States on various
issues, including project proposals in the basin and monitor implementation of large projects. An

illufjtillve model of an RBO and its Standing Committee is suggested in the report. Other models are

possible but, what is important is the representative character.
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The system would help to determine the order of priority. The project on top of the list

should receive full funding as required for its completion, constrained only by the organisation's

capacity to spend the money efciently and effectively. Only after meeting all requirements of a higher

priority project, the requirement of the low priority project would be considered.

The desirable attributes of projects receiving priority will have total of 100 marks. Method of

giving marks of each attribute for a project has been devised. A detailed illustrative exercise, through a

computer based Excel Programme developed by the Working Group, was made for major ongoing

projects in the States of Maharashtra and Madhya Pradesh. The total of 100 marks are divided

amongst accepted attributes. Attributes considered are; residual benets, residual costs, environmental

and RR action plans, inter-state aspects, plan and design network, geological investigation network,

infrastructure for quality control, timely submission of revised estimates, multiplicity of purpose etc.,

and attributes of local importance.

Priortised major and multi purpose projects should be phased fulther by sub-dividing into

identifiable sub‘-systems, namely, dam and appurtenants and for distribution network the sub-system

starting from head reaches to tail reaches, each covering about 10,000 Ha. Phased sub-systems should

be supported correspondingly with specic outlays for better monitoring and nancial discipline. It is

recommended that the Planning Commission and the Ministry of Water Resources should require each

State to prioritise major projects on the basis of guidelines and system of marks for desired attributes

and plan funds be released to projects only on that basis.

International Dimensions

The largest part of India's water resources is contributed by transboundary rivers which rise

from, or flow into or through six of its neighbours viz. Nepal, Bhutan, Tibet/China, Myanmar,

Bangladesh and Pakistan. Taking cognizance of this geo-political reality, it is obvious that no

meaningful or optimal national water resource planning is possible in relation to these rivers without

bilateral or regional cooperation.

The problems and types of issues that usually arise in working out such cooperation as well as

those that have recently emerged or are emerging as a result of global concern for environment, bio-

diversity, emission, resettlement and rehabilitation of displaced persons are indicated, as also the

possible effects on such cooperation of private investments, especially by multi-national corporations.

The Ganga Treaty with Bangladesh and the Mahakali Treaty with Nepal use expressions such

as no harm, equal entitlement, good neighbourliness, optimum utilisation, integrated development,

mutual benet and so on, all of which have cross-border implications.

International water law is still evolving in areas other than navigational law which is relatively

better established. However, non-binding rules and principles carefully evolved over the years, such as

the Helsinki Rules have provided useful guidance. So also national and inter-country agreements and

court and tribunal decisions. On the recommendation of the International Law Commission regarding

the draft of a Convention on Non-Navigational Uses of International Water Courses, the UN General

Assembly has adopted the Convention in May, 1997. India abstained from signing the Convention, due
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of water resources should be based on the perception of water as an integrated part of the eco-system and as a natural resource whose quantity and quality determine the nature of its utilisation.

In order to assess the likely changes in the environmental conditions due to taking up of theprojects, it is now necessary to carry out environmental impact study and submission of EIA statementand EMP is mandatory without which any project cannot be cleared for investment. EIA is a formalprocess to predict environmental consequences of a development activity and to plan appropriatemeasures to eliminate or remove adverse effects and to augment positive effects. The environmentalconcerns have to be internalised in a project and should not be treated as an imposition from outside.

The planning of a project has to include formulation of detailed measures to mitigate orcompensate for the adverse effects of the project. Catchment treatment programmes for arresting thedeterioration of catchment areas and restoring ecological balance and resettlement and rehabilitation(R&R) of displaced people need to be planned exploring all alternatives. R&R is one of the mostsensitive and complex issues that arise in large water projects. Several drafts of an R&R Plan havebeen under consideration in the Government of India. After a review of the guidelines so far issued,the core elements of an R&R Plan are suggested in the Report.

Deteriorating water quality has become a serious problem. Water quality is basicallydetermined by the bacterial and physico-chemical parameters. Safe water supplies and environmentalsanitation are vital for protecting the environment, improving health and alleviating poverty. WaterQuality criteria have been developed for various categories of benecial uses. The relevant parametersare colour, odour, oatable material, pH, phenols and hydro carbons. Based on water quality data, 13heavily and 26 medium polluted rivers and 26 medium polluted rivers’ stretches have been identied inthe country. A bio-map based on bio-assessment depicts the stretches where the deterioration of waterquality has occurred and for which action for improvement is required.

Monitoring the water quality of rivers and other water bodies is most essential in restoringwater quality. CPCB has a nationwide responsibility of water quality monitoring and management ofrivers. Ground water quality is being monitored by CGWB. CWC is also involved in water qualitymonitoring. There is need for a mechanism to coordinate the work of these agencies.

A number of programmes have been initiated to restore water quality and sustain rivers, lakesand wetlands. The river cleaning programme was started with the launching of the Ganga Action Plan(GAP) Phase—I in June, 1985. It was followed by GAP Phase — II and National River Conservation Plan(NRCP) covering all major rivers of the country. The measures to be taken for more effective ~implementation are recommended, based on the experience with GAP Phase—I.

Lakes also constitute an important component of fresh water systems. Due to pressure ofhuman activities, a number of lakes are shrinking or are getting polluted beyond recovery. Theobjective of National Lake Conservation Programme is to arrest further degradation of lakes and torevive the water body to acceptable environmental standards so that water can be utilised for differentpurposes. Wetlands are natural lters but these are faced with the problems of weed infestation,siltation, pollution and anthropogenic activities. Wetlands have to be regenerated by the reorientation

,
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CGWB — Central Ground Water Board

CIDA — Canadian International Development Agency

CII — Confederation of Indian Industries

CI\/VTC - Central Inland Water Transport Corporation

CMC - Citizen Monitoring Committee

CMERI - Central Mechanical Engineering Research Institute

COD - Chemical Oxygen Demand

CPCB — Central Pollution Control Board

CPHEEO - Central Public Health and Environmental

Engineering Organisation

CPM - Critical Path Method

CRSP - Central Rural Sanitation Programme

CSD - Commission on Sustainable Development

CSMCRI — Central Salt and Marine Chemical Research Institute

CSSRI - Central Soil Salinity Research Institute

CSSRVP - Centrally Sponsored Schemes of Soil Conservation in

the Catchments of River Valley Projects

Cumec - Cubic metre per second

Cusec - Cubic feet per second

CWC - Central Water Commission

CWDP - Comprehensive Watershed Development Project

CW&PC - Central Water & Power Commission

CWPRS - Central Water and Power Research Station

D

DANIDA - Danish Development Assistance

DDP - Desert Development Programme

Delta - Depth of Irrigation Measured at Canal Head

DISNET — Distribution Network

- Dissolved Oxygen

DPA - Drought Prone Area

DPAP - Drought Prone Area Programme

DPC - District Planning Committee

DPR - Detailed Project Report

DRDA - District Rural Development Agency

DRPC - Cooperation for the Protection and Sustainable

Use of the River Danube

ds/m - Decisiemen per metre

- Downstream

DVC - Damodar Valley Corporation

5 DW — Dug Well

1-n-—-QE

xix



XX

geunqpisalndsgq1912/v\ue/\epo5)-LGME)

.1812/\/\puno49-ME)

‘‘P11s|epLuauj)pues1azg|p.1a:|a1e151e1e[n5)-IHS9

1eeuvuM05sswg-3-VS!-D

e!pu1,1o1uau1uJa/\o9-‘109

1e1e[n5)401uau1u4a/\o9-901-)

JSDJQ1uau1u1a/\o9-09

luaumgnbagiuo11e6u41ssmg)-515)

eeuvpe1e6g1.|1sso.|5)-V19

‘um;pas!ue/\|e9-IE)

1uogssgwwog|o11uo3poo|:|eueg-33:15)

\u1a1sA5uuolguow|21lJ9LUUO.l!/\UQ|eqo|9-5|/GE)

IJI'\pO.ldaglsawoqsso19-dClE)

\eaxvpadd013ss015)/EBJVpuewwogsso19-V39

sagpnlg.1912/\/\EJ1l'\dELUL{I-ZJQ-e6ue9-SM99

euqaw-2.l1dElJJl.{EJQ-e6ue5)-W99

ue|duo!1:>veueg-d\"/E)

9

|a/\a1A|ddn5||n:|-155

uop,es!ue6.|(),sJau.ue:|-0:!

@!PUI

40azuawwog40JBQLUELDpue/u1snpu1;0uo!1e1apa:|-D315

uop,esgue61Qam1|n:>g16vpuep003-0\-/=1

=1

~do43a:>ua1a;a3

;ou0p,e1gdsue11ode/\3/uop,e1!dsue11ode/\3|e!1ua1od-013

dog).l2|I)!1JEd;0UO!12.l!dSU2.lJ,OC|EA§]-313

uog1e1!dsue11ode/\3-13

u0!1esguJapo|,qpueuone/\oua\¢|‘uogsuenxg-W83

ue|dluawaeuew1ua\uuo1g/\u3-dl/\lEl

1uau.|ssassvDECILUI1e1uaLuuo1g/\u3'VIE!

awauagBBJUEJEHE)1uau1Ao|du.:;|-553

A1!un|.uu.|o;)agwouoogueadomg-333

s!sA|e!Q011335-(13

adomg40uogssgwwogaqwouoag-333

awauaga:>ue1nssv1,uau.|Ao|du.13-5V3

P9P!VM|@U191X3-V3

3

W,_,_,,,,,__,§€



’ I

H

ha - Hectare

l l

ha m/sq km/year - Hectare Metre per Square Kilometre per Year

HFL - High Flood Level

HOPP - Haryana Operational Pilot Project

hr - Hour

HRD - Human Resources Development

HUDCO - Housing & Urban Development Corporation

I
ICAR - Indian Council of Agricultural Research

ICICI — Industrial Credit and Investment Corporation

of India

ICID - International Commission on Irrigation and

Drainage

ICMR - Indian Council of Medical Research

ICPDR - International Commission for the Protection

of the Danube River

ICPR - International Commission for the Protection

the Rhine

IDBI - Industrial Development Bank of India

IFPRI - International Food Policy Research Institute

\

of

IGCCC - Inter — Governmental Conference on Climate

Change

IGNP - Indira Gandhi Nahar Project

ILC - International Law Commission

IL & FS - Infrastructure Leasing and Financial Services

MT - Irrigation Management Transfer

INTACH - Indian National Trust for Art and Cultural Heritage

IPPs - Independent Power Producers

IRAP - Integrated Rural Area Programme

IRDP - Integrated Rural Development Programme

IRR - Internal Rate of Return

IS — Inter-State / Indian Standard

ISI - Indian Standards Institution

ISPWD - Indo — Swiss Participative Watershed Development

Project

ISWD - Inter-State Water Disputes

IWAI - Inland Waten/vays Authority of India
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Mcum or MCM or - Million Cubic Metres

Mm3

m3/d
- Cubic Metre per Day

MDPE
- Medium Density Polyethelene

MEA
- Ministry of External Affairs

MED
— Multi Effect Distillation

mg
- Milligram

MGD
- Million Gallons per Day

mg/l
- Milligram per Litre

Mha
— Million Hectares

Mha m
- Million Hectare Metres

Min.
- Minimum

MINARS
- Monitoring of Indian National Aquatic Resources

System

MINAS
— Minimal National Standards

MLD
— Million Litres per Day

mm
- Millimetre

MNES
- Ministry of Non — Conventional Energy Sources

MOA
- Ministry of Agriculture

MOD
- Ministry of Defence

MOEF
- Ministry of Environment & Forests

MOP
- Ministry of Planning & Programme Implementation

MOU
- Memorandum of Understanding

MOUAE
- Ministry of Urban Affairs and Employment

MOWH
- Ministry of Works and Housing

MOWR
— Ministry of Water Resources

MPN
- Most Probable Number

MRAE
— Ministry of Rural Areas and Employment

MRL
- Madras Reneries Limited

MSEB
- Maharashtra State Electricity Board

m3/sec
- Cubic Metre per Second

MSF
- Multistage Flash Distillation

MW
- Mega Watt

N

N
- Nitrogen

NA
- Not Available

NABARD
- National Bank for Agricultural and Rural

Development

NC
— Non Covered

NCA ‘ - Net Cropped Area
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IODA - Overseas Development Assistance

OECF - Overseas Economic Cooperative Fund (Japan)

OFD - On Farm Development

O & M - Operation and Maintenance

ONGC — Oil and Natural Gas Commission

P

P - Phosphorous

PAC - Public Accounts Committee

PAPs - Project Affected Persons

PAWDI - Peoples Action for Watershed Development Initiative

PCY - Per Caplta Income Growth per Year

PERT — Planning Evaluation and Review Technique

PFC - Power Finance Corporation

PFR — Pre Feasibility Report

PIM - /Participatory Irrigation Management

PL - Physical Losses

PMA - Phenyl Mercuric Acetate

POM - Plan of Operation and Maintenance

+ve - Positive

PPM - Paits per Million

PR1 - Panchayat Raj Institute

PS — Pumped Storage

PSEB - Punjab State Electricity Board

PTW - Public Tube Well

PV - Problem Villages

R

RAJAD — Rajasthan Agricultural and Drainage Project

RBA - Rashtriya Barh Ayog

RBO - River Basin Organisation

R&D — Research & Development

RGI - Registrar General of India

RGNDWM - Rajiv Gandhi National Drinking Water Mission

RIDF - Rural Infrastructure Development Fund

RITES - Rail India Technical & Economic Services Ltd.

RKMLP - Ram Krishna Mission Lokasiksha Parishad

RLEGP - Rural Landless Employment Guarantee

Programme
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UNCED - United Nations Conference on Environment and

Development

UNDP — United Nations Development Programme

UNEP - United Nations Environment Programme

UNICEF - United Nations Childrens’ Fund

U/S — Upstream

USA - United State of America

USBR — United State Bureau of Reclamation

UT - Union Territory

V

VO - Voluntary Organization

VSAC - Village Service Area Committee

W

WAPCOS - Water & Power Consultanql Services (India) Ltd

WARPO — Water Resources Planning Organisation,

Bangladesh

WATSAN - Water and Sanitation

WDPSCA - Watershed Development Project for Control

of Shifting Cultivation Areas

WG - Working Group

WHO - World Health Organisation

WMO - World Metereological Organisation

WQM — Water Quality Monitoring

WRCP - Water Resources Consolidation Project

WSP - Waste Stabilization Pond

WUA - Water Users’ Association

WUE - Water Use Efciency
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DISCHARGE

VELOCITY

WEIGHT

ENERGY

POWER

1 Cubic Metre per second = 35.315 Cubic Feet per second
(m3/sec) (ft3/sec)

= 1000 litres/sec
1 ft3/sec = 0.0283 m3/sec
1 ft3/sec per day = 1.984 Acre ft per day
1 Million Gallons per day = 1.858 ft3/sec

1 Metre per second (m/sec) = 3.281 Feet per second (ft / sec)
1 ft/ sec = 0.3048 m/sec
1 Kilometre per hour (km/hr) = 0.621 Mile per hour (mph)
1 mph = 1.61 km / hr

1 Gram (g) = 1000 Milligrams (mg)
l

1 Kilogram (kg) = 1000 g
= 2.205 Pounds (lb)

1 lb = 0.454 kg
1 Tonne (t) = 0.9842 Tons

= 1000 kg
1 Ton = 1.016 tonne

= 1016 kg
= 2240 lb

1 Kilowatt hour (kWh) = 1.341 Horse Power hour (hph)
= 3.6 X 10° Joules (J)
= 859.85 kilocalories (kcal)

1 J = 2.778 X 10” kWh
1 kcal = 1000 calories

= 0.001163 kWh
(

= 4186.8 J
g

1 hph = 0.746 kWh
j

= 2544.43 British Thermal Units(Btu)
‘

1 Btu = 1055.06 J
1 Gegawatt hour (GWh) = 105 kWh

= 103 Megawatt hour (MWh)

1 Horse Power (hp) = 0.746 kW
= 550 ftlb/sec

1 Kilowatt (kW) = 1000 Watts (W)
1 Mega Watt (MW) = 1000 kW
1 Gega Watt (GW) = 1000 MW

xxix
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3. Prof. V.S. Vyas, Former Director, Member
Institute of Development Studies,Jaipur

4. Dr. D.N. Tewari,Member,P|anning Commission, . Member
Govt. of India I

5. Shri S. Prakash,Former Engineer-in-Chief, .. Member
Delhi Water Supply & Sewage Disposal Undertaking

6. Dr. C.C. Patel,Former Secretary . Member
to Government of India for Water Resources

7. Dr. Bharat Singh,Former Vice-Chancellor, Member
University of Roorkee

8. Shri S.P. Caprihan, Former Engineer-in-Chief, Member
Government of Madhya Pradesh

9. Shri Ramaswamy R. Iyer,Former Secretary .. .. Member
to the Govt. of India for Water Resources
and Research Professor, Centre for Policy Research,New Delhi.

i

10. Shri B.G. Verghese,Eminent Columnist .. .. Member
and Research Professor, Centre for Policy Research,New Delhi

11. Shri P.Mohandas,Additional Secretary, Member
Ministry of Water Resources,Govt. of India.

12. Shri A.D.Mohile,Chairman, Member
Central Water Commission

13. Dr. D.K.Chadha,Chairman, Member
Central Ground Water Board

14. Shri R.K.Parashar,Director General, Member-Secretary
National Water Development Agency

Shri Z. Hasan, Secretary, Ministry of Water Resources, Dr. C.D.Thatte, former Secretary,
Ministry of Water Resources and Shri B.N. Navalawala, Advisor, Planning Commission are permanent
invitees.

The National Water Development Agency was entrusted with the task of providing secretarial
assistance to the Commission. During the term of the Commission, Shri A.D.Mohile, Shri Z.Hasan,
Dr.B.K. Mittal and Shri R.K.Parashar were Director General, National Water Development Agency for
different periods and served as Member-Secretary to the Commission.
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Sl.No. Name of Working Group Chairman

3 Water management for agriculture, Dr. C.C. Patel
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hydropower, flood control and
other allied sectors
Water management for domestic, Shri S. Prakash

industrial and other uses '

Legal, institutional and nancing aspects Shri V. Ramachandran
Environmental aspects Dr.D.N. Tewari
Interbasin transfer of water Dr. Bharat Singh

Prioritisation of ongoing and new Shri S.P. Caprihan
projects together with phasing (upto 23-10-1998)

& Shri A.D. Mohile

International dimensions of water planning Shri B.G. Verghese

The composition and the terms of reference of each of the Working Groups are furnished in

Annexures-1.2 and 1.3 respectively. While setting up the various Working Groups, adequate care was

taken to ensure that knowledgeable and experienced persons were drawn from various disciplines,

namely engineering, sciences, economics, sociology, environment and other interests in order to obtain

views and advice from a variety of sources. It was envisaged to avail of the sen/ices of a full time

consultant for each Working Group, who acted as “ Resource Person “ for the Group and assisted the

the

Chairman of Working Group. To deal with the wide range of terms of reference of the Working Group

on “ Water Management for Agriculture, Hydropower, Flood Control and Other Allied Sectors “, eight

Sub-Groups were formed for this Working Group to collect data, information, maps and prepare reports

on various terms of reference which are grouped together on the basis of similarity in contents. The

composition of the Sub-Groups is given in Annexure-1.4. In order to obtain specic expertise

concerning certain issues, ve consultants were also engaged for short periods. The list of ofcers of

Secretariat of the National Commission is given in Annexure -1.5.

In all, 76 meetings were held by the various Working Groups and 13 meetings by the various

Sub-Groups. The Groups worked diligently for over two years and each of them has prepared a

detailed Report on its theme with elaborate data and a number of Tables and annexures. The Working

Groups’ reports, at different stages of preparation, formed the basis for the Commission's deliberations

| in its sittings.

1.6 Consultation with Policy Makers, Officials, Public Leaders and
Professionals

The process of consultation with all concerned, including State Governments, continued

throughout the work of the Commission and a constant feed back of views and advice was obtained.

This was achieved

O

O

I

I

through correspondence with a large number of eminent persons before deciding upon the detailed

terms of reference and composition of the Working Groups;

by circulating a questionnaire to State Governments/ Union Territories /Experts/ Academic

Institutions etc. to solicit their views on various aspects of water resources development;

by carefully choosing the members of the Working Groups to cover a wide range of expertise,

experience and interests;
by informal consultations by the members of the Working Groups with others including serving and

retired ofcials;
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India. Shri Harsh Kumar, Minister of State for Irrigation, Government of Haryana was the Guest of

Honour. Two Members of Parliament from Jammu & Kashmir State were also present during the

inaugural function. Senior ofcers from the Governments of Haryana, Punjab, Himachal Pradesh,

Jammu & Kashmir, Uttar Pradesh and Union Territories of Delhi & Chandigarh, eminent water resource

experts, distinguished economists, sociologists, NGOs and a Supreme Court Lawyer actively

participated in the Seminar. Representatives of Central Ministries/ Government Departments connected

with water sector also participated in the Seminar.

In all, 414 persons connected with and having interest in the subject participated in the four

Seminars. All the Seminars were highly successful in fullling the objective of providing inputs to the

Commission from concerned persons in different elds invited from all parts of the country. A number

of important criticisms and suggestions were made during the deliberations in the Seminars which

included improving water availability and supplies, demands of water, water planning and

management, institutional and legal aspects, ground water abstraction, water pricing, domestic water

supply, industrial water use, navigation, Interbasin/intrabasin transfer, ood management,

environmental problems, policy issues, international issues and other relevant issues affecting the

water sector as a whole.

1.8 Report

As stated earlier, a major part of the work was done through Working Groups headed by the

members. The full Commission met in 21 sessions spread over 41 days. At two of its meetings, the

Commission had the benet of discussion with Shri Sompal, Minister of State for Agriculture and Water

Resources and Prof.Y.K. Alagh, then Minister of State for Planning and Science and Technology.

Though, as stated earlier, the data collected by the Working Groups, the discussions in their meetings

and the draft reports formed the basic material for the Commission's deliberations, the conclusions and

recommendations presented in this Repont are those of the full Commission and are not necessarily the

same as those of the Working Groups.

We have presented in our Report a framework of action plan for policy formulation, legal and

institutional set up, nancial planning and prioritisation of projects for integrated development and

augmentation of utilisable water resources, taking care of the human, social, regional and

environmental concerns. We believe strongly that we would be able to move in the direction of that

objective to the extent that the suggested action plan is implemented during the next three to ve

, years. We have not prepared a Plan in the sense of a suggested outlay over a period of time on a list

of projects, as it would be unrealistic to do so at this stage.

The Report of the National Commission is presented in two volumes. Volume-I contains the

main report grouped into fteen chapters and Volume-II contains the maps.

The fteen chapters of Volume I are:

:I>~L.U|\)l-*@\lO\U'|

Introduction
Water: An Overview — Issues and concerns

Water Availability and Requirements
Development and Management Issues: Irrigation, Flood Control,

Hydropower and Navigation
Development and Management Issues: Domestic, Industrial and Other Uses

Local Water Resources Development and Management

Interbasin Transfers
Legal and Institutional Framework

l
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Ahmedabad; Indian Institute of Management, Calcutta; Institute for Social & Economic Change,
Bangalore and Central Soil & Materials Research Station, New Delhi.

The Commission is thankful to everyone of the participants in the Regional Seminars and to all

those who took pains to send their views in writing.

The successive Director Generals of NWDA and the ofcers and staff of the Commission's

Secretariat deserve a special mention for the readiness, cheerfulness and dedication with which they
attended to every demand of the Commission and its Working Groups and provided the secretarial

assistance in addition to their regular duties.
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This supply of water should be juxtaposed against the ever increasing world population,
currently estimated to be around six billion, and likely to rise to over eight billion by the year 2050. All

the waters flowing in the rivers are not available for benecial use. Moreover, there are extreme
variations in the availability of water over space and time, and they do not necessarily match the
variations in human needs. This further restricts the availability of water for benecial uses.

At the end of the twentieth century, the world faces a number of challenges affecting the

availability, accessibility, use and sustainability of its fresh water resources. These could have serious

implications for present and future generations of humanity as also for natural ecosystems.

2.2 The Global Scene

The use of water in the world has increased by more than 35 times over the past three

centuries. Globally 3,240 Km3 of fresh water are withdrawn and used annually. Of this total, 69

percent is used for agriculture, 23 percent for industry and eight percent for domestic use. Water use

varies considerably around the world. In Africa, Asia and South America, agriculture is the primary

user. Asia uses 86 percent of its water for agriculture, mainly through irrigation, but in most of Europe

and North America, domestic and industrial requirements of water exceed agricultural needs.

Even though fresh water is a renewable resource, it is also a nite resource. This means that

the supply per head, a broad indicator of water availability, drops as the population grows. It is clear

that water is going to become one of the most sought-after resources in the next century. For obvious

reasons, the population pressure will be greater in the developing world than in the advanced nations.

Besides, the pace of industrialization and urbanization is adding another dimension to the scarcity.

Clear and wholesome water is a scarce resource, essential for life but so often taken for

granted. Managing the water cycle for the benet of mankind and the environment is one of today's

greatest challenges. One of the clear signals of water scarcity is the increasing number of countries in

which the population has surpassed the level that can be sustained comfortably by the available water.

In 1989 expert studies (Falkenmark et al., 1989) ranked countries according to per capita annual water

resources (AWR) in each country. They classied countries with an AWR per capita of 1,700 m3 and

above as those where the shortage will be local and rare; those with an AWR of less than 1,000 m3

(which hampers wellbeing, economic development and the protection of natural systems) as water-

stressed countries; and those with an AWR of 500 m3 and below as countries where water availability is

a primary constraint to life. Only seven countries faced water-stressed conditions in 1955. The number

rose to 20 in 1990 and 10-15 more countries will be added to the list by the year 2025. Two-thirds of

the world's population might face the water-stressed condition by 2050.

At present global per capita availability of both, surface and ground water is about 7,000 m3 per

year. However, much of this quantum is available during short spells of rainy seasons due to variability

of precipitation in space and time. The AWR, therefore, cannot be put to benecial use unless held

back from flowing waste to the seas. In countries with tropical monsoon type climate, as run of the

river in fair weather is low, storages become critical in raising availability all through the year.

Unfortunately, water availability has not received the attention it deserves in global discussions

of the sustainable use of natural resources. It has been examined even less in the context of

population growth. More than three-fourths of the surface of the planet being covered by water, the

illusion of abundance has clouded the reality that renewable fresh water is an increasingly scarce

resource. Our capacity for capturing and storing fresh water has expanded throughout history and we

are learning how to use it more efciently. However, no technology can signicantly expand the basic
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All India average rainfall is 1,170 mm, but it varies respectively from 100 to 11,000 mm in
Western deserts to North Eastern region. More than 50 percent of precipitation takes place in about 15
days and less than 100 hours altogether in a year. The rainy days may be only about ve in deserts to
150 in the North East.

Considering the rainfall, water availability and agro-economic conditions, the Planning
Commission (Approach Paper to the Ninth Plan), while emphasising the need for regionally
differentiated strategy of agricultural development, suggested the following classication of regions in

the countw:

0 High Productivity Region: Relatively high productivity areas having either well developed
irrigation system with moderate rainfall (north-western region of Punjab, Haryana and
Western U.P) or very high assured rainfall(the coastal plains).

o Water Abundant Low Productivity Region: Relatively high rainfall areas with abundant
surface and ground water availability, but relatively low irrigation development and low
productivity in agriculture ( Middle and Lower Gangetic plains, Eastern M.P and North-
Eastern Region).

~ Water Scarce Low Productivity Region: Low surface and ground water availability, and

moderate agricultural productivity (The Peninsular India and Eastern Rajasthan and

Gujarat). V

- Ecologically Fragile Regions: The Himalayan slopes and desert areas of Rajasthan.

Surface Water

The average annual precipitation in India including snowfall has been estimated as 4,000 km3.

We have estimated the total annual water resources of the country (including both surface water and

ground water) as 1,953 km3. Some of this originates beyond our borders, and in turn some of it
crosses our borders on its way to the sea and goes into downstream countries.

India, which has 2.45 percent of the world's land resources, has roughly four percent of the

l
i
l

world's fresh water resources, whereas the country's population is 16 percent of the world's population.)

The average annual rainfall Isohytes are given in Fig 2.1. However, 12 percent of the country
receives an average rainfall of less than 610 mm annually and only eight percent receives more than

2,500 mm. Cherrapunji in the eastern part of Meghalaya receives 11,000 mm of rainfall while western

Rajasthan receives only 100 mm. The variability of the rainfall from month to month and year to year

for the same place is also very high, and increases in reverse relation to the total rainfall. Even low

rainfall areas, especially in some parts of Gujarat and Rajasthan, are prone to occasional high-intensity

storms.

More than 90 percent of the annual runoff in peninsular rivers and more than 80 percent of the

annual runoff in Himalayan rivers occur during months of June to September. The Ganga-

Brahmaputra- Meghna system is a major contributor to India's water resources representing more than

60 percent of the ‘total. Many of the small _rivers totally dry up during the summer. The depletion of
forests has further aggravated the problem. Reduced inltration results in smaller dry weather ows.

Heavy silt concentration has resulted in deposition of silt in the ood plains since the shrinking river

channels cannot transport excessive silt loads. This again reduces the valley storage which used to

12
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availability is subject to rainfall during the year.

groundwater availability, which is attached as Fig. 2.2 .

Total Availability

3

unless remedial measures are taken in time.

2.4 Issues and Concerns

15

As we try to foresee and plan for the future, it is clear that we need to grapple with

several critical issues which are likely to shape our future. Finite availability of water in the face of i

increasing demand will prompt us to explore all possibilities of bridging the gap between the potential

availability and the actual supply. We also realize that even in the optimistic scenario, the task of

balancing the availability and the requirement of water will raise major issues of equity and efciency.

Distribution of the available supply between different regions of the country and within the regions

between rural and urban areas, or between different sections of population raises questions of

prioritisation among various uses as much as the access to water, in quantitative and qualitative terms,

at different locations and for different groups of people.

Similarly, we will have to grapple with the issues of efciency to minimise losses and obtain better

results. These issues, in turn, hinge on the strength and exibility of our legal and institutional

mechanisms. They will be profoundly influenced by the economic and technological choices that we make.

Above all, these issues would be confronted more satisfactorily to the extent that we are able to evolve a

national consensus on the role of different levels of government, institution of civil society and the market.

In the subsequent chapters, we shall be discussing in greater detail the emerging issues in the water

sector in the coming decades. In this section, we briey point to the critical areas for integrated

development of water resources and present an overview of the subsequent, more detailed, discussion.

There are veiy large aquifers especially in the Ganga and Brahmaputra basins, which have not -

been exploited fully upto their recharge potential. However, the feasibility and economics of fuller 3

utilization of groundwater in these reaches requires further studies including that of the environmental l

impact of lowering groundwater levels. There are very large tracts in the peninsular region which are

covered with hard rock at shallow depths. These areas have limited potential for groundwater and the

The quantum of dynamic groundwater which can be annually extracted economically is

generally reckoned as the ‘groundwater potential’ of the country The total groundwater potential is

assessed as 432 km3. The Central Ground Water Board (CGWB) has prepared a map showing

It has been estimated by this Commission that as against a total annual availability of 1,953

km3 (inclusive of 432 km?’ of groundwater), approximately 690 km3 of surface water and 396 km3 from

groundwater resources, making a total of 1,086 km3 , can be put to use. So far, a quantum of about

600 Km only out of this available water, has been put to use; However, pollution problems have been

growing, posing a serious threat to availability for use. Municipal sewage (often untreated), urban and

rural wastes, industrial efuents, chemical fertilizers and pesticides, have all contributed to the pollution

of both surface water and groundwater. At the same time, the demand for water will grow with

population growth and the processes of economic development. It has been estimated (as we shall see

later in this report) that the available supplies on certain premises will be matched if not exceeded by

demand by the year 2050. Water-stress conditions will be experienced in many parts of the country 
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spreading available resources thinly and ,therefore, of ‘spill-over‘ of projects over several Plan periods.

Pious exhortations in Plan after Plan against the thin spreading of resources on too many new starts

have largely been ignored because of the pressure for more and more irrigation. Indeed the problems

of adequate nancial resources, their optimal application and those of nancial and project discipline .

have become almost intractable.

When projects are completed, it is often found that the benets fall short of the original

expectations. Actual cropping patterns are not in consonance with what the project planners

envisaged; as a result, the area brought under irrigation is less than what was planned. There has also

been problem of a lag in the utilization of the potential created. The response to that problem, namely

the Command Area Development Programme, has not worked in the way it was supposed to and has

had only a limited success. Further, while on the one hand, a certain irrigation potential is created by a

project; on the other, the very practice of irrigated agriculture for some years leads under certain

conditions (inadequate drainage, injudicious irrigation) to a loss of valuable agricultural land through

the emergence of water-logging conditions and salinization as has happened in some commands.

Irrigation projects, in general, have become poor revenue-earners (in fact in nancial terms,

they are loss-makers) because of low water rates and still lower collections. The recommendations of

various commissions and committees for a revision of water rates on certain principles have largely

remained unimplemented due to lack of political support. With a few notable exceptions, the State

Governments show little inclination to raise water rates. This aggravates the problem of inadequacy of

resources. Lack of funds, combined with the preference in our system for the construction of new

projects over the maintenance of existing ones, results in grossly inadequate allocation for the latter.

Systems built at great cost are allowed to fall into a dilapidated state. Together with the unresponsive

methods of governmental functioning, this renders the system inefcient and unreliable as a provider

of water, which in turn makes the user reluctant to accept any increases in water rates, thus setting in

motion a vicious circle.

Over the decades the state's capacity for maintaining and operating large irrigation systems and

providing a satisfactory service to the farmers has come under severe strain. A further complication is

the role that politics plays in water allocation and the power and inuence that some rich farmers come

to acquire over the operation of the system. All this, and the activities of many NGOs as also a growing

feeling that the role of the stateshould be reduced and the area of management by the Deople

enlarged, have led to a movement for a transfer of the responsibility for the management of irrigation

systems at a certain level to Water Users‘ Associations (WUA). This has come to be known as

Participatory Irrigation Management (PIM) or Irrigation Management Transfer (IMT). The movement is I

in the early stages in our country, but it is bound to make signicant headway in the near future. ,

If we leave the area of large projects and look at minor irrigation and still smaller local water l

management systems, we come across two sets of problems. The rst is a cluster of issues relating to

groundwater exploitation. There are areas where canal irrigation in places well endowed with

groundwater has led to a rise in the water table and the emergence of waterlogging and salinity

problems. There are other areas where groundwater is being mined, i.e. extracted at a rate exceeding

that of re-charge, leading to the gradual depletion of the aquifer, and in coastal areas to the incursion ‘

of salinity from the sea. Further, only the relatively rich can afford power-operated tubewells and

borewells, and their operation could have an adverse impact on others in the neighbourhood who are

dependent on the same aquifer. Unfortunately, state-regulation of groundwater extraction is not easy,

partly because of political reasons and partly because the laws seem to vest ownership rights in

groundwater in the owner of the land above it. A related question is the emergence of water markets,

their potential for meeting the water needs of poor farmers who cannot afford to invest in tubewells,

18i 
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l projects, ‘ empow g

as WUAs), and so on, are among the matters that demand attention.

!~

of the water-sources (mountains, streams, forests, wetlan s, un g

important concern.

embankments? What are the measures needed for ensuring

minimized? Is ood-plain zoning feasible?

_ can be taken? What types of economic activity and what in s

arid or drought-prone areas?

0 i .

mean in practical terms? What steps does this entail?

enforcement of water-conservation and economy in wa er

Conicts arise at every level — between different uses of water, between

'll inter-district inter-State, inter-countiy). A

between different areas (inter-group, inter-vi age, ,

' ' ' " f l al basis for sharing of water

framework of principles of water-sharing (including the provision 0 a eg

'
ssa . Answers have to be found to the difficulties that

between surplus and deficit areas) may be nece ry

' ' ' eciall in the case of inter-state disputes,

the existing conict-resolution machinery has run into esp y

20

Among the most important issues that need consideration in relation to water—resource planning

is that concerning the role of women. The role that women (including even the girl-child) actually play

in fetching water, often from distant sources, and managing water in the household, is well-known.

' '
' lt' them in the formulation of schemes or

Giving them a voice in water-resource planning, consu ing

erin ‘ them in the newer institutional arrangements that are coming into being (such

‘

Other matters calling for urgent attention include the sharp deterioration of water-quality (in

‘
rivers, surface water-bodies, underground aquifers, and in public water supply systems), the hazards

' ' ' f the law and institutions that are

that this poses to the health of the nation, and the ineffectiveness o

‘ t these ossibilities' and the shocking waste of water in all uses -

meant to be safeguards agains p ,

agricultural, industrial, municipal, domestic - and the total absence of an awareness of the scarcity of

' ' l t we seem to have been more

this precious resource. In general, in our anxiety for deve opmen ,

' “
‘ ater-resource development‘ than with water management. A shift

concerned with what is known as w

of focus towards water management has been urged and merits serious consideration. The protection

'
d der round aquifers) is another

Floods give rise to some difficult issues: is flood control feasible? Should we learn to live with

d bad? Why are people in some areas questioning the utility of

oods? Have embankments been goo or .

' that the damage caused by oods is

t r-short areas of the country to be met? To what

Contrariwise, how are the needs of the wa e

extent can this be done through local water-harvesting and watershed development approaches?

f ion distances? What local drought-proofing measures

Should water be transferred to such places rom g
k‘ d of water-use should be encouraged in

Even now, despite decades of planning and the institution of ‘ Missions‘, there are large

numbers of what are known as ‘ no source‘ villages, i.e. villages without a source of safe drinking water

within a reasonable distance. How is this unacceptable situation to be remedied within a short period

f t'me? The National Water Policy assigns the highest priority to drinking water, but what does this

t water as a basic human (and animal)

That brings us to the subject of water law. Access o

t ' hts of aquatic life and of the natural environment, and indeed

right needs to be ensured. The wa er rig
' l al asymmetiy between owing water (in respect

of the river itself, need to be protected. There is a eg

of which only use-rights are recognised and not ownership rights) and groundwater (where, as already

mentioned, rights seem to go with land-ownership). Reforms such as PIM, a ‘ participatory‘ approach

to planning, empowering the Panchayats and Nagarpalikas and the community in general, empowering

women, and so on, are movements that are gathering strength, but each of them may need some kind

'
' A ' the promotion of an awareness of scarcity and the

of legal backing and mechanisms. gain,
'

' t -use may need legal instruments.

different users,; 
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formulated and have been much more sharply articulated since then. They, therefore, do not nd a

. place in the policy.

,
It is clear that if the NWP were being drafted today, it would need to show a much greater

awareness of the present climate of opinion in regard to many matters such as environmental and

t’ uestions of displacement of people and their

ecological issues, ‘sustainable developmen , q

" ' '
I t' ‘ties on disadvantaged sections of the

resettlement and rehabilitation, the impact of developmenta ac ivi

't' the need to remove women's disabilities and ‘empower’ them, and

society and on tribal communi ies,

so on. The increasing acceptance of ideas such as a ‘participatory’ approach to project planning, the

t f ‘stakeholders’ the need for public hearings, the transfer of the management of
‘zed.

‘
involvemen o ,

' ' '
' I l t farmers’ associations, and so on, would need to be recogni

irrigation systems at a certain eve 0
f l l water-harvesting and watershed development

The growing awareness of the importance-0 oca

activities, the imperative of social mobilization in this context, the ‘success stories’ and other experience

' '
l' ation of these into a national movement, would need to be

in this regard and the need for a rep ic

reflected. The rediscovery of value in traditional systems of water harvesting and management and

' ' t f common resources would

the movement for restoring the role of the community in the managemen o

' th t the world as a whole is moving towards a situation of

need to be taken note of. The prognosis a

' '
vere in certain regions, and the appropriate

water scarcity and that the stress is likely to be very se

responses to the projected crises, will have to be central to the new policy. The recognition of access

f d concern for equity and social justice, will have to be

to water as a basic human right, and a pro oun

reected in the policy.

It would also be necessary to go into some other issues left out of the existing NWP. The issue

' f the formulation of the National Water

of the legal / constitutional framework, skirted at the time o

' ' k d t afresh. A new dimension has been added to this by the advent of

Policy, will have to be loo e a

Panchayats as one more tier in the federal structure, as also by the movement, not yet very strong, for

' ' f that in recent years, the process of

‘empowering the people’. Moreover, considering the act

t r dis utes has run into serious difficulties, it may be useful to set

adjudication of inter-state river wa e p

forth the changes needed in the adjudication system. Lastly, some of our important river systems are

trans-boundary systems and involve negotiations with neighbouring countries (Nepal, Bangladesh); the

new policy may have to take note of this dimension.

We do not propose to offer detailed suggestions for changes in the existing NWP or attempt a

h e onl tried to visualize the kinds of issues and concerns that

draft of a new policy document. We av y

such an exercise would need to take into account. However, almost all these matters will inevitably

come up for consideration in the various chapters of this report.

Two concluding observations may be made. The rst is that the concerns and considerations

outlined above seem to call for a fresh exercise of drafting a policy document rather than going in for

amendments and additions. The second is that the policy document will need to be accompanied by a

'l d blueprint for converting its generalities into operational plans; without such a blueprint, the

detai e

whole exercise of redrafting the NWP may not achieve its purpose.

22



EZ

9/\EL|PUBL{15L|8|Ll!LIOLQS9.19SJ9A!J15903ZISSM9L|_[_'1SEO3J,S9M9L{1UOSJBALIL|I)|"lSQQ9SQAUQLLISE
ameueqqqseoa1sea40s|21|apsq;JEGUeessq),Olugugaupwe/\pLpns40|n;pueqeA|uo8|!L|/\/\"|eguue.|ad
-uouamLUSLD,;o1so|,\|"HewsA|a/\g1eJedLuo:>weLpgq/v\s.|a/\g4|e1se0:>sno.|aLunuwe9J9L|_]_"|eguuaJad
-uousueu.|aq1;oawospuepa;ugeJ912s.|a/\gJueaaaqaL4_|_"A19/\ne3pue.|E'UU8d’euqs!.1>1‘ye/\ep05) ‘gpeueqew'!UJQ1!EQ’guewl_|e.|gJOs1a/\g.|6ug/v\o|;qseeaqlpuegdeipueepeu.ueN;oS.l9A!.lBug/v\0|;lsa/v\ 3L.|J,9.19UEDDGQSLRU!SLU91S/(SJBAIJ1UQ1JOdll.|!9L|_L‘J99/§SLR1l'1OL|5OJL|lMO|_.}SO|’1Ll!1UOI)9AEL|SJB/\!.l
BS9L|1'9JO,l9J8L|1'pUQSJ9!3Q|5DUEMOUSJO5U§1|8LU01BpSJE?Sl..|1UOLUJSLULUHSSL111Ll!SMO|;}9L|_|_'SpOO|__}
wanbsu;6ugsne:>’||a/v\sS.l9A!JaqlpueSL|1UOLUuoosuowug||e;uge.1MeaqMe/\a/\!a0e1SJ9/\!.lueAe|eu1g|_|
aq_|_'su1e1sAsQUL|59|/\|-E‘J1dQLUL|E?J9-EEUEE)puesnpu1;0asoqn,weSLUBJSASJ9A!};|ueAe|eu.:!Hugewaqi 'u!seq95EU!EJppue|ugGL|1JOSJSAQ](Ag)pue‘s49/xp|e1seo3(ggg)'S.l9A!Juenaaq(11)’s.1e/\g4ueAe|eLug|_|(g)
'2!/\'sdno.16mo;o1ugpaggssepaque:>e!pu140swaqs/s.19/\1JaL|1’Aqde45o;sA1.|daupuopaseg

'5U0!1PNPawnBLI1/<qpendope SBSJFIOQ.1819/\/\|EUO§1EUJ9J,UI;OSBSQ|8UO!J,E5!AEU-UONBqlU0UO!1u8AUOf)GL1),U!U9A!5UO!3,!U[;9p
aupJBCIseugseqa6eu!e4pa|5u,gsea1n1p,suo3Sl'1U!LL|J€91uowwoa2o:1ugEu;/v\o|;A||e|.uJous4a/\u40
LU81S/(SV‘9S!MU!SEqSEDJHOSBJ1919MJOJUBUJSSBSSE9L{19>|ELUOJ,1U8!U9AUODDUB|I'1}8S|'1'9JO,lS.l9L|1‘S!
3,1'S93JHOS9JJ91EM,l0J,UBLUd0|8A8ppUQ5U!UUQ|dJO;1!UnI)!5O|OJpM.|3!S2C|8L|1S!LIISQC]J8A!}j

sugseg.I8I\!}j1'9

'S93J|'lOS9JJ91EM
punoJ6pueaaeyns40JUGLUSSBSSE8J,EJQdSS9>{ELUueaa/v\Lpgq/v\01Bugpmaoe/UessaaausgL{I)EO.lddQ
pagg|du.use'SL|O!59JJOsugseqAqsemnoseu1912/v\Jo;Bugunoaae40sesodmd9141Jo;'12/xa/v\o|_|

'su0;1e3o|us/\g5ugaLug;1;0pouad2JBAOA|a1e.1edasu.|aq1/ggluenb01’e|qgss0dLug1ou4!’J,|n;>|_4;!p
A|aLuaJ1xa’a.|0;aJaq1‘sq11'9A!3,3Q—.l91U!A|snonu!1u03wepuep9>|U!|—J91U!suesarunos.1912/v\pun016
aqn,pueeaeynsaupsm.|J_'SJ9A!Jpuesuuesuls01su1m,a1ugee4912/v\punb16aL|1;oyedpueBIJJFIOSBJ
1912Mpuno4501ppepue.l9J,EMpUO.l5J91U8AewsmoganeynsLUOJ;1912/v\8L|140pad'u011,e.1ode/\e
pueUO!1EJ§dSUQ.l1-OdEA9q6noJq19J8L|dSOLL|J,Qaq101su1n1a1’sesnsnope/\011nduaq/v\'S83Jl'10S
JSJQM|DUf1OJ5pueamqsgow|g0s‘smogaaepnsLucu;4a1e/v\aq1;o1.|edJO_[QLU2’A|1uanbasqn5'aJ1nosa4
.l91l2MPLIFIOJ6aq101sppe1saJ9141puesJaAe|Jaddnaqquga.|n1sg0Lu'|1osseSU!l2LU9Jpuno159L|1
o1ugsdaasupgq/v\.1912/v\am40uedv'/v\0[,1aoeynssup01SugppesagpoqJ81E'Mugs1:>a||o3pues4a/\ppue
sweaulsL|5l'1OJL|1smoga3ue|eqaqlpuePUHOJ5aqa,olugsdaasu0p,e11dpa4dugugeuueuaL|1;oJJQCI95JQ|
v'UO!1EJOdEAE3seBJ€—)L|dSOLUI1Qsq;01>|:>eqsumleuuog1e1gdg:>aJdsgql40wed1ue:>1_4gu5gsv'€LU)|()()Q'17
lnoqe40uonelgdpwd|enuueuesa/\g6sgq_;_'u.1u.|941%sg’a|o|.|/v\ese/u1uno:>aqn,6ug>1e1’||2;u1eJ
|enuueueawBL|_|_'(e|.||,q)59191321.]uo1||gu1525sgAuunoaeL|1;oewe|EO!L|d2J5095aqi'sgseqa|qe/v\auaJ
2uoa|qe|ge/\eJ81QMqseu;sa>|ewm.|:>gq/v\ap/£3|e:>g5o|04pAqaqn,;oluauodwoa|epn1:>2sg‘He;/v\0us
pueugeu40uuo;ampug’uog1e1gdpa1d'1U9LU95E‘UQLU1uapg;apue1uaLudo|a/\ap’5uguue|d.l9C|OJdsq!40;
|eg:>nnsgsaamosaaeyns-qnspueaaeynsUJOJJJBILEM40A1g|!qe|!e/\eaq1;oluawssasse.l8dOJd*

M!|!qH|!eAvmam'1

S.l.N3l/\|3UIb3}:lCINVA.LI'lI8V'IIVI\V2I3.l.VM

E-H3.l.dVHD



limited catchment areas. A few rivers in Rajasthan do not drain into the sea. They drain into salt lakes

or get lost in sands with no outlet to sea.

Earlier, the entire country was suitably divided into 20 river basins by the Central Water

Commission. These comprised 12 major basins (having a drainage area exceeding 20,000 sq.km.) and

eight other river basins each combining a number of medium and minor rivers. However, it was seen

that some areas such as the area north of Ladakh not draining into Indus and areas of Andaman,

Nicobar and Lakshadweep islands are not covered in the 20 river basins. In consultation with the

Central Water Commission, we reviewed the grouping of the river basins. Based on this review, the

drainage area of the country has now been divided into 24 basins, which includes two basins, namely

areas of North Ladakh not draining into Indus and Drainage area of Andaman, Nicobar and

Lakshadweep Islands. The group of minor rivers of East Coast, South of Mahanadi have been divided

into ve basins in place of the earlier two basins and the rivers draining into Myanmar and Bangladesh

have been grouped under two separate basins, in place of the earlier one basin. The rivers of West

Coast South of Tapi are grouped into one basin in place of the earlier two basins. Area of inland

drainage of Rajasthan which was one of the twenty basins is deleted. The list of basins so proposed

alongwith their catchment areas is given in Table 3.1. The Statewise basin wise areas are shown in

Annexure — 3.1.

During the review, it was noticed that there were some discrepancies in the reported drainage

area of the Indus basin. Both the reports of the Second Irrigation Commission (1972) and the Ravi

Beas Waters Tribunal (1987) had adopted the area of Indus Basin as 3,21,289 kmz on a watershed

basis. However, as per the delineation of the basin boundary shown in the map in the Central Water

Commission Publication (1989) “Major River Basins of India - An Oven/iew”, the area of the basin

appears to be more than 3,21,289 kmz. We recommend that this may be looked into. For our purposes,

we are using the area of 3,21,289 kmz for the basin, since the same has been used by the earlier

reports.

Ganga, Brahmaputra and Meghna rivers flow into a common terminus before joining the Bay

of Bengal; hence, Ganga- Brahmaputra- Meghna is considered as a basin, and Ganga, Brahmaputra

and Meghna rivers are considered as sub-basins of Ganga- Brahmaputra -Meghna basin. Brahmani

and Baitarani river systems outfall into Bay of Bengal forming a common delta; hence, Brahmani-

Baitarani constitute a single basin.

The catchment areas and location of the basins are shown in Fig. 3.1
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data were available, and on rainfall-runoff relationships where flow data were meagre or notavailable. The country was divided into ve zones namely, West flowing rivers, East owingrivers, Indus basin, Ganga basin and Brahmaputra and Barak basin. The water resource ofall the basins taken together was estimated as 1,881 km3 .

The National Commission on Agriculture (1976) estimated total annual water resource ofthe country as 1,850 km3 (1,800 km3 available in an average year) based on water balanceapproach taking into account rainfall, percolation of water in soils, evaporation and evapo-transpiration .

Some studies were also done by different bodies from time to time in respect of a fewindividual basins for specic purposes. These estimates were based on obsen/ed ow dataat terminal site and observed ows were corrected for upstream utilisation of surface waterresource. However, the correction for additional evapo-transpiration due to ground wateruse was not done. The sources of the study, respective basins and the estimates are givenin Table 3.2.

Table-3.2
Average Annual Run-off Estimated by Different Agencies

S.No. Source of the Study Basin Water
1

Resource,
km3 per

year

1. Indus Commission (1960) Indus 73.305*
2. Krishna Godavari Commission (1962) Godavari 118.982
3. Cauvery Fact Finding Cauvery 20.957Committee (1972)

Tribunal (1973) **
5. Narmada Water Diputes Tribunal Narmada 40.950

(1979) **
.

1 6. Committee for Assessment of West Flowing Rivers 108.618
Water Resources of Rivers Falling from Tapi to Tadri
into Arabian Sea (1982) Rivers South of

Tadri 89.250
7. Ganga Brahmaputra Water Ganga 501.643

Studies (GBWS) (1982)
8. Brahmaputra Board (1987) Brahmaputra 537.067
9. Central Water Commission (1987) Mahanadi 66.879

Do Subernarekha 10.756
Do Sabarmati 3.812
Do Tapi 18.000

* This gure was inc/uded in the ear//'er est/mate of1960.
** The Tr/buna/s have given awards based on 75percent dependab/7/ty, whereas

the assessment by the National Comm/ss/on /s based on average ow.

Central Water Commission revised the estimate of average annual water resources potentialof the country in 1988. The average annual ows of the Indus, Ganga, Brahmaputra,

28
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as 45.64 km3 on pro-rata basis.

roughly assessed by CWC in 1988 as 31 km3.

resources is shown in Table 3.4.

adequate by the Commission.
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India is 41,723 Sq. km. The water resource of the entire sub-basin was

estimated to be 48.36 km3 on the basis of proportion of catchment area.

(c.) The annual ow series at Garudeshwar site, for a basin area of 89,345 sq.km. on

Narmada river, were developed for the period 1891-1970, based on the observed

ows at this location from 1948 to 1990. The catchment area of Narmada is

98,796 Sq. Km. Water resource for the whole of Narmada basin was estimated

(d.) No fresh attempt was made for estimating the water availability of Indus, Ganga,

Brahmaputra, Mahanadi and Cauveiy rivers. The estimates of average annul

flows of these basins were made by the agencies indicated in Table 3.2.

Subsequently, CWC in their study in 1988 carried out correction in the estimates

by taking into account the effect of utilisation of ground water. The same

estimates were considered by the CWC in their study in 1993. Total water

resources of the above river basins were thus estimated as 1,150.5 km3.

(e.) The water resource of West Flowing rivers of Kutch and Saurashtra including

Luni was estimated as 15.10 km3, on Dr.Khosla’s formula, as the estimate of

water resource of this basin could not be reassessed on the basis of the

observed run-off data for want of reliable data at any site in the basin.

(f.) The estimate of water resource of ‘Rivers Draining into Myanmar and

Bangladesh’ could not be carried out for want of reliable run-off data, and was

Total water resources of the country were estimated by the CWC in 1993 as 1,869.37 km3

(1,870 km3 ). This estimate does not cover the water resource of areas of North Ladakh not draining

into Indus and Island of Andaman, Nicobar and Lakshdweep. Basinwise distribution of these water

We reviewed the estimates of average ows made by CWC and NWDA and by Committees,

Commissions and Tribunals. NWDA has estimated mean ows for a few basins only. The mean flows

of the basins estimated by NWDA are not based on the obsen/ed ows at terminal sites. These were

computed from yield series developed for sub-basins, using the rainfall - runoff relationship established

at gauging sites in sub-basins. Ground Water utilisation was not considered for estimates of natural

ow at gauge and discharge sites. Hence, the mean flows estimated by NWDA were not found

We adopted the estimates of water resources for 18 basins and Ganga and Meghna sub-basins

of Ganga- Brahmaputra -Meghna basin as given in the CWC Report of 1993. Some modications have

been made in the case of Brahmaputra sub-basin and Krishna basin.

The Brahmaputra Board in their report of 1987 on “Master Plan of Brahmaputra Basin: Part I -

Main Stream" indicated the average annual flow at Jogighopa on Brahmaputra as 537.067 km3 on the

basis of the observed flow in the years 1955-57 and 1971-77. The gure was subsequently corrected to

537.24 km3 in 1988 after accounting for actual utilisation of ground water draft. Important tributaries

like Champamati, Gaurang, Sankosh, Gadadhar, pkai, Torsa, Jaldhaka, Teesta (all North Bank

tributaries) and Jinjiram, ( South Bank tributary) join Brahmaputra downstream of Jogighopa. Average

mean ows of these tributaries obtained from obsen/ed ows at G&D sites on these rivers were_ 
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Table - 3.4

Water Resource - Basin wise -

~73».

S.No. River Basin Water Resource, ‘

a§p-04-

kmalper year
As per CWC As per *,-

19ss NCIWRDP l
1999

-\

2 3 4

_\

Indus 73.31 73.31

l\J

Ganga-Brahmaputra-Meghna Basin

l\J
Q)

Ganga 525.02
1 525.02

2b Brahmaputra sub-basin \g, #53724 "629.05
2c Meghna (Barak)sub-basin 48.36 48.36

OJ

Subarnarekha 12.37 12.37

A

Brahmani-Baitarani 28.48 28.48

U1

Mahanadi 66.88 66.88

O7~1

Godavari 110.54 110.54

Krishna ##78.12 **69.81

O)

Pennar 6.32 6.32 "
9 Cauvery 21.36 21.36
10 Tapi 14.as 14.88 l

11 Narmada 45.64 45.64
12 Mahi 11.02 11.02

13 Sabarmati 3.81 3.81

14
l

West Flowing Rivers of Kachchh and Saurashlra including 15.1 15.1
Luni

15 West Flowing Rivers south of Tapi 200.94 200.94

16 East Flowing Rivers Between Mahanadi and Godavari 17.08 17.08 47

A17 East Flowing Rivers Between Godavari and Krishna 1.81 1.81 ii

/'18 East Flowing Rivers Between Krishna and Pennar 3.63 3.63

East Flowing Rivers Between Pennar and Cauvery 9.98 9.98 D\/ 19

20 East Flowing Rivers south of Cauvery 6.48 6.48

21 Area of North Ladakh not draining into Indus 0 0

22 Rivers draining into Bangladesh 8.57 8.57

23 Rivers draining into Myanmar 22.43 22.43 K;

24 Drainage areas of Andman, Nicobar and Lakshadweep 0 0 ;

Islands

>.

Total 1869.37 1952.87

3;--4

Say 1210 1953

Source: Reassessment of Water Resources Potential ofInd/a — CWC} Pub/icat/on 6/93. A

# A verage ow up to Jog/ghopa as est/mated by Brahmaputra Board. .

Includes additional contr/but/'0n of91.81 km’ be/ng f/ow of9 Tributaries j0.in/ng Bra/vmaputra downsteam ofPk

##
wk

Jogh/ghopa site.
Est/mate of CWC based on run—0‘ data at V/jaywada site.
Based on meam ow of the y/e/d series accepted by KWDTA ward.

1'-

While suggesting the gure of 1953 km3 as water resource of the country, we recognise the
limitations of these estimates, which in turn are based on the studies cited above. Important limitations
are as follows:

32



1

SE

-A||eagpogedqnopegueoeqp|0L|S1L|BLUSS8SSE9.lL{IJI'lS1eq1e|qeJgsep
sg1,1'segpn1s1U8LLlSS9SSEeseqqL{1!Mpe1eposseeqos|eAew':>1euogennng959.1015pueuogemde/\e
'|eme4pq:gm.l91E’Mpuno16’uop,esg|gn5Ll1pJl25E>Je1ep5ugoe||o:>Jo;e|q!suodse1sepuee1ueLuu1e/\o5
|e11ue3we/\e;e1pues1ueu.1u1e/\o9eqeqg3L|_|_'pepeeuBJEsepuz->pg;euogeguguosuoge/uesqo
e1e.m:>aeeuow'Lue1sAseql40Aauepggeuogegug5U!|!EA9Jd9L|1ugepgsuoaJegep91ELU!1S9eqp|n0qs
SBDJHOSGJJ91BMpuno1f5segemseeneyns40;sesnJ9L|10wogpueuo!1e5!.u!LuogsmogL|J|’l18Jeq_|_
"sesso|UO!1E'.|OdQA9puesesn|eg1snpugpueogsewop'uoge6g1gJo;sea1nose.|1e1empuno46pueeaepns
Luoguogesggn‘smogpa/uesqo01Bugugeuede1epe|qeg|e413e||03puesugseqsnoge/\;osea1nose1
1912M40J,U3LUSS9SSQeqq5uguge1Jeqyn;;o>gome|.|1clne>1e1p|noqs3/VD1eq11se55nse/v\

'seg1goq1ne1:>e_[0JdAqpeugelugewqou8.18Msesso|uog1e1ode/\e,10SPJOIJSJ
eqqJ8A9.|8L{Muogesggn|enuueeup,40queuedQZsepewnsseBJBMsesso|u0ge4ode/\ee|.1_|_.

'\

'ep!sJem0|uoeqAewsmogUJl'119JpewnsseeLg’u1e1sAsu0p,e6g.u!_ug
esn.1e1empunoJf5puee:>e;.|ns40se1buepg;e8L|1Bugepgsuojqueued5;-Q;lnoqeesn1e1emi

pUhOJ540A:>uepg;epue’1ue:>.:ed()1;-QE40.|ep10ergugeq701pe1eLugsesemJeqemeeeyns40_/

Aauepggeu0g1e5gJfeL|_|_'esnel.|140queued()8sepewnsseGJBMsesn|eg,usnpugpueagsewop
Jo;smogUJnJ,9Jeqi'10;peJ,un03:>e1OUsemesn1812Mpuno16w0.gmogu1n1eJeqqpueesn‘/
;01ue3.1edQZ-()'[sepewnssesemSBJJHOSGJJE>1EMeaeynsLu0.guogewg40;mogUJ|'119.|eq1_-5

's.|eeAJ8L|J,OJ0;5uge|0d.1eJ,ugAq$3-£351
4eeA8L|1.lO,lp1eog.|e1e/v\pUnOJ§)|e11ue3eq1Aqpue99-£951Jee/Keug10;(H51)uogssgwwog
uogegqeqn,Aque/\!6gemesgm-e1e1seuguee/vuequogege/\JEBUH40uogdwnsse
9L|1uopelewpsesemJ81QMpuno16Luoggeme.|pa.p,gm9S!M-J29/\eqlseseseqn,;01SOLLlu1.

uelempesggn40segguenb
eqqe1eLu;1se01epeweq01peqsuogdwnsse6ug/he/\puee|qege/\e10ue1eseJn6guogesggn
8L|1seseaAuewu1"sesnJ,ue1.|odLugJ3L[1O40;pmaex.l8C|OJdugelugeuu1ouopSJ,UBl.UUJB/\05
e1e1geq_1_'UO{1E5!.|J!AqsgsugseqJ8A[.leqn,40J,SOLUug.|e1em;ouogdwnsuoaJO_[9[/\|-

'epewueeq10ue/\eqzu1>|955954028.121U8LUL|31QDeBuge/\oa
spueysgC|99MpL|S>{E"|pue.:eqoagN’uewepu\1;oseem95EU!E.|ppuesnpu1olug5U!U!EJp
1ouq>1epe'|Lp.1oN40ee1eAyeweu’sugseqom140selewgseeq_|_'1uewssesse91BUJ!XOJddl2
ueA|u0sgsgg’sugseqese\.|1ugelepmog40eeuesqeem.|1u1'A.|1un039L|140seo.1n0se14e1em
|e1o1eup,401ue:>1edV2sepessesse3.19sugseqeseqn,40SBDJHOSBJJGJQM|e1o19L|_|_'A.|1uno3
eqn,402812|e3gqde.|5oe5|e1o1401ue:>.|ed5'11s!qagqmzLL|>|Z59'0L’g40ee1equewqazeaeqn,
J9/\OI)qsepe|6ue9olug6u!ugeJpSJB/\!Jpue1eLuueA|,qo1u;5uguge1ps1e/ggpue'Q.|1l.|SE‘JnESpue
qqaLpe>{;oSJ9A!}j6u!m0|51se/v\A|eu.1eu’sugseq99.lL|_]_'dgqsu0ge|e.'goum-|;e,1uge49L|1uo
peseqs!su.|ee.|1spe6ne6uneq140se:un0se41812M40luewssesse9L|_|_'pe6ne68.12sJe/\g.|
40JeqwnugenuseA|uoeso1.|1;0fs.:e/\g\d6ugmo|;;lsegpuesJe/\!\d5u!mo|:]lse/v\9L|1ugsweens
gews40Jeqwnue.see1eqi'sugseq1ue1eggpugpege/\perpegoae4emelepqagqmJo;poged
eqn,'J8A9MOL|f3;v\3Aqpelanpuoasuoge/uesqo95JE'L|DS!peqn,uopeseqsem1uewssesse
9L|_]_'u1Jg10ue4eselewgseese1.|1||v'sesnsnoge/\Luogmogp91E‘J9U85S.l/smogu1n1eJ
eqn,pues1go/uese.1eug40sesso|uog1e.|ode/\epueS95l2JO1Seqlugseueqaeqn,’|eme4pq1gm
J91E‘Mpun046eqn,'LUQ9J1SdI'lsuogoensqeeqn,uoelepeqn,40Aqggqegea9L|1’suo11e/uesqo
e6.|eu:>sgp40Aeemoeeeqn,uospuedep.l8A!Jeqn,uoe1!s|EU!LU.l91e1epemseewsmog
Je/\g40sgseq9L|1uoepewugseqJE9/\!Je40se:un0se14e1em40wewssessee|.|1,10Aaemeae9L|_]_o



Some States, such as Bihar, Rajasthan etc., have made basin—wise assessment of water
resources; these assessments should also be taken into consideration by the CWC while reassessing

water resources. State-wise assessment of surface water resources would also be desirable as the

states are primarily responsible for planning and development of water resources.

The average annual virgin flow at the terminal point of a river is generally taken as the water
resource of the river basin. But this resource is available with a probability of about 50 percent,

whereas irrigation projects are planned for 75 percent dependability, power projects are planned for 90

percent dependability and domestic water supply projects are planned for nearly 100 percent

dependability. For the purpose of project planning, higher degree of reliability of water availability is

desirable to ensure viability of projects. 75 percent dependability has no operational signicance if

used for the basin as a whole. It cannot be obtained by a simple aggregation of 75 percent dependable

flows of different sub-basins of a basin.

3.3 Utilisable Water Resource

Utilisation of water resource can be taken as the quantum of withdrawable water from its place

of natural occurrence such as river or ground water. Alternatively, it can be considered as additional

evaporation/evapo-transpiration of water when used for different purposes i.e. domestic, agricultural,

industrial etc. The former approach has been used more commonly. This approach is also used in

estimating the utilisable ow. Withdrawablity of wa@;la_:ge,ly,,depen.ds on the existencejpqgssibility of

storage and diversion structures and land availability. There are limits to the creation of such structures

due to physiographic conditions, environment consideration, extant of technology and problem of

resettlement and rehabilitation. Financial viability of the projects for storage and diversion is also a

major consideration. Other constraints could be the reliabiligofows, say 75 percent dependability.

Conventionally, water resources have been utilised through run-of-the-river schemes and

storagereservoirs. The canal system in both these types of schemes is normally built for supply of

wateTby gravity. Sometimes water is directly pumped from the river for use. About 80 percent of the

river flows occur in four months of the monsoon. During this period, maximum utilisation of the water

can be made from the run-of the-river diversion schemes with small modications for regulation which

require very little storage. About 250 barrages/anicuts have been constructed and 45 barrages/anicuts

are under construction. The barrages likely to be constructed in the future have not been identied.

For the use of water during the non-monsoon seasons, there is a need for building up of

storage capacities in resen/oirs and storage tanks. The total storage built up in the projects completed

upto 1995 is about 174 km3. From projects under construction, another 76 km3 of storage capacity is

likely to be added. Small tanks provide about 3 km3. This gives a total available storage of 253 km3.

From identied future projects, another 132 km3 can be added making a total of 385 km3. Basin wise

gures are shown in Table 3.5. It can be shown that this is the bare minimum live storage needed to

balance seasonal flows in an average year. Without availability of this much storage, the assumption

of 690 km3 of utilisable surface water(see later) will not be valid. If more storage could be developed,

carry over from years of above normal rainfall to dry years would be possible.
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Table - 3.5
Storages in India - Basinwise

S.No. River B355" Live Storage Capacity, km’

r ‘ ruction
cts

Comp- Projects Total Projects under
leted under Const- Consideration

P 01e-

i 1 2 3 4 5 6

__\

Indus 13.83 2.45 16.28 0.27

l\)

' -

Ganga-Brahmaputra-Meghna Basin

I\.)

ID

Ganga sub basin 36.84 17.12 53_9(5 2956

N
57

0

Brahmaputra and Meghna sub-basins 1.09 V 2.40 v 3_49‘ 5335

OJ

Subarnarekha 0.66 1.65 2_31 159

A

Brahmani-Baitarani 4.76 0.24 5. 372

0'1

Mahanadi 8.49 5.39 1353 1096

CD

Godavari 19.51 10.65 3Q_16 328

\l

Krishna 34.48 7.78 4225 Q13

OJ

Pennar 0.38 2.13 2_51 NA
1 9 Cauvery 7.43 0.39 7_32 Q_34

10 Tapi 8.53 1.01 9_54 1_99
11 Narmada 6.6 16.72 2332 Q_47.12 Mahi 4.75 0.36 5_11 Q02

A13 Sabarmati 1.35 0.12 1_47 Q99
14 West Flowing Rivers of Kachchh and Saurashtra 4.31 0.58 4.89 3.15

including Luni.

15 West Flowing Rivers south of Tapi 17.34 4.97 22.31 2.54
16 East Flowing Rivers Between Mahanadi and Godavari.

17 East Flowing Rivers Between Godavari and Krishna. 1.63 1.45 3.08 0.86

18 East Flowing Rivers Between Krishna and Pennar. w
19,20 East Flowing Rivers Between Pennar and Cauvery 1.42 0.02 1.44 NA

and south of Cauvery

21 ‘Area of North Ladakh not draining into lndus NA NA NA NA
22,23 Rivers draining into Bangladesh and Myanmar 0.31 0 0.31 NA

24 Drainage areas of Andman, Nicobar and NA NA NA NA
l.akshadweep Islands.
Total 173.71 75.43 249.14 132 32
Say 174 76 250 132

Source: Storage in River Basins ofIndia - CWC 1997, MOWR, G01] New De/hi.

/Vote .' Projem having a /ive storage capacity of 10 Mm’ and above on/y are inc/udeo'. An additional /ive storage capacity of
3 Km’ (approximate) is estimated to be created through medium projects each having a capacity of /ess than 10
Mm’ , thus making a total /‘ive storage capacity of177 Km’ in comp/etedprojects.
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DISTRIBUTION OF NUMBER OF DAMS IN THE COUNTRY

T’ k

State Completed Under Total
Construction |

Maharashtra 1229 300 1529
(34%) (43%) (36%) , ~

Madhya Pradesh 946 147 1093

l Gujarat
(26%) (21%) | (25%)

466 71 537
(13%) (10%) (13%)

Other States 955 177 1 132
(27%) (26%) (26%)

Total 3596 695 4291

Note .' Figure in the bracket /'5 percentage of total under the column.
Source .' Water and Related Stat/st/cs, CWC (1998).

cannot be fully used and there is a surplus

than annual flows in the basins. A possible
flows and the recharge to the ground water

We have adopted utilisable ows
schemes. It should be noted, however, th

in each river basin/sub-basin/state.

To enhance the utilisable flows, it is

- Recycling and reuse of water.

- Desalinisation of saline water.

i o Water harvesting, watershed
structures.

F.

For lack of adequate storage sites on the Ganga in its catchment in India, the available flows
in the river in the monsoon period The Brahm utra basin

- ..._cc_c_aP,.._.
i5 very nartow and there is limited land available for irrigation. Besides, storage sites are limited. This
has resulted in enormous quantity of surplus flows in this river. Similarly, in west owing rivers of
Kerala, Karnataka, Maharashtra and Gujarat states, there is limited land available for irrigation and the
rivers are small in length. The ows of Mahanadi and Godavari cannot also be fully utilised. The
utilisable flows in Pennar, East owing rivers between Pennar and south Cauvery as reported are more

reason for this anomaly may be double counting of return

in various basins as assessed by CWC by conventional
at sedimentation in the reservoirs causes reduction in the

storage capacity. Loss of about 65 km3 storage capacity has been estimated in the total projected
reservoir capacity of 382 km3 due to sedimentation by the year 2050. The impact of 65 km3 loss in

total resen/oir capacity on utilisable surface water resource of 690.3 km3 may be the reduction in the
utilisable surface water resource approximately by a similar amount by the year 2050.

There is scopejorgincreasing the utilisation in Ganga — Brahmaputra by construction of storages
at suitable locations in neighbouring countries through bilateral agreements. It is also possibleito
enhance the estimated utilisable water through proper regulation of resen/oirs and by providing carry
over storage. We suggest that the CWC should-carry out studies to revise estimates of utilisable ows

imperative to look for other possibilities such as:

- Articial recharge of ground water to increase the ground water potential.
- Inter-basin water transfers wherever feasible.

development and revival of traditional water storage

b 38
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,4 ____

Th rms set u by this committee are currently being utilised by Central Ground Water Board
e no p

(CGWB) and State Ground Water Departments to estimate the ground water resource. Replenishable

Ground Water Resource was estimated by the Working Groups (constituted in 1994-95) based on large

fh d eolo ical and related data generated by FGWB and State Ground Water Organisations
volume o_ y rog g

-

and the existing knowledge of ground water regime as 431.9 km3. This is the sum total of potential due

to natural recharge from rainfall ( 342.4 km3) and the potential due to recharge augmentation from

l ' ‘ ation s stem (89 5 km3) After allowing a minimum of fteen percent of this quantity for

cana irrig y . .

drinking and industrial purposes, the remaining can be utilised for irrigation purposes. The available

. . . -
- . . - -

k

ground water resource for irrigation is 360.8 kma of which utilisable quantity lS taken as 324.7 m

Th tmates b CGWB of total replenishable ground water resource, provision for domestic, industrial
e es l y

and irrigation uses and utilisable ground water resources for future use are given in Table 3.7 below .

Table-3.7

Ground Water Resource

___,__.=.

»_il\JLadP

Utilisable Ground Water Resource for Irrigation 325 km3

(90 percent of the Sl. No.3)

Total Replenishable Ground Water Resource 432 km3

. Provision for Domestic, Industrial & Other Uses 71 km3

. Available Ground Water Resource for Irrigation 361 km3

5. Total Utilisable Ground Water Resource 396 km3

(Total of Sl. No. 2 & 4)

Source: Ground Water Resources ofIndia, CGWB, 1995.

The statewise estimates of dynamic ground water (fresh) resource made by the CGWB are

given in Table 3.8.
'

Q Only fresh water resources are accounted for in the assessment of ground water resources and saline water is excluded.

40g 
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Table - 3.9
Dynamic Fresh Ground Water Resource -Basinwise

Unit : Km’ / Year
S, N0, River Basin Total Replenishable Total Replenish- Total Replenish-

Ground Water able Ground Water able Ground
Resource Resource Due to Water Resource

Recharge From Normal
Augmentation From Natural Recharge
Canal Irrigation

—\

2 3 4 5

_\

|ndU$ 26.5 12.21 14.29

l\>

Ganga-Brahmaputra-Meghna Basin

2a Ganga sub-basin 171.57 35.1 13547
2b Brahmaputra sub-basin 26.55 0.83 2572
2c Meghna (Barak)sub-basin 8.52 0 3_52

L»)

Subarnarekha 1.8 0.12 1,53

J>-

Brahmani-Baitarani 4.05 0.7 3_35

(J1

Mahanadi 16.5 2.86 1354

O‘)

Godavari 40.6 7.12 33,45

\l

Krishna 26.4 6.52 19_gg

Cb

Pennar 4.93 0.89 4_O4

9 Cauvery 12.3 3.51 g_7g

1O Tapi 8.27 1.6 6467

11 luarmada 10.8 1.42 938
12 Mahi 4 0.5 3,5

13 Sabarmati 3.2 0.3 2_g

14 West Flowing Rivers of Kachahh and Saurashtra 11.2 2.1 9.1

inclduing Luni.

15 West Flowing Rivers south of Tapi 17.7 2.15 1555

16 East Flowing Rivers Between Mahanadi and Godavari.

17 East Flowing Rivers Between Godavari and Krishna. [188] [ 5.98} E 12.82 J

18 East Flowing Rivers Between Krishna and Pennar.

19 East Flowing Rivers Between Pennar and Cauvery

‘ 20 East Flowing Rivers south of Cauvery [ 182] [ 5155 J [ 1265 J

1 21 Area of North Ladakh not draining into Indus Not Assessed

22 Rivers draining into Bangladesh Not Assessed

23 Rivers draining into Myanmar. Not Assessed

24 Drainage areas of Andman. Nicobar and Lakshadweep Not Assessed
Islands.

Total 431.89 | 89.46 | 34;>_43

Source: See text.

It may be seen (Table 3.8) that in keeping with the hydrogeological variations in the country,
the ground water development potential, too, varies widely in different states/regions. Though rainfall
has been the principai source for ground water recharge, the recharge from canal seepage and return
flow of irrigation has also been signicant for estimating ground water resource in some states. The
contribution from canal system to the annual ground water recharge in the States of Andhra Pradesh,
Punjab, Haryana and Jammu & Kashmir ranges from 43 percent to 49 percent while in the States of
Tamil Nadu and Uttar Pradesh, it is 24 percent to 28 percent; in other states, it is meagre.

l 42_ 



;

b6

I

H

r’;

’‘  
Eb

pa1ae11>§eaquea1912/v\puno46’qsape1dE.|L|pUVpuee11L|s24eL|eW40S9!JO1!JJE3ieue/v\puo5)u1muQ5:
-QQI40B5UBJaqqugqlg/v\qqdapJ9MO||EL|SPSDJOJGJa/\eL|/Ulunoaaqlugsugseq.19/\!1pue|u1'A11|gqegga~2
1a1e/v\PUHOJ54095UQJLpdap.lQ[§LL|[S5U!AQL|os|esues1a;gnbe|QJ,SE’O3a1.|_|_'Aa||e/\3g1a6ue9-opu1am.4
se’wQ51;01u/moppa1!o|dxeaquea1912/v\pL||'1OJ5‘Lung/\n||eugleqn,aqeagpugsagpn1s/U2U!Lu!|9J¢|

Ja;!nbeJBJIHDE1]LU!|uog1e1go|dxa01u/v\opuogl
sq}40em;o-en13n|;|a/\a|1912/v\;oauoz9L|1amass;

{PIQIA3!J!39dS}X{1U91X9IPBJV}X{MOIBQJ9J!"b99Ll1J05$9U>iI>!LIJ.}=JBIEMDunoli)3!1E‘€

:s/v\o||0;sepauge|dxaaquen
ssaa0.|d9L|_|_'|€!.l91ELUJ9;!f'|bEaq1;op|agAogpedspuessau>|:>gq14a;!nbesup,ugleauuepJayeepewac
AewSSDJHOSBJ.l91QMpuncu6:>g1e1s40UO!1E1|’\dl.UOI)eqi'uo!1en13n|;|e/\a|J612M40auozaqq/v\o|aqsauoz
.lS:}!DQ9L|1uga|qe|ge/\e1812MpunoJ6sepeuapgsuoosgaamosm1912/v\pun0.15L|sa1;311215aq_|_

aamosag.|a;eMpuno.|50112355-5

"55511g/M93’e_/puj,/0saamosayJ-919,1/1pu/7019.'8JJl70$

$91215gu/5)/J0/E]\

JU9/Q/1_IfIb9sapn/Ju//2101'5)/J0/q9950.;JU8/Q/1/HDQ.912E./JL/SQJEL/ENu_/span/5./a,2e/M505;pue5)/30/q
gig0.7Jua/2/1_/nbawe,1eue_[n9u_/$2»//1/eipg;’s>/90/q50501.ZU9/EA/f)b9weL/59p€JdeJqpu|/u_/s/epue/4
#011"pa:/s./9,22/14s_/1/'EJ]L/SEJEI/PWu_/pueE)//7/El511/Q2./efngu/.’/epuew5/qsapeud21¢/puyu_/,2/u/7.'.910/V

-L172,setsIB10.LJ

-muumzzzzseams1=~>u10I

qsapeud;;

172s9'0020602»:wupuv1

82‘zrzoat568L|$9P9JdJenn!

IE£52090541Q@>|B1@w@>|
Z17217-90H812lwlnsi

‘I990171vs1782"PENnwu
IS4061sv922'JEH15E.[9H
vs49%sv801PU?/UPH

17925-29811qefund
0/O.l8qlUl1N

0/0'Illl8LLIC|O|9l\8(]JGJEM|J8I|!O|C|X§S)|DO|
pUl1O.l[)JO|8I\3‘|-IBAQJO.l3qlUl1N81215

S)IDO'l9G3.I.IO'ldX3HHAOHELLVMCINHOHD

'1L|9LLlSS8SS99L|1SS!/\9J[DUESSDJHOSGJJ9lEMpU|'lOJ6JO1U9LUSSBSSEBL11JO}PBSH5U[SC|8.12J,QL]1
SJ9J,BLUEJEdSl'lO]JE/\JOUO!1ELU!1S9DUEUO!1Q3l_}[J9/\JO}S9!p1SJSLQJHJ1H0/U193p|noL|sQ/\/\f-I)Bql

"seem1ua4e;;gp
ugSBDJHOSBJ1912/v\puno466ugdo|a/\apa|gq/v\pugwug1da>|aqp|I'10L|SuogleaggssepLpng'u0p,e1!0|dxa
luemad59ueqlssa|puewaned530159‘luamadQQI0153'1U8I)JBdQQ'[ueqqBJOLLI6u!1uase,1da1
sauozalgu/v\pueA:->46’>pep’pa1go|dxaJSAO;0SLUJ91ugapewsguog1e1,go|dxa40uog1esg1o5a1e:>as;/v\->po|q
'1uauudo|a/\ap1912/v\puno4540a6e1sa1.|140sgseqsq;UQ'S9.l1U93ueqm40L|J,MO.l5pauue|dunaq1
Aqpalenlueoaeuaaqseqpuansgqi'segp0q|eao|AqA|ddnsJBJQM40eeuoqsJ3/\0EDD.01sa4n:pnJ1s
SugdwndBumnds|enpg/xgpugL|11Muouawouaqduowwoaeawoaaqsequogpenxa1912/v\punoJ5)



l

l

l

i

l

l

l

l

t
l

l
l

l

l

l

l

upto the depth range of 175 — 250 m. In hard rock terrain, the availability of ground water increases
steadily upto around 100m whereafter the frequency of water yielding fractures diminishes except in

sporadic cases.

3The general range of yield in the unconsolidated formations is from 200 — 350 m /hr. Some of
the prominent water bearing strata in these formations are Piedmont alluvial Plain, Glaciolacustrine
deposits, Inland river ood plains and coastal alluvium. In the Indo-Gangetic alluvial plain, tubewells
were constructed upto the depth of 600 m with a yield prospect of 400 m3 /hr. In the semi-consolidated
formations, the ground water productivity is fairly good. The lathi formation in western Rajasthan has

recorded the highest yield of more than 450 m3 /hr at a depth of 544 m. The general yield range is 60

— 200 m3 /hr for depth of 250 — 400 m. The ground water prospects in the fractured rock formations in

the peninsular India are nonhomogeneous and site specic. The yield of the borewells tends to
decrease with increasing depth due to reduction in degree of weathering, closure of joints and fracture
openings and lack of interconnection between fractures. However, in tectonically weaker zones in hard
rock formations, the wells have recorded good yield. The average range of well yield in these

formations is from 50 to 150 m3 /hr at favourable locations.

An assessment of the quantum of Static Water resource available in the country has been

carried out by CGWB on the basis of the depth of availability of ground water and the productivity of
deeper aquifers. The estimate of static water resource has been made district wise in different states of
the country. The total estimated static ground water resource is 10,812 km3. The details are given

below in Table 3.10.
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7 5
1 11 Narmada 13.8 4.6 13_4
1 12
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1 16

Table - 3.11

Static Fresh Ground Water Resource -Basinwise
‘ Unit : Km 3

S_N0_ River Basin Static Fresh Ground Water Resource
AIluvium/Uncor.so- Hard Rocks Total ‘
lidated Rocks

1 2 3 4 5

1 Indus 1334.9 3.3 1338.2
2 Ganga-Brahmaputra-Meghna Basin

2a Ganga sub-basin 7769.1 65 73341
2b Brahmaputra sub-basin 917.2 0 9172
20 Meghna (Barak)sub-basin 101.3 0 1913

Subarnerakha 10.1 0.7 10,3
Brahmani-Baitarani 40.1 3.3 43_4
Mahanadi 108.4 11.3 119_7
Godavari 36 23.4 5g_4
Krishna 13.6 22.4 36 “
Pennar 3.9 7.2 11_1

9 Cauvery 39.1 3.3 42_4
10 Tapi 4.3 3.2

(X1\|O3U'l-l>(».)

Mahi 9.7 2.9 125
13 Sabarmati 25.5 2.7 232
14 West Flowing Rivers of Kachahh and Saurashtra including 103.1 10.1 113.2

Luni.

West Flowing Rivers south of Tapi 5.4 5.8 11_2
East Flowing Rivers Between Mahanadi and Godavari.

17 East Flowing Rivers Between Godavari and Krishna. K 34.4 J { 6.9] [ 41.3;
18 East Flowing Rivers Between Krishna and Pennar.

19 East Flowing Rivers Between Pennar and Cauvery. [ J [ 9] E 66] _

20 East Flowing Rivers south of Cauvery. ' '

21 Area of North Ladakh not draining into lndus Not Assessed
22 Rivers draining into.Bang|adesh Not Assessed

i 23 Rivers draining into Myanmar. Not Assessed
24 Drainage areas of Andman, Nicobar and Lakshadweep Not Assessed

Islands.

Total 10633.00 ' 179.0 ' 103121)

.\uI1I't'('.‘ Sue !e.\'t.

\'0re: I . The estimates ur'e_f0r' the ac/zrrje/" :0nes below the :0ne ofwater table zrcrucrtr'0/1. ,
2. //1-storage grozmd water resource I l'0/rune ofaquifer zones x specic yield.

The Indo-Gangetic alluvial plain, with an area of around 25,000 kmz, is one of the largest
ground water resen/oirs of the world. The Oil and Natural Gas Commission and Oil India Limited have
carried out seismic surveys, geological mapping and exploratory drilling. In 1986, a World Bank
Consultant conducted a study on the depth of occurrence and thickness of fresh water aquifers,
utilising the ndings of ONGC. It was found that there are good prospects of encountering deep fresh
water aquifers under very high hydrostatic pressure, which may be tapped as free owing without any
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whole. While estimating demand by different sectors, aspects of management and technology are

given due consideration. Also, international and Indian norms and standards have been taken into

account. Likely changes in technologies as well as in socio-economic environment have also been

considered. State-wise and Basin-wise water requirements have also been made with some additional

assumptions.

3.8 Water Requirement For Irrigation

Water requirement for irrigation is a derived demand. The key determining variables are:

Requirement for food production,
Requirement for non-food production,
Efciency of water use, and

Productivity per unit of land.

We are of the view that food self sufciency and to some extent export of food and non-food

agriculture produce is essential for the country from both strategic and socio-economic considerations.

The case for food self sufciency has been propounded by several authors and rests mainly on four

arguments; (I) unreliability of foreign source of food supply for a large country like India, (ii) foreign

exchange constraints in case of large scale imports, (iii) potential of augmenting food supplies by

improving existimg low yields, and(iv) income and employment considerations for the large workforce

dependent on foodgrain production. The case of augmenting exports, especially of the so called

commercial crops, rests on the comparative advantage this country has in production of several non-

food agricultural commodities due to its diverse climate and land resources. The overriding

consideration in estimation of water requirement for irrigation is self sufciency in food production at

national level. The Commission is also of the view that the present ratio of food and non-food

productions in terms of area sown, that is 70:30 and 66:34 for irrigated and unirrigated cropped areas

is sustainable from physical and socio-economic considerations.

Requirement of food production would mainly depend upon the country's population, per capita

income and changes in dietary habits.
\

Population Growth : There are a number of estimates and projections of future population growth. We

reviewed some of the important studies in this area, namely short and long-term population forecasts

by Natarajan (1993), United Nations (1995, Revised estimates), Registrar General of India (RGI 1996)

and Visaria.L and Visaria.P (1996) ( See Table 3.12).
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are all likely to keep a check on the rural-urban migration. Keeping all these factors in view, we have
estimated 646 million and 971 million as lower and upper estimates of urban population in the year
2050. A consolidated picture of the total population and its urban and rural segments is presented in

the Table 3.13.

Table - 3.13

Projected Population and Urban and Rural Break-up
(in million)

Particulars Pqgylatiog Populgjgn in the Year
Size 2010 2025 2050

Hiqh@ Low* High Low High Low

Population 1146 1157 1333 1286 1581 1346
Rural 759 790 730 810 610 700

Urban Total 387 367 603 476 971 646

Classl >100,000 258.13 238.55 361.8 261.8 485.5 290.7

Otherthan Class I:

Class ll + lll 20,000-100,000 90.17 88.08 150.75 119.00 242.75 193.80

Class IV - VI <20,000 38.70 40.37 90.45 95.20 242.75 161.50

Total of Other than Class l 128.87 128.45 . 241.20 214.20 485.50 355.30

Source.‘ See text.
@ As per l/isaria & Visaria
* As per UN (Low Variant)

Projection of Demandfor Food: In 1990-91, India produced 176.4 million tonnes of foodgrains

including 162.1 million tonnes of cereals and 14.3 million tonnes of pulses. The availability for human

consumption after netting for seed, feed and waste and after accounting for imports and changes in

stocks was around 145 million tonnes. In urban areas, cereal consumption seems to have stabilized at

about 135 kg per capita per year, while it has actually declined in rural areas from 185 to 175 kg per ‘

capita per year during the last two decades. Diets have become more diversied with increasing

shares of the food budget allocated to milk, eggs and livestock products. Milk consumption, in

particular, has grown very fast, averaging about 6 per cent per year in recent years.

The average household still spends about 60 per cent of its total budget on food with cereals

accounting for about 35 per cent of this share. The small amount of cereals fed to livestock reects low

budget shares for livestock products, and also a high reliance on crop by-products, household waste,

and open grazing for feeding livestock. Cereal demand has not grown as rapidly in recent years as

many experts had previously expected. Several studies had predicted that total cereal demand in India

will exceed 200 million tonnes/year by year 2000. In 1998-99, the country had reached the level of 200

million tonnes, with no appreciable shortage at macro level. The Commission, therefore, wanted to

examine the likely demand for food for the year 2050 in some what greater detail. Apart from the

estimates prepared by Bhalla and Hazel for their ongoing study on “Prospects for Balancing Food Needs

with Sustainable Resource Management" (under the auspices of the International Food Policy Research

Institute-IFPRI), the Commission sponsored a special study on food demand projection by C. Ravi.

These demand projections, namely the one by G.S.Bhalla and Peter Hazel and the other by

C. Ravi have been examined in detail by us. Bhalla and Hazell have made projections of food-demand

upto year 2020. They have considered alternative scenarios for income growth, livestock feeding

practices, and reduction in poverty. The study also made certain assumptions about population growth,

the rate of urbanization, and consumer's expenditure elasticities. The study considered three scenarios

50. 
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6 Fallow Lands:

In view of the recent trends in food consumption and considering socio-economic factors, the
Commission has accepted the food and feed demand projected by Ravi with yearly growth rate 4.5 per
cent per capita expenditure. This amounts to 194, 218 and 284 kg of foodgrains per head per year for
the years 2010, 2025 and 2050 respectively.

Using the high and low population projections for the country (see Table 3.13) and per capita
per annum food requirement discussed above, the total food requirement for the country has been
estimated between 449 Million Tonnes (High Demand Scenario) and 382 Tonnes (Low Demand
Scenario). Feed requirement, losses in storage & transportation, seed requirement and carry over for
years of monsoon failure in the country have been estimated at 12.5 percent, of the foodgrain
production. The consolidated picture is presented in Table 3.15.

Table - 3.15

Projected Foodgrain and Feed Demand
(in million tonnes)

Demand Years
2010 2025 2050

High Demand 4224 291 449
Low Demand 222 280 382
With addition of seed, feed. wasta_ e etc.
High Demand 247 320 494
Low Demand 245 308 420

SO11/‘C6.’ See text.

Projected Lam! Use: With the goal of food self—sufciency at macro level, the demand estimates

were converted into the domestic supplies, the latter being a factor of arable area and yield per

hectare. Out of total geographical area of 328.73 Mha of the country, the land area is only 297.319

Mha. Following is the land use pattern for the latest available year (See Table 3.16) :

Table - 3.16

Land Use Pattern for the Year 1993-94
(in 1000 ha)

S.No. Particulars Area
1 Total Geographical area 328726
2 Reporting area 300358
3_Forest 6'8Z'2‘l
4 Area not avail55le for cult?-Jation:

a.Area puo non-agricultural uses 2'2'0'3'5

b.Barren and Unculturable 18975

5 Other uncultivated land excluding Fallow Lands
a.Permanent_Pastures and other grazing lands 11176

b.Land under miscellaneous tree crops & Grooves not
included in Net Sown Area. 3657
d. Culturable Waste Land 14468

a.Fallow lands other than current fallows 9703
b.Current Fallows 14333

7 Net Sown Area 142095

Source .' Ministry Q/'Agr1'cu/ture, Dz'/'ec-to/"ate ofEconomics & Statistics, New Delhi
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Table - 3.17

Irrigation Development According to Different Sources of Information
(1993-94) (in 1000 ha)

Data Surface Water I Ground Water Total

i) irrigation Potenti
Created

E3.

43271 41506 . 84777
(140 percent) i (1 10 percent) (124 percent)

1

1

ii) irrigation Potential 37534 i 38579 76113

Utilised (124. percent) (103 percent) (1 11 percent)

iii) Irrigation as per 30869 37498 68367 ,

_ Land Use Statistics (100 percent) I (100 percent) (100 percent) I

Source: Water and Related Statistics ,CWC, MOWR, New Delhi, July, I 998.

The gures of total Irrigation Potential Created and Irrigation Potential Utilised as reported by

Ministry of Water Resources are 124 and 111 percent of those of Irrigation by Source as reported by

Ministry of Agriculture. Large inconsistency is seen in data at state level. ‘

Further, there is a time lag of, say 3-4 years, between reporting of above data by the Ministry

of Water Resources and Ministry of Agriculture. While the latest gures of Irrigation Potential Created

and Utilised are reported for the year 1996-97, those of Irrigation by Source are reported for the year

1993-94.

While projecting requirements, we have used gures of Irrigation by Source for the year 1993-

94 as base line data.

Ultimate irrigation potential of the country is estimated at 140 million hectares, out of which

75.9 Mha would be from surface water and 64.1 Mha from ground water source. At that level irrigation

from surface and ground waters would be 54.3 and 45.7 percent of total irrigated area.

India which was an importer of foodgrains till the 1960s, has become not only self-sufcient but

emerged as a marginal exporter of foodgrains inrecent years. The production of foodgrains increased

from 51 million tonnes in 1950-51 to 200 million tonnes in 1998-99. It is estimated that increase in

irrigation facililities alone has contributed to about 52 percent increase in foodgrains production.

Improved input management and agriculture practices and high yielding varieties have contributed to

48 percent increase in additional foodgrains production (See Table 3.18).

Cropping Pattern: In general cropping pattern in the country has witnessed important changes. Among

foodgrains, from 1950-51 to 1992-93, area under wheat has increased by six percent, while areas

under jowar, barley and gram have decreased. Among non-food crops, areas under sugarcane, fruits

and vegetables and oilseeds have increased by one, two and six percent respectively over the same

period.

Although there have been signicant changes in the proportion of area under various

foodgrains, the ratio of area under foodgrains and non-foodgrains has remained more or less static at

2:1. The area under foodgrains was 67 percent of the total cultivated areaof 186.45 Mha in the year

1993-94 . It is assumed that the same proportion will continue through the reference period.
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Table — 3.19

Land Use Projections for Estimation of Food Production
Under Two Scenarios (High Demand Scenario and Low Demand Scenario)

S.No. Particulars Year 2010‘ Year 2025 Year 2050 ’

1. Net Area Sown - Mha 143.0 T 144.0 145.0

2. Cropping Intensity - percent 135 140-142 150-160

3. Percent of Irrigated to Gross 40-41 45-48 52-64 |

Cropped Area l

4. Percent of Irrigated Foodcrops Area 70 ‘ 70 70

to Gross Irrigated Area i

5. Percent of Rainfed Foodcrops Area 1

to Gross Rainfed Cropped Area 66 66 66 1

6. Percent of Surface Water Irrigation
to Total Irrigation . 47 49-51 54.3

;\V0le." l.F00d crop area inclzza/es area under a//fo0a'-equivalents i.e. horliczi/lure, etc.

2. The range against several rows depict the low and high values corresponding to Low Demand and High Demand cenarios.

Current Foodgrain Y/e/as and Yield Potential: Statewise land use, irrigation and foodg rain

production gures are available for 1993-94 and are shown in Table 3.20.

Table - 3.20

Statewise Land Use, Irrigation and Foodgrain Production - Year 1993-94

S.

No

States Sown Area Irrigated Area Net Foodgrain Production

irrigated Year 1996-97

Gross Net Gross to Gross Net Gross to to Net Produ- Area Yield

Net Net sown ction

area

1000 ha 1000 ha % 1000 ha 1000 ha % % 1000 t 1000 ha tlha

_\

2 3 4 5 s 1 a|9|10|11|12

_>

Madhya Pradesh 24829 19740 126 5529 5346 103 27 19565 14281 ‘ 1 .370

I\)

Maharashtra 21361 18021 119 3262 2680 122 15 14548 13793 1.055

(.0

Uttar Pradesh 25545 17250 148 16364 11564 142 67 42429 20471 2.073

A

Rajasthan 19254 16232 1 19 5595 4597 122 28 13045 12892 1 .012

(J1

Andhra Pradesh 12688 1 1041 1 15 5052 3890 130 35 12628 6947 1 .818

O3

Karnataka 12432 10790 1 15 2971 2327 128 22 9335 7406 1.260

\|

Gujarat 10672 9391 1 14 3087 2540 1 22 27 4943 3894 1 .269

O0

Bihar 9748 7267 134 4212 3453 122 48 13813 9339 1.479

(D

Orissa 9747 6303 155 2510 2090 120 33 ! 4786 8653 0.553

10 Tamil Nadu 7158 5901 121 3544 2799 127 47 7529 4203 1.791

11 West Bengal 8680 5459 159 2491 1911 130 35 12885 6039 2.134

12 Punjab 7623 4214 181 7238 3927 184 93 21566 5691 3.789

13 Haryana 1 5815 3513 166 4515 2663 170 76 11369 4057 2.802

14 Assam 3817 2706 141 572 572 100 21 3676 2853 1.288

15 Kerala 3042 2238 136 413 324 127 14 873 481 1.815

16 Jammu & Kashmir 1080 736 147 444 312 142 42 1687 845 1.996

17 Himachal Pradesh 975 572 170 171 100 171 17 1538 911 1.688

18 Tripura 460 277 166 60 35 171 13 N.A. NA. N.A.

All India 186420 142095 131 68367 51452 133 36 198170 123988 1.598

Source." Water and Re/aled Statistics. CWC MOWR, New De/hi, July. I998.
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Depth and Efciency qf Irrigation .- The Irrigation Commission (1972) while estimating water
requirement for irrigation assumed an average value of delta(or irrigation depth) as 0.76 m at national
level for surface and ground water combined. Subsequently, the National Commission on Agriculture
(1976) assumed that on an average 0.65 ham of ground water is required to irrigate a cropped
hectare, and 0.9 ham if the source is surface water, as conveyance losses are higher in the latter.

The Net Irrigation Requirement (NIR) varies with the crop, climatic factors, effective rainfall
during the crop growing period etc. There are a number of theoretical approaches which also take into
account climatological factors. The Gross Irrigation Requirement (GIR) or “Delta” i.e. depth of irrigation
at canal head is a function of Net Irrigation Requirement (NIR) and efciency of conveyance of water
through irrigation channels and application of water in the eld. It may be dened as:

GIR = NIR / (Conveyance Efciency x Application Efciency)

= NIR/ Overall Irrigation Efciency

Conveyance and application losses, that is eld losses contributing to overall irrigation efciency
from source to eld application, are expected to vaw widely with the type of strata through which
canal system passes, material used and quality of work in the canal lining, preparation of the eld, type
of soil, stream size and method of irrigation. Although no national level assesssments of overall
irrigation efciencies from surface and ground water are available, the Commission is of the view that
35 - 40 percent efciency in surface water and 65 - 70 percent efciency in ground water will be a fair
approximation. With the increasing economic value and pressure on water supplies, improvement in
overall irrigation would most likely take place in course of time. The Commission assumes that it should
be possible to achieve the following (Table 3.23) levels of irrigation efciency over time:

Table - 3.23

Projected Overall Irrigation Efficiencies

Year 2010 Year 2025 Year 2050

Surface Water(percent) 40 50 60

Ground Water(percent) 70 72 75

NIRs for each block/district in the country have been estimated for prevailing cropping pattern
using climatological approach by the concernred Agriculture Departments/Agriculture Universities and
are reported in “Ground Water Resources of India" published by the Central Ground Water Board in

1995. The national weighted average value of NIR is estimated as 0.36 metre. The national weighted
average values of GIR based on estimates of efciency indicated in Table 3.23 would be as shown in

Table 3.24.
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We have estimated that by the year 2050, the water requirement for irrigation will be around
628 km3 for low demand and 807 km3 for high demand.

3.9 Water Requirement for Domestic Use

Suggested Norms: Various standards have been suggested for estimating water requirement for
human use. Gleick(1997) has estimated 50 litres per capita per day (lpcd) as the basic human need.
The World Health Organization (WHO) has suggested a target of 200 lpcd water supply in urban
areas. A variety of factors affect water use in rural and urban areas. These include population size of a
habitat, economic status, commercial and manufacturing activities. A host of other factors like climate,
quality, technology, costs and conservation needs inuence these requirements. Desirable and feasible
norms can be established by reviewing past performance and modifying these on the basis of equity
and sustainability.

Water supply norms of urban population listed by the Zakaria Committee (1963) varied between
67.5 lpcd and 270 lpcd. The Manual On Water Supply and Treatment (1976) by the Central Public
Health and Environmental Engineering Organisation (CPHEEO) prescribed norms varying between 70
and 200 lpcd for urban areas. The National Commission on Urbanization (NCU) in its report (1988)
argued for more realistic targets. The Eighth Five Year Plan (1992-97) adopted the following norms for
water supply :

1. 125 lpcd for urban areas where piped water supply and underground sewerage system are
available.

2. 70 lpcd for urban areas provided with piped water supply but without underground sewerage.

3. 40 lpcd for towns with spot-sources/stand posts with one standpost for 200 families with a
maximum walking distance of 100 metres.

The rural water supply norms recommended by CPHEEO and the National Technology Mission
ranged between 40 and 70 lpcd. Since fresh water sources are very unevenly distributed , it is not
surprising that per capita water supply also varies widely ranging from 50 lpcd to 800 lpcd.

The existing national average of water supply, at the point of supply for Class I cities and class
II cities are 182 and 103 lpcd respectively (CPCB, 1990). While suggesting the norms for water
supply, the Commission has kept these standards in view. We suggest the nal goal of providing 220
lpcd for the urban areas and 150 lpcd for the rural areas. These goals would be achieved in a phased
manner as shown in Table 3.26.

Table - 3.26

Norms for Domestic Water Supply at Different Points of Time

(in lpcd)

Population Type Year 2010 Year 2025 Year 2050
Class I Cities 220 220 220

55 70 150

Other than Class I Cities 150 165 220
Rural

Source." See text.
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The share in Gross Domestic Production (GDP) of Industrial sector was 21.5 and 23.3 per cent

respectively in the years 1991-92 and 1996-97.The industrial sector has recorded the compound
growth rate of 4.6 percent from 1970-71 to 1979 -80 and 6.6 percent from 1980-81 to 1989-90 at
constant prices. Its future growth is likely to be accelerated.

For understanding the industrial scenario of the country, Planning Commission has divided the
industries into 17 categories. The same categorisation has been considered by us for estimating water
requirement for this sector.

The projected production gures for 2002 in the Ninth Five Year Plan were used as base gure.
The overall rate of growth for all sectors of industries was assumed as 9 percent. The rates for the
growth of each sector, as observed from the draft Ninth Plan document, were adopted for working out
the future production capacity of the various industrial sub-sectors. For sensitivity analysis, production
capacities for low and high scenarios have been considered as 95 percent and 105 percent of the
original estimates. The analysis did not yield any substantial difference to the original estimates.

The per unit water consumption gures are based on information available with the Central
Pollution Control Board (CPCB) and the information obtained from different associations of industries.
In some cases, a reputed industrial unit was contacted for obtaining the per unit water requirement
of that particular sector. Sliding scale of water requirement has been adopted in view of the likely
emergenceof water saving technologies.

The water requirements for industrial development estimated by the Commission are 37 km3,
67 km3 and 81- 103 km3 for the years 2010, 2025 and 2050 respectively. The requirement of 103 km3
in the year 2050 corresponds to the present rate of use of water, whereas the requirement of 81 km3
in the year 2050 assumes signicant breakthrough in adoption of water saving technologies for
industrial production. We have used the latter gure in our estimates of total water requirement for the
year 2050. 70 percent of water requirement is expected to be met from surface water sources and
remaining 30 percent from ground water sources.

3.11 Water Requirement for Power Development

Power Scenario: Another important developing sector of economy using substantial quantity of
water is Power Sector. The installed generating capacity, which was only 1,362 MW in 1947, has
increased nearly seventy fold, to 92,281 MW, by March, 1999. Coal, oil, gas and hydroelectric potential
constitute the conventional sources for electricity generation in the country. Of these, coal-based
thermal power plants and, in some regions, hydro-power, have been the mainstay of electricity
generation. Oil, natural gas and nuclear power account for a smaller portion of total power supply
(from the installed capacity). The percentage of installed thermal, hydel and nuclear power station
capacities are around 73, 24 and 3 respectively. Hydro-electricity has still vast untapped potential.

According to the surveys carried out during the years 1978 to 1987 by the Central Electricity
Authority (CEA), 845 economically feasible schemes have been identied in the various river basins of
the country with a total hydro electric potential of 84,044 MW at 60 percent load factor.

On account of economy in power generation from coal on the one hand and high initial
investment and long gestation period in construction of hydel schemes on the other, there is little
doubt that coal-based generation will continue to be the mainstay of India's power sector for the
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The details of projected installed capacity, norms of consumptive water use and water
requirements are given in Table 3.28.

Table - 3.28

Estimate of Water Requirement for Power Sector

S.No. Category 2010 2025 2050
Low Scenario High Scenario Low Scenario High Scenario Low Scenario High Scenario

Installed Capacities - Mw

_;

Thermal 118,004 130,426 392,664 433,977 2,008,034 2,219,406

|\)

Hydropower 63,512 70,198 79,800 88,200 79,800 88,200

O0

Nuclear 10,213 11,288 39,777 43,964 , 129,248 142,853

-B

Solar/\/\And 2,138 2,363 6,498 7,182 21,100 23,321

U1

Gas based 3,377 3,733 12,315 13,608 39,995 44,205
Total 197,244 218,008 531,054 586,931 2,278,177 2,517,985

I Norm for Water Requirement(0.001km 3/Year/100Mw)

_\

Thermal 2.38 2.63 2.00 2.21 1.43 1.58

l\)

Hydropower LS LS LS LS LS LS

(,0

Nuclear 2.85 3.15 2.85 ‘ 3.15 2.85 3.15

U1-b

Solar/Vlnd 0.17 0.18 0.17 0.18 0.17 0.18
Gas based 0.45 0.49 0.45 0.49 0.45 0.49

Total Water Requirement (km 3/Year)

_\

Thermal 2.81 3.43 7.85 9.59 28.71 35.07

(»J|\)

Hydropower 15.00 15.00 22.00 22.00 30.00 30.00
Nuclear 0.29 0.36 1.13 1.38 3.68 4.50

A

Solar/vlnnd 0.00 0.00 0.01 0.01 0.04 0.04

U1

Gas based 0.02 0.02 0.06 0.07 0.18 ~ 0.22
Total 18.1 18.8 31.1 33.1 62.6 69.8

Source: see text.

According to CEA, the water requirements for the thermal plants likely to be commissioned by
the end of 11th Five Year Plan i.e. 2012 AD would be 5 km3. Considering nine percent annual growth
of demand of energy, the water requirements at the end of 2025 AD and at the end of 2050 AD for
thermal power plants shall be of order of 15 and 30 km3 respectively.

3.12 Water Requirement for Inland Navigation Development

Navigation Scenario: Navigable waterways in India, comprising of river systems, canals,
backwaters, creeks and tidal inlet, extend to about 14,500 Kms. Most waten/vays, however, suffer from
navigational inadequacies such as shallow waters, narrow width, siltation and bank erosion. Moreover,
vertical and horizontal clearances at overhead structures are not adequate for navigation throughout
the year. Consequently, at present about 5,200 kms of major rivers and 485 kms of canals are
considered suitable for mechanised crafts. .

The total cargo moved by inland waten/vays transport is about 16 million tonnes equivalent to
just one billion tonne kms per annum, compared to total inland cargo of about 900 billion tonne kms
per annum.

The Bhagwati Committee identied 56 navigable waterways in 12 states of the country.
Following ten waterways were identied as National Waten/vays by the Committee:
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3.12 Water Requirement For Flood Moderation

In many places, construction of dams has caused flood moderation in the down stream areas
Large areas which were regularly flooded prior to construction of dams, have now become less prone
to flooding. Subsequently, on account of un-regulated development, major obstructions in the
waterways were created and settlement also took place on low banks. Due to these developments, in

the event of high floods, regulation of ows from reservoirs located up-stream, though not planned
originally, has become essential for protecting the lives and properties. Thus, it became necessary to
earmark some storage capacity for moderating the releases. The earmarked capacities are kept empty
during early part of monsoon season and later allowed to be used for storing the river flows. Any part
of earmarked storage lying empty after monsoon season is over, is termed, by many, as equivalent
quantity of water utilised for ood control.

The Commission feels that situations in which storage capacities are reserved for ood control
purpose are casual in nature and would require either creation of additional storage or other suitable
flood control measures and not additional water and, therefore, has decided to provide nil water
requirement for ood moderation.

3.13 Water Requirement for Environment and Ecology

Importance aml Need .- In the earlier period with less of population and consequently less of
related activities, nature could cope with whatever damage was inicted on the resources, quickly
restoring the balance. But in recent times, with the growth of human number and multiplication of
human wants and consequent activities, the restorative capacity of nature and the environment is

being continuously depreciated, affecting the quality of life on the planet Earth. Ecology is now
concerned not only with living elements, but also with their interrelationships with society and culture
Prevention of environmental degradation and degradation of natural resource base is essential for
sustainable development.

The negative environmental consequences are caused due to deforestation, soi

erosion,unplanned industrialisation, indiscriminate use of fertilisers and pesticides in agriculture,
droughts, floods, water logging, water pollution, heavy population growth, large scale poverty etc
Global climatic change and atmospheric pollution could also have an impact on fresh water resources

and their availability. Protection, enhancement and restoration of water quality and abatement of water
pollution are necessary for providing not only safe drinking water and maintaining and improving
human health but are also important for sustaining land quality, agriculture and industrial production,
in fact, socio-economic growth as such.

Increasing paucity of water and aggravated pollution of water resources are the major
ecological concerns. Dense forest cover which was estimated at 40 percent of land area in the last

century is now reduced to less than 14 percent. Most of the rivers now carry polluted water during a

major part of the year.

Two types of water requirement have been considered for the purpose of environmental
protection viz. (a) for afforestation and tree planting and (b) for abatement of water pollution and

maintaining water quality safe for drinking and other uses in the streams/rivers and other water
bodies.
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Estimation of fresh quantity of water needed for managing ecological standards for all water
bodies including lakes and rivers on sustainable basis is not possible at present. Even the quantity of
water required for dilution and treatment of sewage in all the rivers in the country, is just not
available. Alternative methods will have to be evolved and operationalised.

In view of aforesaid considerations, we decided to make token provisions of 5 km3 , 10 km3

and 20 km3 of water for this purpose for the years 2010, 2025 and 2050 respectively. It is suggested
that periodic reassessment of this requirement should be made taking into account all relevant data on

sources and extent of pollution, technologies, and institutional arrangements.

3.14 Water Requirement to Compensate Evaporation Losses From Reservoirs

Evaporation from reservoir surface is well known phenomenon. It renders equivalent quantity of
water non-available for use. To avoid chances of multiple accounting, the Commission has decided to
exclude component of reservoir evaporation from water requirement of different sectors and provide
the same separately.

Norms: Quantitatively loss of water due to evaporation from reservoir depends to a large extent
upon reservoir geometry, actual water surface area during the period of storage and the rate of pan-

evaporation. On account of complexities in estimation of aggregate evaporation from reservoirs, rate of
evaporation from reservoir is, generally, quantied or dened in terms of percent of reservoir capacity.

The Technical Advisory Committee of National Water Development Agency has prescribed a

norm of evaporation losses from reservoirs as 20 per cent of withdrawals. This approach is difficult to
follow for calculating national level estimate of evaporation losses from reservoirs as the data of
withdrawals from all reservoirs are not available.

1

The Commission has decided to adopt the alternative method of estimation of reservoir

evaporation based on live storage capacity. Using evaporation data of 29 major and medium

resen/oirs(provided by NWDA), a national average value has been estimated as 15 percent of live

storage capacity. Evaporation losses from minor projects have been taken as 25 percent of their live -

capacities.

3 3
Water Losses: The evaporation losses from reservoirs have been estimated to be 42 km , 50 km and 76

km3 by the years 2010, 2025 and 2050 respectively. Details are shown in Table 3.29.

Table - 3.29

Water Losses Due to Evaporation

(Quantity in km3)

Particulars 1997 2010 2025 2050

Live Capacity-Major storage 173.728 211.439 249.15 381.5

Live Capacity-Minor storage 34.7 42.3 49.8 76.3

Evaporation from major Res. @ 15 % of live capacity 26.1 31.7 37.4 57.2

Evaporation from minor Res. @ 25 % of live capacity 8.7 10.6 12.5 19.1

Q Total Evaporation loss 35 42 50 76

Source: See text.
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If the country desires to irrigate all cultivable land at 100 per cent intensity of irrigation by the
year 2050, the water requirement for irrigation in the year 2050 would be 1451 km3 and the total water
requirement will be 1,824 km3. This is a hypothetical scenario.

3.16 Basin and State Water Requirements

It was pointed out earlier that there are vast differences in availability of water from one basin

to another. This is also true of availability of water in different states. As the basic unit of an

integrating water plan would be a basin or a state, it is important to analyse the water balance

between availability and requirement on a basin/state level. The Commission has estimated the water

balance basin-wise and water requirements state-wise for years 2010,2025 and 2050 for low and high

demand scenarios. It may be reiterated that the overarching objective of this exercise is achievement

of food self sufficiency at the national level.

Basin and State Water Requirements for low and high demand scenarios have also been

estimated on the following assumptions:

~ The projected net sown area for each basin/state has been estimated in proportion to actual net

sown area of the basin/state during 1992-93 keeping the national net sown area between 143 and

145 Mha.

- The projected basin/state population has been estimated in proportion to their respective

population in 1991.

o Basin/state water requirements for industries and energy development have been estimated by

averaging the water requirements computed on the basis of national averages of per capita and per

ha of geographical area.

Besides, specic assumptions had to be made to estimate basin-wise and state-wise projection

of water requirements. The basin-wise study assumed:

e Basinwise land use, irrigation and other data have been computed from available state-wise data in

proportion to the area of the state falling in the basin.

- The projected average gross depth of irrigation for each basin has been estimated by averaging the

value for each state falling in the basin.

- The projected foodgrain yield of each basin has been estimated by averaging the value of each

state falling in the basin.

- Proportion of gross irrigated to gross cropped area and proportion of irrigation from surface and

ground waters have been adjusted,while keeping the overall surface and ground water

surplus/decit in each basin nearly in equal pl'OpOl'tlOl'l to utilisable water resources.

Similarly, State-wise Estimates were based on:

- Percentage of gross sown to net sown area, percentage of gross irrigated to gross cropped area

and proportion of irrigation from surface and ground waters have been adjusted while keeping

the overall gap between ultimate and projected irrigation potentials of each state from surface and

ground water in nearly equal proportion.
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For other basins and all states, the return ow from sun’ace and ground water irrigation has

been estimated depending on overall irrigation efficiencies. Following Table gives percent of return

ow to the water delivered for irrigation from source( i.e.GIR ).

Table - 3.31

Return Flow As Percentage of Irrigation Supplies

(in percent)

15 \

Source of Water Surface Water Ground Water

Year 2010 2025 2050 2010 2025 2050

Overall irrigation Efficiency(%) 40 50 60 70 72 75

Return-flow as % of GiR 36 30 24 18 17

Ninety percent of return flow from irrigation is expected to contribute to ground water source

and balance 10 percent to surface water source.

Return Flaw from Domestic & Municipal Use: The Commission has estimated return flow from

urban and rural uses at the rate of 50 percent of supplies. It is expected that 85 percent of the return

flow would go to surface water source and balance 15 percent to ground water source.

Return Flow from Industrial Use: The return ow has been estimated at overall average of 50

percent of the supplies, all of which is expected to contribute to surface water source.

Tatal Estimated Return Flow: The quantities of utilisable return flow from various sectors has

been estimated to vary between 213 km3 to 259 km3 in the year 2050 as shown in Table 3.32:

Table - 3.32

Return Water - Available For Reuse

(Quantity in km3]l

Source Year 2010 Year 2025 Year 2050

Low High Low High Low High

Ground Water l

irrigation i 141 145 123 136 115 147

Domestic Water Supply 3 3 4 5 7 1 8

Total of ground water 144 148 1
127 141 122 155

.Surface Water
irrigation 16 16 14 15 13 17

Domestic Water Supply 18 18 23 26 38 47

industrial Effluent 18 18 33 33 40 40

Total of Surface Water 52 52 70 74 91 104

Grand Total 196 200 197 215 213 259

Less existing Return Flow 90 90 90 90 90 90

Additional Return Flow 106 ‘ 110 107 125 123 169

Source: See text.
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Table — 3.33
Utiiisable Water, Requirement and Return Flow

(Quantity in km3)

5-N°- Particulars Year Year 2010 Year 2025 Year 2050
1997- Low High Low High Low High

98 Demand Demand Demand Demand Demand Demand

1

1 Utiiisable Water
a. Utiiisable Surface

b.Utilisable Ground
Water 396 396 396 396 396 396 396

c.Existing Augment-

anon Frnrn Canal 90 90 90 90 90 90 90
Irrigation

Total of (a+b) 996 996 996 996 996 996 996
2 Total Water Requir-ement - based on

a.National Average :

Surface water 399 447 458 497 545 641 752

Ground water 230 247 252 287 298 332 428

Total 629 694 710 784 843 973 1180

b. Basin Study:

Surface water Not Assessed 642 751

Ground water Not Assessed 331 429

Total Not Assessed 973 1180

c. State Study:

Surface water 448 457 496 546 641 751

Ground water 246 251 287 297 332 427

Total 694 708 783 843 1 973 1178

3 Return Flow based on:
a.National Average :

Surface Water

Ground Water
Total

b. Basin Study:

Surface water Not Assessed

Ground water Not Assessed 148 186

Total Not Assessed 241 293

c. State Study:

Surface water

Ground water

43 52 52 7O 74 91 104

143 144 148 127 141 122 155

186 196 200 197 215 213 259

52 53 70 75 92 104

145 148 128 141 122 155

Total 198 216 214

4 Residual Utiiisable Water ( 4 =1 - 1( c ) - 2 + 3) Balance based on:
a.National Average 1

Surface Water
Ground Water
Total

b. Basin Study:

Surface water Not Assessed 141 46

Ground water Not Assessed

Total Not Assessed 264

c, State Study:

Surface water 294 286 264 219 141 43

Ground water 205 203 147 150 96 34

Total 4

Note : 1. The tota/ ut///sab/e water resources do not take into account ///re/y reduction in ut/7/sab/e surface water resources due

to reservoir sed/mentat/on which is est/mated to be about 17percent of the total //ve storage capacity by year 2050.

. 74

1

123 63 '

109 Ii

93 107 '

259 ‘

219 203 202 146 149 96 33 K

690 690 690 690 690 690 690 ‘

1

334 295 284 263 ‘ 219 140 42 >
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large size. In 1867, Government adopted the practice of accepting works which promised a minimum net

return. Thereafter, a large number of projects were taken up such as the Sirhind Canal, the Lower Ganga

Canal, the Agra Canal, the Mutha Canal, Periyar Dam, the Lower Swat Canal, the Lower Soliag Canal, the

Lower Chenab and the Sidhnai Canals. Owing to frequent droughts and famines during the second half of

the 19th century, irrigation development received special attention. Some of the protective works

constructed during the period were the Betvva Canal, the Nira Left Bank Canal, the Gokak Canal, the

Mahaswad Tank and the Rushikulya Canal. The total irrigated area towards the end of the 19th century,

both by public and private works, was around 13.2 Mha of which 56 percent constituted the public

works. Sourcewise, canals irrigated 45 percent, wells 35 percent, tanks 15 percent and other sources ve

percent of the area.

The First Irrigation Commission was appointed in 1901 to report on irrigation as a ‘means of

protection against famine in India‘. Prior to setting up of this Commission, a few Famine Commissions

had been set up and those Commissions had also recommended the development of irrigation works to

contain the adverse impact of frequent famines. However, it was only after the appointment of the First

Irrigation Commission that a number of ambitious construction programmes were taken up to ght

famine. The Commission in its Report recommended nancial yardsticks for taking up famine relief

and protective works. It also made a thorough review of irrigation development in the provinces and

recommended proposals for new schemes. The more important public works recommended by the

Commission included Chankapur storage on river Girna, Maladevi storage on river Pravara, storage works

on the rivers Ujjani and Ghataprabha, improvement of Kurnool-Cuddapah Canal, storage works on rivers

Cauvery and Krishna, the Ken Canal, the diversion of Sarada waters into the Ganga above the Narora

weir and location of suitable storage sites on the rivers Sabarmati, Mahi and Narmada.

It was also recommended that a number of small works could be conveniently taken up for

famine relief for various provinces. The Commission attached considerable importance to the

development of private irrigation works and recommended that grants-in-aid be provided for land

improvement works including wells in the tracts affected by famine and reducing the rate of interest on

loans to ve percent.

Almost all the major recommendations made by the First Irrigation Commission were

implemented by the Government, in full or with some modications. Although the First Irrigation

Commission attached great importance to protective works in famine stricken areas, interest in them

gradually tapered off.

The Second Irrigation Commission was set up by the Government of India in 1969, under the

Chairmanship of Shri Ajit Prasad Jain, the then Member of Parliament. The terms of reference were (a) to

review irrigation development in India, (b) to recommend essential irrigation works in the chronically

clrought affected areas and food decit areas, (c) to draw up a broad outline of irrigation development

for achieving self sufciency in food crops and (d) to suggest criteria for sanction of irrigation projects.

That Commission inter-alia suggested the need for conjunctive use of surface and ground water,

preparation of complementary programmes covering engineering works, watershed management and

ayacut development and also recommended constitution of seven River Basin Commissions for the

whole country to oversee all water resources development. Keeping in view the social urges and the

demand for the removal of regional and social disparities, the Commission recommended construction of

minor works in a time bound framework in under—developed areas. In order that irrigation in India should

pay for itself, the Commission recommended that the water rates should be raised to a level sufcient to

cover the cost of maintaining and running the works and a reasonable rate of interest on investment. It
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h (1956-61) (6013.98) (2250.97) (306.24) (2557.21) (760.61) (9331.80)

% 1 (1966-69) (3943.90) (2993.10) (2153.96) (5147.06) (585.02) | (9475.98)

major and medium irrigation schemes received greater attention. Repairs and improvement to the minor

irrigation projects, as a part of integrated micro-development, also received encouragement. Similarly,

sprinkler and drip irrigation programmes and the conjunctive use of surface and ground water gained

momentum. The projects completed, along with minor irrigation and ground water development, have

created an estimated potential of about 90 Mha, by the end of the Eighth Plan.

Details of Planwise investment and potential created and utilized are given in Tables 4.1 and 4.2.

Table — 4.1

Magnitude & Composition of Investment through Plan Periods in

Irrigation and Flood Control Sectors

(Rs. in crore at current price level)

Major/ Minor Irrigation CAD Tota‘

ma" Medium Public Institution Total F'°°d °°"t’°'
Imgatlom Sector al Finance Finance

First 376.24 65.62 Ne H We 65.62 13.21 455.07

(1951-56) (7803.42) (1360.99) 9 g (1360.99) (273.98) (9438.39)

Second 380 142.23 19.35 161.58 48.06 589.64

Third 576 327.73 115.37 443.10 82.09 1101.19

(1961-66) (6674.84) (3797.82) (1336.94) (5134.76) (551.28) (12760.88)

Annual 429.81 326.19 234.74 560.93 41.96 1032.70

Fourth 1242.30 512.28 661.06 1173.34 162.04 2577.48

(1969-74) (7976.41) (3289.18) (4243.45) (7532.64) (1040.40) (16549.18)
l

Filth 2516.18 630.83 778.76 1409.58 298.61 4224.36

(1974-78) (12519.42) (3138.74) (3874.67) (7013.41) (1485.75) (21018.59)

Annual 2078.58 501.50 480.40 981.90 362.96 329.96 3753.40

(1978-80) (7949.67) (1918.02) (1837.32) (1388.16) (1388.16) (1261.95)) (14355.15)

Sixth 7368.83 1979.26 1437.56 3416.82 . 743.05 786.85 12315.55

(1980-85) (19625.50) (5271.39) (3826.67) (5100.06) (1978.97) (2095.63) (32800.16)

Seventh 11107.29 3118.35 3060.95 6179.30 1447.50 941.58 19675.67

(1985-90) (21207.15) (5953.87) (5844.27) (11798.14) (2762.85) (1797.76) (37566.77)

Annual 5459.15 1680.48 1349.59 3030.07 619.45 , 460.64 9569.31

(1990-92) (8125.60) (2501.29) (2008.78) (4510.07) (922.01) (685.63) (14243.32)

Eighth 21071.87 6408.36 5331.00 11739.36 2145.92 1961.68 36648.83

(1992-97) (31057.63) (9445.22) (7857.31) (17302.52) (3162.85) (2493.35) (54016.36)

i

l

19;}, ‘£2 2'28 e"d 52606.25 15692.83 13468.77 29161.60 5418.88 4856.67 91943.40

Current prices (132389.93) (39492.89) (3389577) (7338866) (13385.66) (12222.39) (23138659)

l

Ninth Plan

119974002) 43034 96 9314 84 - - 3012 79 1078 52 56441 11 *

(Anticipated at ' '
‘ ' '

current prices

* - Public Sector out/ays only
Source: Reports of the Working Groups ofNinth Five Year P/an.

Note: Figures within brackets above indicate the expenditure at constant prices of1996-97 /eve/.
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The Ninth Plan

The overall strategy of irrigation development and management during the Ninth Plan has the following
core ingredients :

o To improve water use efciency by progressive reduction in conveyance and application losses,

o To bridge the gap between the potential created and its utilisation by strengthening the Command
Area Development Programme (CADP), institutional reforms and promoting farmers‘ involvement in
irrigation management,

o To complete all the ongoing projects, particularly those which were started during pre-Fifth Plan and
Fifth Plan periods as a time bound programme to yield benets from the investments already made ,

o To restore and modernise the old irrigation systems which were executed during the pre-
independence period and 25 years ago,

v To introduce rational pricing of irrigation water, based initially on O&M cost and then to encourage
higher level of water use efficiency,

o To take concrete steps towards comprehensive and integrated development of natural water
resources, taking into account the possibility of inter-river basin transfer of surplus water,

o To promote adaptive research and development to ensure more cost effective and efcient execution
and management of irrigation systems, -

~ To promote Participatory Irrigation Management (PIM) with full involvement of the water user
community, which will be at the centre stage of implementation of above strategies of the Ninth
Plan,

- To encourage and implement the conjunctive use of ground and surface waters towards optimal
utilisation of water resource and to have its development environmentally sustainable as well,

o To accelerate the development and utilisation of ground water, particularly in the eastern region on
sound technical, environmental and economic considerations along with proper regulatory
mechanisms.

The physical targets set in the Ninth Plan are given in Table 4.3.

Table - 4.3

Targets ' Additional I Additional
Irrigation Utilisation,
Potential, Mha

Mha

Major/Medium 9.81 8.71

Minor 7.24 4.93

Source: Ministry of Water Resources and Reports of Work/ng Groups and N/nth
Five Year P/an Proposals of Various States.

The outlay xed for all irrigation projects in the Ninth Plan is Rs.56,441 crores. It is most unlikely
that the physical targets would be achieved with this order of outlay.
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{b) Ground Water Minor Irrigation Schemes

Out of the total water potential of 1,953 km3, ground water constitutes 432 km3 which is about
25 percent of the total. However, on utilisation side, the uses of ground water and surface water are
more or less equal. Ground water development got a boost after the spread of rural electrication and
the advent of high yielding varieties in the sixties. For all practical purposes, this sector is privately
owned and managed as the ratio of public tubewells to private tubewells is 1:73 and total number of dug
wells is about 10 million (all in private sector - year 1995).

About 50 percent of the total irrigation done in the countiy is through groundwater. It is seen
that the groundwater potential created has increased from 6.5 Mha at the end of the pre-Plan period to
44.35 Mha by the end of the Eighth Plan. The corresponding utilisation increased from 6.5 Mha to 41.50
Mha. The exploitation of groundwater has been quite uneven in the country and Gujarat, Tamil Nadu,
Punjab and Haryana are amongst the states where large ground water development has taken place. In
the eastern region, groundwater development is quite low, namely eight percent in Orissa, nine percent
in Bihar, 20.5 percent in Assam and 34 percent in Eastern Uttar Pradesh. Groundwater in this area is

available at a depth of 5 to 10 m. There is scope of exploitation of ground water by means of shallow
tubewells. However, copious rainfall has a negative inuence on the use of groundwater in the eastern
region because of ooding and low demand for about six to eight months in a year.

(c) Conjunctive Use of Surface and Ground Water

Source of water for both the surface and ground water is the same, namely precipitation.
Conjunctive use can be dened as management of all water resources in an area including surface and

ground water in harmonious manner such that the total water use in the area over a period of time is

optimised. Normally under such use, combined availability of water is more than the availability from
separate components of surface and ground water system. Conjunctive use mitigates the problems of
high water table and salinity resulting from canal irrigation and facilitates the use of high salinity ground-
waters by dilution which cannot othen/vise be used directly.

Command Area Development Programme

Q Presently there are 226 projects under this programme with a CCA of 21.95 Mha spread over 23

States and 3 Union Territories.

The components of the programme are on-farm development, construction of eld channels and

eld drains, land levelling and shaping and implementation of Warabandi (rotational water supply). The

components also include introduction of suitable cropping pattern, promotion of conjunctive use,

maintenance of drainage systems, modernisation and maintenance of micro systems.

The activities under the programme are funded from three sources, namely State outlays, Central

assistance on matching basis with states as grant or loan for certain selected activities and Institutional
nance. A few activities of the programme are eligible for Central assistance fully in the form of grants;
however, the nancing pattern for such Central assistance has been undergoing change over time. An

amount of Rs.1,991 crore has been released to the states as the Central assistance from‘ 1974-75 to
March, 1999.

Under the CAD Programme certain special activities are also taken up such as demonstrating
scientic technology covering scientic water management, land development, introduction of suitable
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Today, India possesses know-how of appropriate technologies in the development and

management of water resources in general and irrigation in particular suited to the conditions of

developing countries and is providing consultancy services in this sector abroad. Indian expertise was

enriched by IDA assistance by World Bank and by aid from other multilateral/bilateral agencies for

irrigation projects, initially on Project to Project basis but later on, on a programme basis.

While reviewing the performance of major and medium projects, the following issues have to be

mentioned:

Delays in construction of Projects

In the ve decades of planned development, 96 major irrigation projects and several hundred

medium projects were fully commissioned. Experience in implementation of the projects showed that

the gestation periods of the projects were unduly long leading to cost overruns of the projects.

Consequently, targets xed in many plan periods could not be achieved. Some of the reasons for non-

completion of projects according to the time schedules were :

- Proliferation of schemes, inadequate plan outlays and consequent thin spreading of resources

o Pre-emption of available resources by externally aided schemes

1 Cost and time overruns

o Inadequate planning & investigations and delays in planning implementation of distribution

systems

~ Increased provisions required for meeting the rehabilitation and environmental costs due to

greater awareness of their importance

- Delays in resettlement and land acquisition including transfer of forest land

- Non prioritisation of projects

The above issues are dealt with by us in the Chapters 9 and 10.

Rehabilitation and Environmental Issues.

The last decade has been characterised by fewer new starts and a slow down in implementation

of projects. Apart from the paucity of funds, this is also due to problem of rehabilitation and resettlement

of Project Affected Persons(PAPs). While the policies of rehabilitation and resettlement have been made

more and more liberal, there is still scope of further improvements. The National Rehabilitation Policy

which is under formulation, it is hoped, would address realistically all the concerns. The various issues

involved are discussed in the chapter on Water Quality and Environmental Aspects(Chapter 12).

Sedimentation of Reservoirs

This phenomenon is very important from the point of view of water available for utilisation from a

storage reservoir since sedimentation reduces the benets of a project after a certain period. This

subject has also become controversial as the opponents of large dams cite this as a negative

environmental factor.

Reservoirs built upto 1965 were designed on the basis of sedimentation rate of 3.57 to 4.76

ham per 100 km2/ year and the dead storage was generally designed to provide fully useful life of 100
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provide the only means of irrigation to the chronically drought affected areas. Where ow irrigation is

not economically feasible, lift irrigation schemes are planned. The need of the hour is to take a total

performance evaluation of the surface minor irrigation schemes in each state especially with regard to

silting, live capacity available, adequacy of irrigation net work including control structures and equity and

timeliness of supply of water. Based on this, a modernisation programme should be prepared.

Ground Water Minor Irrigation Schemes

These works comprise dug wells, dug cum bore wells, private tubewells and public tubewells

using electrical pump sets or diesel pump sets. Groundwater development achieved a spectacular

success with the potential increasing more than six times during the last 47 years. The development is

primarily achieved through individual and co-operative efforts with the help of institutional nance or

investment by farmers from their own savings and resources. The bulk of institutional nance is

mobilised through land development banks, commercial banks and State co-operative banks with

renance from NABARD. Public sector outlay hat. been very limited. Ground water exploitation involves

use of energy, which is also scarce and costly. Even so, in water scarce areas, tendency towards over-

exploitation is persistent. Admittedly, subsidised power for farming has given a boost to lift irrigation and

ground water development.

Monitoring and preservation of use-worthy quality of groundwater is an important aspect

which requires serious attention. Over-exploitation of groundwater leads to the deterioration of its

quality. Another source contributing to the deterioration is the deep inltration of surface water from

irrigated elds using chemical fertilisers and pesticides. Deep inltration from saline soils also adds to

the salinity of groundwater. Further, discharge of efuents from industries and sewage plants also nds

its way to the groundwater either through deep percolation from the ground surface or by seepage

outflow from the rivers and drainage channels into which such efuents are discharged.

The problem of inadequate and erratic supply of electric power for exploitation of ground

water has been a major one. Rural feeders need to be strengthened and power generation capacity

needs to be increased to meet the agricultural loads. The pumping of water with diesel sets has been

found to be quite costly - the cost is almost double that of electric pumping. All such measures, however,

need to be implemented under a proper legal framework of exploitation of ground water, otherwise

unregulated and reckless pumping will cause more damage not only to others who are deprived of water

but also to the farmers who pump excessive water. Legal issues regarding water including ground water

have been discussed in Chapter 8 on ' Legal and Institutional Framework‘. The data on ground water

extractions especially by private wel|s/ tubewells and ground water tables, quality of water and type of

water use are not reliable and there is need to evolve a satisfactory system.

Command Area Development

Evaluation studies sponsored by the Ministry of Water Resources in order to assess the impact of

CAD Programme reveal that there has been a positive impact of the programme on improvement in

irrigation water utilisation, increase in irrigation intensity and water use efciency, increase in agricultural

productivity and production, improvement in the soil and water environment through ‘efcient water

management and drainage activities etc.

Due to over—lapping of modernisation and other water improvement programmes being

implemented pari- passu with CAD programmes, it is difcult to determine the precise impact of CAD

programme alone, but it is clear from several case studies that the programme has made a contribution

to increase in utilisation, improvement of irrigation intensity and water use, change in cropping pattern
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Table - 4.5

Cumulative Statistics of Irrigation in India (All States Together)
(All figures in Mha.)

Sl. Categories Ulti- ‘

No. mate

Poten-
tial

Irriga- Potential created at the Utilisation achieved at Lag between potential area as

tion end of the end of created and utilisation per Land

Gross
Irrigated

Use
Statistics

A
1979- 1994- A

1995- ‘1979- ‘1994- 1995- A
1979- 1994- A1995- 1994-95

8o 95 96 8o 95 96 80 ,95 96

Major &
1 Medium 58.46 26.61 31.82 32.20 22.64 27.45 27.74 3.97 4.37 4.46

.

.

1

.

._

1

'1
1

1

Minor
2 Irrigation 17.38 8.00 11.92 12.10 8.00 10.62 10.72 — 1.30 1.38

(Surface)

Minor 1

Irrigation
3 (Ground 64.05 22.00 42.93 44.42 22.00 39.63 40.83 - 3.30 3.59

water)

J Total 139.89 Z‘ 56.61 186.67 ‘,88.72 52.64 77.70 79.29 3.97 8.97 9.43 ,7o.64 1

70.64

Source: Water Related Statistics, CWC - 1998

Table 4.5 gives lags in utilisation of potential under the above three categories at different

times. It also gives the gures of irrigation as per the land use statistics for the year 1994-95. It can be

seen from the Table that for major/medium schemes, the lag of 3.97 Mha in 1979-80 has slightly

increased to 4.75 Mha in 1995-96. It appears higher gures are reported at the end of the year in which

potential is developed but later on the gures are reduced. The possible reasons for reporting such

gures of potential created and utilisation may be:

Non verication of actual CCA on ground vis-a—vis that worked out from project records.

Lack of Uniformity in Reporting Potential

There is no uniformity about the denition of irrigation potential all over the country. Some states

report net potential while some report gross annual potential. Again, some report the areas covered

down to the end of government channels, while others report the potential only when the eld channels

are constructed. Secondly, areas are often reported even if part systems are completed but water is not

able to ow due to some physical constraints (non- availability of an intermediate patch of land or non-

completion of an on-line structure etc.)

The irrigation potential connotes the capability for providing irrigation facilities to an area (gross,

counting double cropping also) if full requirements of water are met. If any difculty is found from

supply side, this may be mentioned while reporting the gures of potential created.

88

_1_ 



[T

68

"maseg1g|pe;uopensuowapp|a|_4pueU0!SU9J,X9|EJI'\1|D!J5Epuemag9141

01umop1q6ppaqe/\e3xeS|9UUE‘L|I)p|a|_.;’svqvj)aup,A|eu1eu'1U8LLlC|O|BA9pa1n1:>mJ,seJ;u!1U9S9.lC|40a6e1s

aqn,L|J,!MA||e1:>adsa‘peneen|ep,ua1odaqn,6ugsg|11n.10;s1eaAa/\|_4ueup,auowe>|e11oup|noqs1!’A||eu.uoN

'pa:1ea.0|e!1ua1odaq140uogesmln10;6e|awnannsq;6ug1:>a|;a1pue1ua1xaa61e|e01A|ewoue

aql6ug|puo3a.1snqq'A|qe1apgsuo3a3npa11q6gwuop,es!|g1npue|e!1ua1oduaa/v\1aq5e|aqn,pue1D9_[0.ld

L{DE810;u/v\ou>|aq||uv\|2!1U8J,OC|aq1;oan|e/\passassewaqn,’uo!1e3g!.|a/\pueuogsg/uadns|E‘3!LlL|I)9I1JSC|OJd

JSPUI11n0pegueosgasgmaxaa/\0qesq),41'12LUJO}pasgp4epue1su!uomsod|en13e1,lOd9Js1a3g;op|ag

2->1411eqJ,ospapuaunuoawsga/xup|epadse‘s!q140;;'vqv3Aqsuuo;a.140sag6a1e11sugsluawa/\o1du.|;

a>|ewpuepalean|eg1ua:,0daL|140uo!1es1|g1na\.|1a1e.:a|a:>:>e01samseewBugsg/\apJo;sgseq|euop,e.|pue

3L4!J,ua!:>seapg/\o1dp|no/v\pueuop,esg|11nug6e|8L|15ugp4e6a.|a.|n13gdannaqn,|E’9A9Jp|no/v\sgq1asneaaq

lueuodwgMe/\s!sgqi'UO!1€5!J.l!|en13e40sa1n6|_J,aqa,augwexaA||e3!1gn01paausg9J8L|1'A|Je|gLug5'9/\oqe

pauopuauuse1a|1n0LpeaJBPUHpapuewwoaV33|en13e,1osgseqaqn,uopuepauogssgwwoase/v\1aa_[0Jd

aqn,Jaye1nopagueauaaqa/\e1.|Aewqogq/v\su.|a1sAs|euea,1ou0g1es1u.|epoLu40sgseqaqn,uouogqewg

40|ep,ua1odpaseanug‘sgseqa|qeuge1snseuoJB1EM;oA11|!qe|ge/\epenepdn40sgseq9L|1uoS138_[OJd

uonegug40|eg1ua1odaL|140|l2S!t2JddE-81|e3gpo!.|ad.10;paeuos|esg9.lBL{1Uagpeapauonuewsv

'UOS!JQdLLlO340asodmdaql.10;JEBA5U[p8Z)8Jd8L|1}Opuesq),oldn
palean|ep,u:-nodaqn,L|1§Mpa.|apgsuo3sg.|eaA1e|n:>p.|edugpasgmn|e!1ua10duog1e6g1.|!21141;!elepdmddeaq

||!M1!'|ep,ua10dxpns;ouoneana\.|1Bug/v\0||o;.|eaAaqlugA|uoe:>e|da>|e1ue:Jpe1ea.|3|eg1ua1oduog1e61.u1

40u011esg|p,n9141'A||eJaua6‘sv'pa1e61JJgeeueSSOJBaq101a/\g1gppeaqJ,oummasaqn,aaugsA|a1eJedas

pausgum;aqp|noL|s,sea.|ep|o\40uo!1esg|1qe1sE-)L|1016ug1e|a1samg9L|_|_'UO!1E'J9p!SUO3JapunJea/K

am5Ll!.lpJ,aa[oJdeAqpaqegugA||en13eeeueSSOJ5|e101aup,sepeugapaq,pasg|p,n|ep,ua1odu0g1e6!ug\

u.ua1a1.|11eq1PUBLULUOIJBJa/v\'/Uesseoauos|esgpasgmn|ep,uaJ,0dJo;Lue1s/ks5U!1JOC|9Juuo;gunv

'u1a1sAsMa/\g|apme/v\aqn,ug1a|1no

1U8LUU.l9A051se|01dnpa1a|du.|o3a4n1anJ1seJ;ugq6no1\.|1a|qe|ge/\espewaqp|no3Lpgq/v\1912M40Amuenb

aq1AqA||enuuepa1e6g.ugaquea1QL|1ea.|esso16p91E58J55Esq;sepaugapaquogannsuoas1!J91}?

JOBupnpawnua/\q6e1e1I)8_[OJdeAq,pa1ean|ep,ua1oduo11eBp4g\mm9L|112L|1PUSLULUODSJa/v\

'S8JHSE9LU|egpam.ua.|aJ,e1JdoJddeaq11eBug/\g.uepue

|e!1ua1odaq1;ouo!1esg|g1nJaqun;6ug1:>a;;aug'Aue41’s>paua|1.1,oqpuesapuepgapa|.|1A;!1uapg01dyaqos|e

||g/v\ampaamdsgql'uaq1A|uo139[0JdLpee.10;aaueLu.|o;.|ad|euog:1e1ad0pue|e:>gsAL|daq1;oMB!/\9.l|e3g1g13

J,noA.uea01a|q1ssodaq||!M11'sa1e1s8L|1||e1S5UOUJEA1gLu1o;gunsga1aq1J,eq1ospa/\e1q:>euop,esg|g1n9L.|J,

puepalean|e!1ua1odaq16ug1,|odeJJo;s:->ug|apgn6algugapdnMQJP01Messaaeu’a.1o,1eJaq1‘s!11

apgs-A|ddn5w01;Ja1e/\/\;oA1g|gqe|ge/\e-uoNpuesagauagagaqLU91S/\S01enquo11esg|!1nJ9MO']

'U0!1nC|!J1$!P

1a1e/v\ugsa!1|no|_4,1gps:->1ea.13'pueq.l8L|J,OaL|1uopues311sp,e1sa\.|1ugpa1oa|;aJ1961ousaop'pUEL|auo

uo’asnL|Dl’|S'9I)!lI)2Jduowwoaeawoaaqa1e|,1oseq'pUQU.|LUOI)9L|J,apgslnos|eue3a\.|1Luo.1;1a1e/v\6up,u|

L.|5OJL]J,10s1a|1nopaspoqmeunL|5I'10JL|1puewwoasup,U1L|1!MJ9L|J,!8‘.|a1e/v\40asnpaspoqmeun

'pag|ddnsuaeq9AEL|

s6ug.|a1e/v\0/vu,.|0euoA|uo4;ua/\apa1.|oda.|sguoseasdonJo;u011esg|p,n||n;'S8LU!19UJOS's1eaAa/\|_41se|ug

paqegugeaueu.mu.|gxeu19L|101Bugpuodsz-wonamguop,es!|11nuodw01uaeqseqaa!:pe.|d|ELUJON'JeaA

pauodaasq;Bupnpuogesgmn|en1;>eaq1;oa/\g1:>adsa11gsamgwnwgxewamp;||e1JOC|SJsa1e1sAuew
'L|3Ssv'B19|C|l.U03A||e3gsAl.|dsgu1a1sAsa1.|J,4!ua/\aJ29/\01.1eaAmm;Me/\p|no/v\1!’.|a1e/v\;oA1g|!qe|!e/\e

uospuadapuonesgmnsv"os|esamguop,esg|p,n91416up.|od:->1ugA1guuo;!unousgeuaqi

U0!1P9!I!1Bumodeau!/\1!w1041un4@>|r>@"|



I,

l

l

As regards minor irrigation, attention is drawn to the note below Table 4.2. At the end of 1994-
95 potential of 11.92 Mha is reported while the utilisation is 10.62 Mha, giving a lag of 1.3 Mha(Table
4.S). The potential gure is uctuating between 11.0 and 12.2 Mha for the last nine years with no
denite trend and the utilisation gures have also uctuated between 10.00 and 11.0 Mha. There is, if
at all, very little addition to benets. The Government expenditure, however, on surface minor irrigation
is being incurred at a rate of about Rs. 400 crores (at constantprice 1980-81 = 100) each year. The
Ministry of Water Resources may go into the matter as to why utilisation and potential have more or less
stagnated while expenditure continues to increase. The expenditure gures may include costs on tanks
as well as government tubewells. This also raises a doubt whether the assessed ultimate potential
under surface and ground water minor irrigation is realistic. It is known that minor irrigation tanks get
rapidly silted up and their storage capacity gets reduced withpassage of time. The gures of potential
created may not reect the reduced potential of existing minor tanks. Thus the lag would seem to
increase while in reality the same may be less. This is an important issue which needs to be gone into
for each state and the present potential as well as the utilisation require to be reassessed along with

. . - - - - - . - - ' k Fultimate potential taking into consideration rehabilitation and improvements to existing tan s or
purpose, special committees of irrigation managers and the beneciaries of minor irrigation schemes may
be constituted.

There is a lag in utilisation in regard to ground water also. Due to variety of ground water
structures like dug wells, dug cum bore wells and tubewells, there would be varying reasons for lag.
Here also, there is a possibility of over reporting of potential because, after the well is dug, it may run
dry subsequently. In such a situation, the potential is not deleted but the new dug well would add its
own potential. Similarly, for tubewells, the distribution system, either piped or open channels (lined or
unlined), may not be ready by the time the tube-well is harnessed or vice-versa. In ground water
schemes, therefore, the potential gures may not be rm. It appears desirable to go by the gure of
actual utilisation, though the gures of utilisation reported would be gures of maximum utilisation as formajor/ medium schemes. Since most of the investment is in private sector through institutional nance,the data base may also be very weak. It is, therefore, recommended that a rm data base should befestablished by carrying out a district-wise and village-wise census of ground water utilisation in the pastive years.

There ‘is also difference between the gures of utilisation as reported by the State Governmentsand those indicated by the Land Use Statistics. If we take the gures of 1994-95, the gross area irrigatedas per the Land Use Statistics is 70.64 Mha while that reported by Irrigation Departments is 77.7 Mha.There is, thus, a difference of nearly 7.0 Mha which needs reconciliation. No serious attempt appears tohave been made in the past to nd reasons for the difference. The possible reasons are:

- In Irrigation Department statistics, the utilisation is not taken as actual utilisation in the reportingyea; but as maximum utilisation of irrigation in previous ve years. Thus, the gures reported areig er.

- If a farm is partly irrigated by surface water and partly by ground water in the same crop season, thesame may have been double counted for both surface and ground water by the state authoritieswhile reporting the gures.

- for minor irrigation, especially wells, the gures reported by the states may not be accurate. Forinstance, in the case of ground water, the percentage of mortality assumed for calculation may bemuch lower than the actual mortality in the eld.
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o Accumulation of salts due to salty surface or ground water used for irrigation.

- Upward movement of salts with capillary rise from lower layers.

~ Use of sodic water for irrigation.

~ Ingress / intrusion of the sea water.

~ High ET demands and low level of salt uptake.

o Inadequate dose of freshwater, to counter upward movement of salts.

Extent of Waterlogging

Assessment of waterlogged, saline / alkaline area in the country has been carried out at different

times by different experts and agencies. Reported gures vary widely. This is because each Agency

adopted its own norms for dening waterlogging and salinity / alkalinity. Also, some reports include

unirrigated and / or coastal saline areas.

The National Commission on Agriculture (NCA) assessed that an area of about 6.0 Mha was

waterlogged which included the areas in irrigation command and unirrigated land as well. Out of this

assessment, an area of 3.4 Mha was estimated to be suffering from surface water stagnation and 2.6

Mha through rise in water table. As per the revised estimate of Ministry of Agriculture in 1984-85, the

waterlogged area was 8.53 Mha, both under irrigated and unirrigated areas in the country. The Working

Group set up by Ministry of Water Resources (MOWR) in 1991 reported 2.46 Mha as waterlogged area in

the commands of major and medium irrigation schemes as per the details given in Table 4.6.
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denition of waterlogged and salt affected area has also to be decided taking into consideration the

diversity in soil characteristics and dominant crops grown.

The nature and intensity of salinity varies depending upon the causes responsible for the

formation of saline soils in different regions. Whereas in coastal belt, soil salinity is caused by sea water

intrusion and inundation, the inland salinity is generally encountered in areas with high ground water

tables, mostly in canal commands. More than 97 percent salt-affected area was located in seven States,

* namely Uttar Pradesh (35 percent), Gujarat (28 percent), Punjab (15 percent), Bihar

(7 percent), Haryana ( 6percent), Tamil Nadu (4 percent) and Rajasthan (2 percent). The balance 3

percent salt-affected area lies in Karnataka, Madhya Pradesh, Andhra Pradesh and Maharashtra. Salt-

affected area was not reported by other states.

4.7 Drainage

Removal and disposal of the excess surface and / or sub-surface water, which is harmful for crop

growth, is termed as drainage. The problems of waterlogging and excess salt concentration are closely

related and are often called as "twin problems". Both can be kept under control by providing adequate

drainage, which is accomplished by surface, sub-surface, vertical and bio drainage systems or their

appropriate combinations.

The principal benet of providing drainage to irrigated land is that it facilitates prevention /
reclamation of waterlogged areas and soil salinity leading to sustained soil and crop productivity.

i
Worldwide experience of providing drainage to irrigated areas has clearly indicated several benets to

soil, crop, environment and socio-economic conditions. Good drainage leads to better aeration in soils

and creates more favourable environment for growth of benecial soil micro organisms and earth-worms

which are conducive to better productivity. Drainage improves the soil moisture condition. Well

drained soil warm up quickly and facilitates better seed germination and rapid plant growth. These and

other benets highlight the importance of drainage especially under irrigated agriculture.

One of the major environmental benets of drainage is its positive impact on improving the

health of humans, plants and farm animals. Good land drainage reduces diseases like foot rot and liver

fluke, which thrive on wetland, infections for livestock, and diseases transmitted by mosquitoes to human

beings. Drainage also reduces or eliminates mild infections and various root-rots of plants.

4.8 Prevention]Reclamation Measures

it, Various measures to minimise the risk of waterlogging and salinity such as preparation of a

i} drainage master plan, lining of channels, provision of appropriate control structures and escapes etc.

r
should be incorporated in the planning and design of the project before the same is approved for

implementation. A detailed soil survey of the command area is essential to assess the soil capabilities for

sustained irrigation. Irrigation intensities and types of crops should then be determined. This would

provide a strong deterrent to development of waterlogging and salinity later on. As a rule, less water

input for crops helps in preventing waterlogging. In fact, providing 80 to 85 percent of the optimal doze

of water does not signicantly reduce the productivity while it enhances project benets by increasing

the area under irrigation and prevents waterlogging.

With detailed soil survey and observation of ground water uctuations, a detailed scheme for

reclamation of waterlogged areas has to be prepared. Conjunctive use of ground and surface water is

also an important measure for reclamation of land. Surface drainage or sub surface drainage or
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Table-4.7

Sub-surface Drainage Installation Scenarios in RAJAD Project

Sl.No. Scenario 1 2 3

2 1. Drainage Coefcient 1 2 3

(mm/day)

2. Drain Spacing (m) 60-70 40-60 30-50

l l
l

l l
l l l l

4. B/C Value Economic 2.30 2.37 2.55

‘ 5. Financial 2.40 2.69 3.00

6. Performance Maintains salt Acceptable salinity Acceptable salinity
balance; acceptable control and some control and better
salinity control and waterlogging control waterlogging control
slow salinity control during monsoon (1 in 3 to 5 years)

reclamation; minimal (1 in 2 years)

,1 3. , Cost/ha (Rs.) 17,000 20,000
‘ 23,000

waterlogging control.

Source .' A./(.Garg, T.P.Mathur and C.M. Tejwa — 1996 — Prioritisation ofAreas for the Reclamation of Water/oggeo Saline and
A/ka/ine Areas, Financ/'a/ Implications and Phasing of Reclamation — Proceedings of Nationai Workshop — Sponsored by MOWR,
page 470-471

After reviewing the experiences of installation of various drainage systems in different States of
India, the specic costs of drainage are estimated at 1990 price levels by Uttar Pradesh Land
Development Corporation as follows :

SI. No. Drainage System Cost (Rs./ha)
1. Surface Drainage 7,000 to 10,000
2. Subsurface Drainage

_a) Manual 18,000 to 25,000
b) Mechanised 20,000 to 35,000

3. Vertical (Tube-well) drainage 7,000 to 10,000

(installation)
4. Bio-drainage 11,000

Source .' ” Drainage Alternatives for Management of Water logged Areas” by S./(Gupta, 1998- National Workshop on Strategy
for Prevention and Reclamation of Water/ogged Areas in Irrigation Commands, New De/h/1
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- Within a basin, prioritization of projects based upon severity of waterlogging and salinity and further
prioritization within a project command should be identied for undertaking various drainage
measures.

- Set up a multidisciplinaiy team for each CADA to view and advise regarding the command area
problems. There should be a well equipped water quality and soil testing laboratory, supported by
well trained manpower for each CADA.

- Prepare drainage design manuals for engineers, and training manual for extension workers and eld
functionaries. Undertake a mass awareness campaign through T.V. & Radio.

- Adopt modern technology tools, wherever available and dependable such as Remote-sensing, GIS,
GPS, mechanized installation of horizontal subsurface drains, use of total sun/ey station, EM-38,
computerized data keeping, use of various drainage models etc.

- Attempt an in-depth study of bio-drainage, through a Task Force to assess its potential and location
specic applicability.

~ Encourage investment in Drainage Industry through local manufacturers by appropriate measures,
eld trials and monitoring.

o Transmit to other states lessons of work at HOPP and RAJAD projects.

- Improve the overall irrigation water management to reduce costs of ameliorative measures.

- Mobilise acceptability by farmers of the suggested measures by CADA through NGOs. Ensure their
involvement and participation in ameliorative measures.

- Give special attention to Human Resource Development (HRD)related to improved water
management, water saving, besides prevention, control, reversal and reclamation of affected areas.
Organise orientation courses for farmers to policy makers, special training courses for senior, middle,
junior and grass root level functionaries. Facilities of training at CSSRI, Karnal could be obtained as
tailor made courses could be offered by this organisation.

- Finally, drainage and reclamation schemes for the entire affected area may be undertaken.
Appropriate budgetary support should be provided for this purpose.

4.11 Crop Diversification

India's agriculture is at the threshold of diversication of crops and multi cropping options. In
response to the demand for commercialization of agriculture, we need to shift our focus from routine
foodgrain production systems to newer cropping systems to meet the ever-increasing demand of pulses,
oilseeds, fodder, bre, fuel, spices, fruits, vegetables, medicinal and other commercial crops and make
agriculture an attractive and protable business. This has become more important today in the light of
national policy of economic liberalization and export orientation of Indian agriculture.

Crop diversication methods like crop rotation, mixed cropping and double cropping have been
found successful in many situations. The major advantages of these types of diversication include
reduced erosion, improved soil fertility, increased yield, reduction in need for nitrogen fertilizer in the
case of legumes, and reduced risk of crop failure. Diversity of crop varieties can enhance the stability of
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The types of irrigation and drainage management constraints facing India are common to many
developing countries. They largely relate to public sector managed surface irrigation systems and
comprise numerous physical, institutional and nancial/economic constraints.

The organisational constraints are dealt with in the Chapter - 8 on Legal and Institutional
Framework and the nancial constraints in Chapter 9 on Economic and Financial Management.

System Inadequacies and Phases of Irrigation Management

Inadequate maintenance has resulted in reduced efciency of water use and inequalities in water
distribution. From meagre funds allocated for maintenance, as much as 80 percent have to be spent on
the staff leaving very little for physical upkeep and maintenance of the irrigation systems which have
shown progressive deterioration. There are also many system inadequacies, such as:

- Inadequate capacity of the system for timely deliveries of water to the eld. This is mainly due to
structural deciencies.

- Conjunctive use of ground and surface water is not encouraged through the mechanism of pricing
and funding policies for ground water development within the command area.

o Inadequate infrastructure for quick communications and responses to effective water regulation
and control.

, ~ Inadequacy of water regulation and control structures causing waste and inequitable distribution,
unreliable supplies and improperly planned water distribution, apathy of farmers, excessive seepage
losses etc.

o Restraint to introduction of modern and innovative methods right from reservoir and water
deliveries down to farm management, resulting in sub-optimal water management.

In physical terms, irrigation management can be subdivided into the following phases:

o Operation of the head regulator for supply of water either from the reservoir or from the barrage.

- Conveyance of water upto the eld and

o Field irrigation and on-farm water management.

Operation of the Head Regulator for Supply of Water

For storage projects, an operational schedule is prepared which, inter alia, includes supply of
water for irrigation on a fortnightly basis. During monsoon supplemental irrigation is necessary
depending upon the rainfall. The schedule for rabi and hot-weather supplies is prepared at the end of
the monsoon, say by October 15“, when water available for the year is known. For run-of—the-river
projects, irrigation withdrawals are being made depending upon crop requirements and availability of
water.
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1 

Hilly Regions

- Forming irrigation service units of a whole village [Village Service Area (VSA)] or a group of villages

based on agronomic boundaries;
3

- Branches down to about 8.5 m /s capacity to be with upstream control with canal automation and

down below manual control to meet full requirements of water;

~ Introduction of rotational irrigation distribution system (on and off type), below 8.5 m3/s capacity

with water allowances considered regionally;

~ Integration of ground water with surface water where feasible for conjunctive utilisation;

- Establishment of a reliable and foolproof voice communication system;

- Supplying water on volumetric basis - satisfactow measurement devices will be introduced at

strategic points in the network.

Conveyance Systems- Difficult Areas

Traditional kuhl which is a natural gravity irrigation system is followed in hilly and mountainous

regions. The water supply from kuhl is inadequate and inequitable most of the time and is surplus in

some periods when farmers do not require water for irrigation. Due to poor water control and lack of

water distribution system, the head reach farmers divert kuhl to their elds depriving the farmers

located lower down of water. Some times, en-route storage tanks are created with LDPE lm lining in

the beds to tide over shortages. Such systems are followed in Himachal Pradesh and Kashmir.

Flat Terrains (Often Saline) and Coastal Areas.

These areas remain ooded during monsoon and sometime thereafter also. There are in

general no drainage channels. The conventional canal network, if provided, would get damaged due to

storm flooding. Further, because of ooding, there would not be any access for regulation and control.

The areas generally become dry only in November - December when it would be too late to sow Rabi

crops. In summer, these areas have salt incrustations on surface. Such areas are provided with

irrigation water by excavation of parallel trenches about 6 to 8 ft. deep at regular intervals depending

upon the permeability of the soils. Canal water is fed into ditches which also sen/e as drains and farmers

lift water from the canal cum drains for irrigation. Thereafter, the water returns over the surface as

well as through under ground ow back into the drains. Thus, the area remains dry and salts are moved

by leaching. When the drainage water becomes poor in quality for reuse for irrigation, fresh water is

added so that acceptable quality of water in the ditches is maintained for irrigation. The Bhal area of

Gujarat is an example.

Field to Field Irrigation Systems

Under such systems as in Cauvery delta, the canals extend only upto large blocks of land to be

irrigated (CCA) which are generally at. Water is supplied from eld to eld to a mono crop, mostly

paddy, which is grown in different seasons. This old system is being followed in other parts of India

also. It is wasteful in use of water and does not permit diversication of crops which in turn leads to low

productivity per unit quantity of water. Waterlogging and salinity also occur. Such systems are being

modernised by providing control structures and extension of canal systems to serve smaller blocks of

CCA to the extent feasible. This would also permit crop diversication.
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IRRIGATION WATER DISTRIBUTION SYSTEMS

Osrabandi is the synonym for warabandi. This system is practised in UP, Punjab,
Haryana and Rajasthan. Under this system, water is supplied according to a predetermined
schedule to each farm according to the turn. The supply of water is from tail upwards to
ensure that the farms in the head reaches do no receive excessive waters resulting in unequal
distribution. This system is considered to be the best to ensure equity, reliability and efciency
in water distribution. Punjab, Haryana and Western Uttar Pradesh have achieved high water
use efciency under warabandi system. Efforts are being made to introduce this system in
other places.

Under Shejpali system, the farmer applies for water for a specic crop by a due date.
On sanction of the application by the government Agency, water is supplied according to the
requirement of crop by rotation. The schedule of supply is notied in advance. This system
has been followed in parts of Maharashtra and Gujarat.

Block system largely followed in Maharashtra ensures long term guarantee of supply to
the farmer for a period of 6 to 12 years as against supply limited to only one year or less in
case of other systems. While sugarcane blocks are sanctioned for a period of six years, garden
blocks largely for citrus fruit trees are sanctioned for a period of 12 years and two seasonal
crops are sanctioned for a period of 6 to 12 years. This system has created islands of
prosperity and also entails less efcient use of water in terms of production per unit quantity
of water. E

Satta system was largely followed in Bihar in Sone canal system. Under this system,
long term agreements with groups of cultivators from a village are made. The group decides
its leader, called Sattedar, who is responsible for internal distribution of water within the group
and also for recovery of water charges. The system, however, did not work satisfactorily and
has been given up.

4.14 Conjunctive Use of Surface and Ground Water

Conjunctive use connotes management of all water resources in an area including surface and
ground water in harmonious manner such that the total water use in the area over a period of time is

optimised. The quantication of water available for conjunctive use is decided by establishing a general
ground water balance in the command area “with and without conjunctive use conditions". The planned
quantity of ground water has to be adjusted in such a manner that neither progressive lowering or rising
of water table occurs nor there is deterioration of quality. The main practices of conjunctive use of
surface and ground waters have been discussed earlier. There are some examples of implementation of
conjunctive use which highlight the need for such use (See Box).
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8,235 t3Wh respectively. The percentages of consumption in agriculture to total consumption of

electricity for above ve states were 30, 50, 39, 37 and 36 respectively. Andhra Pradesh remained at

top with half of electricity consumption in agriculture sector. Analysing the per capita consumption of

electricity in agriculture in 1995-96, it is observed that amongst the states, Punjab with per capita

consumption of 265 kilowatt hours (kWh) was at the top followed by Gujarat and Haryana having per

capita consumption of 227 and 215 kWh respectively. The per capita consumption in agriculture at

national level stood at 93 kWh. Punjab is also the leading state as far as per capita total electricity

consumption is concerned followed by Gujarat, Goa and Maharashtra, in that order.

Irrigation pump sets energised as on 31.3.1995 were 10.7 million. Among the regions, southern

region was on top with its share of 41 percent in total irrigation pump sets energised followed by western

and northern regions with 33 percent and 22 percent respectively. Among the States, pump sets

energised were highest in Maharashtra with 1.92 million pump sets followed by Andhra Pradesh, Tamil

Nadu and Madhya Pradesh with 1.61, 1.49 and 1.40 million pump sets respectively. According to 1981

census, 85.3 percent of rural population had been covered by electricity. Among the regions, the

southern region with 100 percent rural population coverage by electricity was followed by northern and

western regions with 91.5 and 91.3 percent coverages respectively. Rural population of 18 States/UTs

has been covered fully by electricity. In eastern region, Bihar is far behind with 36.8 percent coverage

and similarly in north—eastern region, Arunachal Pradesh is lagging with 33.9 percent.

Heavy subsidies in electricity consumed for agriculture have tended to encourage wasteful use

of energy and also wasteful use of water. This has also encouraged the farmers to overdraw water

from deep aquifers thus causing water quality deterioration in many cases. The subsidies have also

adversely affected the nancial conditions of the State Electricity Boards. It is, therefore, necessary to

gradually reduce the subsidy on power for agriculture.

4.16 Operation and Maintenance

Operation of the water delivery system calls for systematic studies of the cropping pattern in the

command area including its trends in the command area and the crop water requirements. Equity, .

timeliness and efciency in distribution of water are the three main attributes of successful operation.

The operational strategy has to meet the fortnightly requirement of water throughout the crop season.

The main canal, branches and distribution system, more or less, cater to the average requirements of

water during the rotational period. However, the minors, sub minors, water courses and eld channels

cater to on and off requirements where distribution of water is by rotation of chaks. In such a system,

the smaller channels carry proportionately higher discharge. Where continuous water is supplied to all

channels down to the eld, smaller channels also carry more or less uniform discharge. Due allowance is

kept for seepage losses while determining the canal capacity. In number of systems where the night

irrigation is not strictly resorted to, considerable wastage of water occurs. The operation of the system

has to be designed duly considering the soil-water-plant and climate. relationships.

In an ideal condition the quantity of water to be supplied to the crop should be just sufcient to

meet its consumptive evapo-transpiration requirements at various stages of growth. Due to physical

limitations involved in storing, conveying and applying the water in the eld, much more water than

actual requirement of the crop has to be released from the storage.

There is a general belief amongst the farmers that greater the depth of ooding in the eld, the

better it is for the crops. This may partly be due to the fear that next watering may be delayed. Irrigation

operators have to convince the farmers that over-irrigation results in reduced production and may cause

water logging and salinisation. In fact, if 'x' is the optimum quantity of water in terms of delta required
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the efficiency of water use and system capabilities and its performance. For the same area and crop mix,

the efforts should be made to improve AI /DC.

Preparation of Plan of Operation and Maintenance (POM)

The plan of systematic operation and maintenance is a sine qua non for efcient management of

irrigation. POM requires a dynamic view taking into consideration the trends, both past and future. The

objectives of POM are:

~ to achieve stipulated levels of project services including maintenance at minimum achievable cost;

and optimum use of canal water,

o to provide detailed O&M guidelines during various anticipated scenarios of water availability,

including equitable water distribution upto the tail end of the system,

- to effect efficient co-ordination of staff, equipment, physical and nancial resources and related

disciplines, active involvement of farmers etc.,and

- to establish guidelines to achieve the set objectives, treating all project facilities as integral parts of

the project.

With the passage of time and changing cropping patterns, irrigation methods and techniques of

POM require upgrading.

Generally, the operation of the system upto the government outlet (chak) level is being carried

out by the irrigation management staff. The operation of the eld channels for feeding the sub chak

area is being done by the farmers. Inspite of total agreement amongst the State Governments (as

resolved in various Conferences of Irrigation Ministers), the warabandi (rotational system) has not been

introduced in many states with sufcient speed and dedication. There may be difculties and constraints

in introduction of warabandi but no efforts seem to have been made to overcome them by way of

removing constraints. The Commission recommends that every State Government should make whole

hearted efforts to introduce Warabandi system including night irrigation.

Role of Drainage in Operation

In several projects undertaken in recent years, the drainage component of the schemes had been

deferred. While this had reduced the initial expenditure on the project, the drainage aspect was

subsequently lost sight of during the operational stage till waterlogging and salinity were noticed. In

many cases where drains have been provided, they are not being adequately maintained. They get

silted up and are often used by farmers for dumping the waste materials. Often new developmental

construction works in the command impede drainage. Maintenance and remodelling of existing drainage

systems, therefore, is a high priority task. Ideally, comprehensive drainage master plan for the entire

project should be prepared simultaneously with the canal network planning and the excavation of the

drains should also be taken up alongwith the construction of the canals so that the soil from the drain

excavation can be useful for canal banks and the drainage network becomes ready alongwith the canal

system.

Role of Monitoring Waterlogging and Salinity in Operation

The operational staff is expected to monitor the quality and levels of ground water movements

over a period of time. Soil chemistry should also be checked periodically to assess the salt levels. Where
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In addition to the knowledge of engineering principles and requisites, the O&M staff should also

have adequate knowledge about soils, their classication, water requirements of crops at various stages
of growth, the agronomic inputs and practices, production statistics etc. Their friendly and continuing
interaction with individual farmers and WUAs from time to time is also most essential.

Another vital input would be the improvement in the technologies and gadgets used in the
l system. Thus more reliable and accurate instruments and gauges should be installed. As far as possible,

they should be automatic and the data transmission should be fast. Similarly, communication and

reporting systems should be upgraded and infrastructure facilities improved. Benecial use of local

materials should be encouraged through appropriate eld research, if necessary. Use of geotextiles,
geomembranes, and other non-conventional construction materials can be introduced wherever they are

cost effective.

In short, there is enormous scope for technology upgradation in operation and maintenance of
irrigation systems. A modern and hi-tech O&M system can not only save the recurring costs but also

contribute to the reduction in capital costs through signicant conservation and efcient use of water and

consequent lessening of the necessity of expanding irrigation through new projects.

4.17 Modernisation of Existing Irrigation Systems

The remodeling and modernisation of the existing systems has become imperative due to various

reasons such as upgrading of planning and design standards, meeting the water requirements for hybrid

crops at various stages of their growth, change in cropping patterns and improvements in operational

methodologies etc. This programme was initiated in early 70s by various State Governments.

Considerable headway has been made and some systems have been modernised even twice. Although,

prima facie, the B.C. ratio of modernisation scheme should be higher than that for a new scheme, the

gures of actual benet cost ratios on completion of modernisation schemes are not available. Though

the Ministry of Water Resources has taken up review of performance of a few modernised schemes

during the last couple of years, performance reviews of modernisation schemes on completion are not

available in most of the cases. As a result, it has not been possible to assess whether the enhanced

benets are commensurate with the costs incurred. The Commission, therefore, considers that after each

modernisation project is completed, a performance review should be carried out which should assess the

benets and costs and arrive at benet cost ratio and internal rate of return. Such a review should be

carried out for all modernisation projects which have since been completed. For new projects to be taken

up under this programme, following technologies and reforms should be included as components of the

project:

- reassessment of culturable command area.

- review of cropping pattern in light of the irrigability classication of soils.

- review, on the basis of detailed soil sun/eys, of status regarding rise in ground water, waterlogging,

salinisation etc.

- review of methods of operation of the canal - whether Warabandi, canal automation etc. and the

improvement of existing control and regulation arrangements can meet the demand for

augmentation of supplies.

- review of the canal capacities of the system and remodelling and strengthening of the system, where

necessary.
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Province Project in southern France. In other countries, like Egypt, Morocco and Netherlands, remote
monitoring with various control concepts has been implemented on irrigation projects.

In India also, there are six projects where either canal automation has been implemented or is
being implemented.

Chambal Project in Madhya Pradesh is a multi-purpose project, a joint venture of the States of
Madhya Pradesh and Rajasthan. Remote monitoring and control system is planned in 53 km long lower
main canal having design discharge capacity of 53.8 cumecs in Madhya Pradesh and also on the branch
canal systems, associated with the lower main canal.

Khadakwasla Project in Maharashtra comprises three dams viz. Tanaji Sagar Dam, Veer Palaskar
Dam and Khadakwasla Dam. Remote monitoring and control system is planned in New Mutha Right
Bank Canal (NRBMC) having design discharge capacity of 58 cumecs and its distribution systems. The
automation also includes decision support system of the release of water in NRBMC from the resen/oirs.

Majalgaon Project in Maharashtra supplies water to Majalgaon Right Bank Canal having 165 km.
length and design discharge capacity of 83 cumecs. The water distribution to farmer's society is based on
volumetric concept. Dynamic Regulation has been implemented on the Majalgaon Right Bank Canal
(MRBC), Ganga Masala branch canal and its distribution systems. Use of duckbill weirs with hydraulically
balanced gates has been implemented to maintain desired water level at the head of various
distributories. On this completed project, water saving of about six to eight percent has been reported.

Rajasthan Agricultural and Drainage (RAJAD) project in Rajasthan, covering part of the Chambal
command area, has implemented the real time information system for the irrigation management. The
control system comprises local automatic control and/or local manual control.

Tungabhadra Project in Karnataka involves three canal systems running into a total length of
7,540 km and covering an irrigated area of more than 5 lakh hectares. Right Bank High Level Canal
(RBHLC) of the project having design discharge capacity of 113.20 cumecs alongwith its distribution
system has been covered under Supervisory Control and Data Acquisition (SCADA) system. As RBHLC
also supplies water in Andhra Pradesh, maintaining required discharge and level at the State boundary is
also a critical parameter being monitored.

Sardar Sarovar Project which is under construction is the rst mega project in the country which
has been planned and designed for canal automation. The canal systems have been designed and are
being constructed to conform to operation on controlled volume for timely deliveries. A real time
computer based monitoring system and a state of the art communication network will allow remote
control operation of the canal conveyance system down to 8.5 cumecs design discharge capacity. Canal
systems below 8.5 cumecs will be operated manually. The work of canal systems in initial reach covering
about 4.0 lakh hectare area is on threshold of completion. A pilot project will be implemented in about
1.5 lakh hectares of irrigated area under advice of a competent and experienced consultant in this eld,
in near future.

The basic philosophy behind canal automation is the regulation and control of the supply into
canal system according to day to day requirements, taking into consideration the actual precipitation that
may occur during the crop season, soil moisture content, agro-climatic and other soil-crop parameters,
so that the supplies of water are reduced to the minimum to bring the crop to maturity. Such planning
has to be done within the frame work of reservoir operation planning for release of irrigation supplies.
The system is based on placing sensors at various places to measure water depths in canal system, gate
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any, identied to be incorporated in the future canal automation projects. The approach should,

therefore, be somewhat cautious before large scale programmes are taken up.

4.18 Reuse Of Waste Water Including Saline Water

Storm water originating from the command area can be reused in two ways: (i) by diversion from

the drains or direct lift therefrom and (ii) by lling of tanks from which the ground water also can be

recharged.

Surface and subsurface drainage water, normally, is of a relatively degraded quality as compared

to that of irrigation supply. Drainage water picks up during its travel, a variety of suspended and

dissolvétl substances including organic and inorganic material, soil particles and salts. Its quality largely

depends on the nature and amount of salts present in the soil prole and the salinity of underground

water.

A drainage planner has to analyse drain water for nutrients, pesticides, and trace elements. The

two major nutrients in drainage water are Nitrogen and Phosphorus, which contribute to eutrophication

of surface water. Nitrogen can be in either organic form (ammonium) or the inorganic form (nitrate).

Nitrate is the dominant form. Nitrite is the most harmful form, although it -may be present in small

quantities. Numerous agricultural pesticides also enter drainage water. High concentration of inorganic

trace elements in irrigated soils and ground water pose a threat to the environment. Management of safe

re-use and disposal requires an understanding of the characteristics of the drainage water and matching

of those characteristics to the environmental protection needs of the re-use on disposal area.

Re-use is an important method of managing drainage water. There are following options for

re-use of drainage water:

- Direct use for irrigation

Blending with canal water

Cyclic or rotational use

Saline agriculture forestry system and solar evaporators

Aquaculture, and

- Use of saline water

Direct Use for irrigation

In regions, where irrigation water supplies are limited, drainage water can be used to supplement

it. However, the quality of drainage water determines which crops can be safely irrigated. Poor quality

water is applied to crops with appropriate salt tolerance, after improvement in water management and

ensuring adequate soil structure and permeability. In general, as the salinity level increases, both yield

and quality of crop decrease. Guidelines for using saline and sodic water for irrigating crops are depicted

in Table Nos.4.8 and 4.9 respectively given below. Table 4.8 indicates upper limits of salinity for

different soil textures and in regions with different annual rainfall. However, it should be kept in mind »

that direct use of salty water may lead to soil salinisation, which can adversely affect the crops.
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l Table - 4.9

Guidelines for Using Sodic Irrigation Waters[RSC> 2.5 meq/l] t

Soil texture Upper SAR Limits of RSC Remarks

(percent clay) (mmole/I) (meq/l)

Fine 10 2.5-3.5 (i) Limits pertain to kharif fallow rabi

(> 30) crop rotation when annual rainfall is 350
— 550 mm.

Moderately ne 10 3.5 - 5.00 (ii) When the waters have Na 70percent

(20-30) (Ca+Mg > 25percent) or rainfall is >

550 mm, the upper limit of the RSC

range becomes safe.

Moderately 15 5.0 - 7.5 (iii) For double cropping, RSC

coarse neutralisation is essential based on

(10-20) quantity of water used during the rabi
season. Grow low water requiring crops

Coarse 20 7.5- 10.00 during kharif i.e. Pearl-millet, Sorghum

(<10) (grain) Okra, Guar and Sesamum, Avoid
Rice.

Note: SAR = Sodium Adsorption Ratio
RSC = Residual Sodium Carbonate
Mmole// = mi//imole per litre
meg // = mi//i equivalent per litre _

$0urce(for both the Tables 4.8 & 4.9): N.K. Tyagi-1996, ’i§a/inity Management for Sustainable Agriculture — Future Proejctions

Proceedings of the Natinal Workdshop on reclamation of waterlogged, saline and alkaline lands and prevention thereof -

sponsored by MOWR.

Therefore, for reuse of drainage water directly, management needs to be more intensive. Also,

more precise methods for water application are needed. Drip irrigation can reuse saline water with

advantage in more pen/ious soils. In drip irrigation, water is applied frequently, continuously leaching the

wet bulb where most of the roots are concentrated. Sprinkler irrigation can cause leaf burn to some

sensitive crops. This damage can be reduced to some extent by applying irrigation continually during the

night and washing the salt off the leaves with non-saline water at the end of the irrigation cycle. The

use of irrigation waters through drip system has revolutionised the production of some high value crops

and orchards in countries like Israel and elsewhere specially when using saline waters. Drip system of

irrigating crops has been observed to enhance the threshold limits of their salt tolerance by modifying

the patterns of salt distribution and maintenance of constantly higher matric potentials. Other

management techniques, which may offset yield loss, when saline water is used for crop production

include (a) using more tolerant crop varieties, (b) using screens to separate seeds of larger size and

weight, (c) increasing alternate furrow irrigation applying additional doses of fertilizers, (d) application of

micro nutrients and (e) chemical amendments etc. (ICID-FAO 1997).

Blending with Canal Water

Blending comprises mixing of poor quality drainage water with good quality irrigation water and is

the most economic and environmentally acceptable solution for re-use of drainage water. Studies at
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There is need for a word of caution. The quality of industrial and municipal waste water requires
to be constantly monitored, because such waters may have long term effects both on the crops and on

health of the people.

II. Flood Control and Flood Management

4.20 The Himalayan rivers bring considerable quantities of silt and their basins are suffering drainage

congestion and ooding. Similarly, deltas and estuaries of the west and east owing rivers also suffer

from oods. On an average, area affected by oods annually is about 7.52 Mha of which the crop area

affected is 3.52 Mha. The oods have claimed on an average 1,515 lives and 95,285 heads of cattle

every year during a span of 44 years from 1953 to 1996. Inspite of ood protection works such as ood

embankments and reservoir operations, the problem of oods remains. With the growing population and

increased developmental activity, the ood plains are being increasingly occupied resulting in more and

more damages. Although it is feasible in most cases to provide certain degree of protection against ood

in terms of reduced frequency and ood damages, there are no universal solutions which can provide

complete protection against oods. The country has, therefore, to shift its strategy towards efcient

management of ood plains, ood proong including disaster preparedness and response planning and

flood forecasting and warning and other nonstructural measures such as disaster relief, ood ghting

including public health measures and ood insurance.

The need for flood management was felt in early fties and the National Flood Management

Programme was launched in 1954; the area provided with ood protection was then around 3 Mha. The

total length of embankments was around 6,000 km. In the Policy Statement made in 1954, the objective

set before the nation was to rid the country from the menace of oods by containing and managing

oods. However, it was realised afterwards that absolute immunity from ood damage was not physically

possible even in the distant future because of the unpredictability of several events which occur along

with worsening situation by manmade activities. Hence, it was decided to provide reasonable protection

that was found to be technically and economically justiable and lay greater stress on ood forecasting,

ood warning, ood ghting and ood management.

A number of National and State level committees were also set up from time to time upto 1976

when Rashtriya Barh Ayog (National Flood Commission) was constituted.

4.21 Rashtriya Barh Ayog (RBA)

Rashtriya Barh Ayog was constituted by the Government of lndia in July 1976 under the

Chairmanship of Shri Jaysukhlal Hathi. Its main terms of reference were:

- to review and evaluate the ood protection measures undertaken since 1954 with special reference

to the construction of embankments, and

- to evolve a comprehensive approach to the problem of oods as a part of optimum and

multipurpose utilisation of water resources keeping in view the role of soil conservation and

afforestation; suggest criteria for appraising ood protection schemes and mobilizing resources

therefor; make recommendations on appropriate land use in flood plains, review maintenance of

ood protection works and review the existing organisation and set up on ood control at the Centre

and State levels and suggest improvements, where necessary.
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4.23 0verviewofFloodConl1oIll&es

Area liable to oods was assessed at 34 Mha (as shown in Annexure-4.1) when reasonable
protection was already provided to 10.00 Mha at the time of RBA. The total of unprotected and protected
areas ooded in any year constitutes area liable to oods which comes to 4.4 Mha. It is, however,
known that during the years of high oods, at least some protected areas are also affected due to_failure
of some protection works. Assuming that around 4 Mha of such area is already accounted for in the
44 Mha area liable to oods, total area liable to oods would be around 40 Mha, that is, about one
eighth the geographical area of the country. Fig.4.2 shows the area liable to oods in various parts of
the country. It would be seen that the major concentration of the ood prone areas is in the Ganga-
Brahmaputra-Meghna rivers system and in the coastal deltas of the Peninsular Rivers.

From 1954 to March, 1993, 16,199 km of new embankments and 32,003 km of drainage channels
have been constructed. In addition, 906 town protection works have been completed and 4,721 villages
raised above ood levels (see Annexure-4.2). Besides, storage reservoirs in general also have contributed
to control of flood by way of reducing frequency/intensity of ood while the reservoirs with ood cushion
have provided more effective ood protection. Flood cushion has been provided on the DVC reservoirs
to provide ood protection to downstream area.

Assuming that the waten/vays of the rivers and drainage channels have not signicantly altered,
the area affected by oods in each year can be taken as the primary measure for estimation of ood
damages. Annexure 4.3 gives the annual gures of area and population affected, damage to houses and

public utilities, /oss of human life and cattle lost. Total damages are a/so indicated in this Annexure.

The area affected has been uctuating depending_upon the natural rainfall intensities in variousasins. There is no trend either increasing or decreasing. However the f rt fpopulation affected show a denite trend towards increase. The gures were 1 ‘$128; tienggs (tahje f(i)ruf'2:of area affected upto 1968. These increased to 4 to 6 times the area affected till 1984 Thereaftei? the‘S/:3: gfrwesgicilj téaolitg Zrteigieé. Similarly, the damages to crops have also shown substantial increase incrops amaged. Similar trend is noticed not so much in the number ofhouses affected but in the value of houses damaged. The human lives lost have not shown anperceptible trend. Noticeable increase, however, is found in damages to public buildings The increasing,trend may be partly due to increase in the value of the ro ep p rty or crops lost and partly due to overassessment in order to put a claim to larger assistance.
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The following are the important action points :

Flood Plain Zoning and Legislation

Need for suitable legislation for ood plain zoning was stressed in the,Conference of Irrigation
and Power Ministers in 1972 and Draft Bill on Flood Plain Zoning was circulated in July, 1975.
Thereafter, a Model Bill was also circulated by the Central Water Commission which providedfor zoning
of ood plains. However, only Manipur State has enacted the bill so far. It is time that the State
Governments be impressed upon to carry out necessary surveys for ood plain zoning and that they
classify the ood prone areas into different categories depending upon the intensity and frequency of the
oods. The bill should provide for regulation of various activities and strategies for optimum use of the
ood plains. No doubt, several States have undertaken survey but the work has not progressed much.
Large scale contour plans indicating ood zoning are still to be prepared. The Commission recommends
that the State Governments urgently undertake a time bound programme of preparing maps indicating
zones in the ood plains after carrying out surveys and studies of past ood levels and lay down policy
to regulate the land use in different zones. The following guidelines may be of use :

Priority -1 :

The buildings for Defence installations, water supply, telephone exchanges, aerodromes, railway
stations and commercial centres etc. should be located such that they are above 1 in 100 year oods or
maximum observed ood level.

Priority -2 :

Public buildings like Institutions, Government ofces, Universities, Public Libraries and residential
areas should be located above 1 : 25 year ood zone.

Normally, after each ood, the displaced families move back to the original site. This requires
control and monitoring. Under appropriate ood zoning, higher areas with less frequency of ood should
be earmarked for temporary habitation until families are nally rehabilitated on long term basis and
raised platforms may be provided for shelter during high oods. Some shelter homes have been
constructed in the State of West Bengal which rest on wooden ballies and pillars. The people can be
sheltered in such homes and cattle kept below. Such ground areas are used as schools in non—monsoon
period.

Flood Proong
.

Flood proong is essentially a combination of structural measures and emergency action plan not
involving evacuation. Under this programme, providing raised platforms, relocating civil and public utility
installations above ood levels and relieving ood congestion by appropriate operation of sluice gates,
pumping etc. where necessary constitute the main activities.
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l There is, however, need for modernising ood forecasts and ood warning, both for ood routing
through reservoirs as well as for minimising the loss of life and properties by strengthening the existing
network and introducing telemetry, satellite communication and use of computers so that with
appropriate software programmes, the incoming oods can be simulated on a real time basis. CWC is

looking after such simulation for Narmada and for Tapi.

Disaster Preparedness Plans generally contain six basic elements, namely:

- Identication of emergency

- Undertaking preventive actions

' - Notication

~ Coordination

o Hazard area delineation

~ Evacuation and termination with follow-up action

The elected representatives of the people like Members of Parliament, Legislative Assemblies and
local governments and other responsible persons should be involved in Disaster Preparedness Plan.

' Assistance of voluntary agencies may also be utilised. For allocating responsibilities and familiarising
, them with the likely dangers, vulnerable areas and benets of the cooperation, these should be

discussed and decided in a joint meeting at Collector's level.

Flood embankments have been constructed extensively in various States to protect areas in the
ood zones from recurring oods and are designed to withstand certain frequency oods. However,
when flood higher than the design ood occurs, the ood embankment gets over topped and fails. Of
course, such events occur rarely. Breaching sections are provided within the embankments so that in
case oods higher than the designed oods occur, the embankment fails at a breaching section and
extensive damage to the embankments and the land and property behind is avoided. The
embankments also get breached due to improper maintenance and sometimes due to manmade
breaches. The design and maintenance of embankments, therefore, call for special attention.

People's Participation

People's participation at all stages of undertaking ood protection and disaster management
measures including relief and rehabilitation measures is essential. People at large have risen to such
calamities and provided willing co-operation in relief and rehabilitation measures. What is required is to
channelise this sentiment and create institutional arrangement for systematic and timely use of the
people's participation capability. In construction stage, digging of drainage channels, soil conservation
works, afforestation, water shed development etc. would greatly benet from the involvement of local

people.

Central Assistance

There is a tendency to over-estimate the ood damages in order to get more central assistance.
The compulsion of prompt release of central assistance in a calamity like oods, does not leave much
time to carry out the systematic assessment of ood damages. The Commission recommends that a

permanent unit should be set up by each usually ood-affected state which can prepare maps and
reports of ood affected areas for each ood event mentioning the ood levels reached at various
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Efcacy of Embankments

The question is often raised regarding efcacy and need for embankments. It is argued that the
benet of deposition of silt which serves as a fertiliser on the low lying banks is lost and vif the
embankment breaches, the damage is much more severe.

Embankments have created drainage congestion in the protected areas and are subjected to
erosion by attacks from the river ows. After construction, silt laden waters do not enter the ood plains
and to that extent, the natural silt deposits which have been contributing to the fertility of the land are
not available after construction of the embankments. Further, the embankments give protection from
oods up to the specied frequency of say 1 : 25 years or 1 : 100 years. If higher oods come, the
embankments are over-topped and they are breached causing serious ood damages. Adding to the
problem, building activity takes place behind the embankment in the false hope that the protected area
is safe. On the plus side, inspite of the deciencies mentioned above, the demand for providing ood
embankments has been on the increase and since the areas behind the embankments are protected
from frequent ooding, they are available for cultivation during monsoon as well as rabi seasons.
Embankments also protect built up areas in towns and cities. However, care has-to be taken to ensure
that building of embankments in one river reach, does not cause damages in the adjoining and lower
reaches.

If a broad review is taken on the performance of embankments, it must be admitted that 16,199
km of embankments constructed between 1954 & 1997, have provided effective protection of large area
of nearly 17 Mha out of 40 Mha of ood-prone area. The loss of standing crops by recurring oods,
however, far outweighs the benets of deposited silt serving as fertiliser. Secondly, uncontrolled
unembanked rivers tend to meander in larger ood plains width inducing erosion problems and shifting
tendency. Admittedly, the embankments have certain negative environmental impacts such as non-
deposition of silt in the othen/vise flooded areas, loss of valley storages and consequent increase in the
level of waters within the embankments and high damages in case embankments breach due to
extraordinary high oods. Over a period of time, however, norms have been prescribed for determination
of design oods for embankments in rural and urban areas and regarding provision of breaching sections
at appropriate locations etc.

River Kosi has shifted about 110 km from east to west from the beginning of the 18th century.
‘ In this process, the river swept over an area of 13,000 sq.km in India and 1,000 km2 in Nepal depositing

sand and silt. The spacing between the embankments varies from 5 to 6 km. Inspite of wide spacing, the
banks are on attack from time to time. The embankments have been largely succeeded in jacketting the
river and the areas outside the embankment have been largely protected from the oods, except for
occasional breaches, but there is a fairly serious problem of drainage congestion. Within the
embankments sediment has been deposited but the levels of the deepest channel have remained almost
unaltered. 1

The Commission recommends that performance review of selected embankments may be

carried out and based on the ndings, the planning, design and management of embankments may be

reviewed for obtaining better results. It is essential to associate the beneciaries in‘ the upkeep and

surveillance of the embankments during the monsoon season for prevention of possible breaching.

The impact of sediment transport through embanked channels has not been given adequate
attention. This subject is very complex. The data regarding the quantum and quality of silt for different
discharges should be collected and analysed for ensuring that the embanked channel has adequate
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Dams and Flood Moderation

Floor! Moderation in DVC : Four dams were constructed in Damodar Valley Corporation
Systems. Flood moderation was envisaged using the ood cushion provided in these reservoirs.It is estimated by the DVC authorities that a ood of 33,414 cumecs would have been
experienced below Durgapur, had there been no dams, thus surpassing the design ood of
28,316 cumecs. However, D.V.C. reservoirs provided substantial relief from oods as seen from
the Table below.

Regulation of 1978 Flood
Location With DVC Dams I Without DVC Dams

3-hourly peak 3-hourly peak 3-hourly peak 3-hourly peak
inow (cumec) outow inow (cumec) outow (cumec)

cumec)
At Maithon and I 21,917 4,615 t 26,958 26,958
Panchet
At Durgapur l 10,732 l 10,732 l 33,414 33,414

The benets in terms of avoidable ood damages have been much more considering the
gradually reduced carrying capacity of the river Damodar in view of the encroachment of ood
plains by buildings and habitation, especially by industries and public utilities.

Ukai Flood Moderation : Ukai reservoir is the terminal reservoir on the river Tapi in
Gujarat. Devastating oods of 1959 and subsequent damages to the riverine villages and the
city of Surat underscored the need for Ukai reservoir to moderate the oods. Ukai multipurpose
project envisaging irrigation, hydropower and ood control benets was sanctioned soon
thereafter. Ukai multipurpose reservoir provides a live storage of 7,092 Mm3 (5.75 maft) and
ood cushion of 1,332.25 Mm3 (1.08 maft). The dam was built in early seventies. It was
planned that the maximum project ood of 0.495 lakh cumecs (17.5 lakh cusecs) could be
moderated to 0.24 lac cumecs (8.5 lakh cusecs) by utilizing the ood cushion and resorting to
advance releases after establishing suitable ood forecasting and warning system. While Ukai
reservoir has provided considerable relief from oods by way of reduced frequency and
moderation, the areas downstream, especially the urban areas of the city of Surat, have
developed without adequate regulation and control. As a result, when 1998 ood came, huge
damages occurred even with a peak incoming ood of 0.26 cumecs (9.25 lakh cusecs) in Ukai
reservoir.

.

Earlier gure of safe ood for Surat viz. 0.24 lac cumecs (8.5 lakh cusecs) now requires
to be lowered due to reduced ood carrying capacity of Tapi river in Surat city area. A total
review of ood plain encroachments, afux causing structures and ood embankments (partially
built) is now necessary for evolving an appropriate ood forecasting and warning system (which
needs to be strengthened and modernised for computer simulation of incoming oods) and
reviewing of design ood embankment and sluice gates for protection of the city of Surat.
Creating mock oods periodically is also being considered.
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especially for inter-State river basins and has prevented large potential damages to both life and

property.

III. Hydropower

4.27 River valley projects are an important element of optimum and integrated - water resource

development planning. Large multipurpose storages provide benets of irrigation, hydropower, ood

control and water supply. The cost of dams is allocated amongst different uses, thus reducing the cost of

each benet. Hydropower, therefore, contributes not only to the larger availability of water but also to

the reduction in the cost of benets. In some cases hydropower competes with other uses such as

irrigation or water supply, while in others it becomes a by-product of other priority uses. An overview of

hydropower including the future scenario is, therefore, necessary in the context of long term and

sustainable availability of water for meeting the future demand.

Water is also a source of energy. Water generates electricity when it is allowed to fall to a lower

level through turbines and after power generation, water can again be used for other benecial uses.

The hydro-electric projects which have inherent ability for quick starting and stopping and almost

instantaneous load acceptance and rejection, are ideally suited for meeting the peak hour demand and

for enhancing system reliability in the most economic manner. The operation of hydro power projects is

environment friendly and does not pose adverse impact unlike the thermal projects which have the

associated problems of emissions and solid waste disposal. The hydro power projects have longer useful

life spans. The hydro-electric projects are generally located in remote hilly and inaccessible areas and

implementation of hydro power projects enables accrual. of incidental benets of development of

road/rail communications, electrication, industrialisation and improvement of the quality of life in the

backward areas. Contrary-wise there are also adverse effects on forests and environment and on

human beings in the form of displacement of people. Hydro power is the cheapest in the long run

amongst the various sources of power supply. It has no fuel cost and is thus almost free from

operating cost escalations. It is renewable in nature and promotes conservation of non-renewable fossil

fuels. For an efcient and optimal operation of a power system, an optimal hydro/thermal mix (40:60) is

considered necessary. However, of late the proportion of hydro power is going down (see Fig. 4.3). The

present hydro/thermal mix of about 25:75 calls for increase in hydro power capacity. The operation of

thermal plants at a very low load (during off-peak period) would adversely affect the efciency of the

system, the plant life and fuel consumption. Installation of hydro power plants will help in improving

operational reliability, stability of the power system and also in optimising the operational economy and

meeting the peak load requirements.

Notwithstanding the availability of vast potential in India and many benecial aspects, the pace of

hydro power development has been slow due to a number of reasons such as delays in project

formulation, need to preserve the pristine ecology of certain regions in the interests of the larger

environmental considerations, such as, biodiversity; rehabilitation and resettlement problems of affected

people and the inherent delays in the construction of hydro power projects.

4.28 Potential and Status of Development

The rst systematic and comprehensive study to assess the hydro-electric resources in the

country was undertaken during the period 1953-1959 by the Power Wing of the erstwhile CW&PC.

These studies placed the economic hydro power potential at 42,100 MW at 60 percent load factor

(corresponding to an annual energy generation of 221 billion units). The re~assessment studies of

hydro-electric potential of the country, completed by Central Electricity Authority in 1987, assessed the
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The potential of a hydro electric project represents the energy content of the scheme and is being
expressed at 60 percent load factor which has been considered common basis for operating a system
involving various modes of generation. The potential in MW at 60 percent L.F. merely conveys that the
output using full potential would be generated on continuous pattern for 60 percent time in a day (for
about 14.5 hrs). The installed capacity of hydro power projects would, however, vary from project to
project in view of their type and actual load factor of operation. Therefore, the installed capacity of hydro
power projects requires to be xed, taking into consideration the requirement of peaking in an
interconnected grid and would vary from project to project. If a hydro power project was to operate at
15 percent load factor for supply of power during peak demand, the project of potential of say 100 MW
at 60 percent load factor would call for installation of 400 MW, since both these modes of operation
would provide the same energy content. Hydro power project could, thus, obviate the need for installing
thermal power station of a capacity equivalent to peaking requirement from the thermal station.
Basinwise hydro power potential is depicted in Fig. 4.4

As on August,1998, the hydro—electric schemes in operation account for only 15.44 percent and
those under execution account for 6.94 percent of the total possible potential at 60 percent load factor.
The basin-wise and Region/Statewise details of potential and its Status of development are given at
Annexure-4.5 & Annexure-4.6 respectively.

In addition, a systematic study for the development of small hydro potential has been completed
in 1996 by the CEA. As per this assessment, 1,512 small hydro-electric schemes having aggregate
installed capacity of nearly 6,782 MW on canal falls/rivers, have been identied. The State-wise/region-
wise break-up of small potential is given at Annexure-4.7.

It is recommended that such reassessments should be made periodically keeping in view the
consumptive requirements from upstream of the reservoir and from the reservoir itself according to the
state plans since such requirements for irrigation and water supply would generally enjoy higher priority
of use and would result in lower hydro power generation.

4.29 Trends of Development of Hydro Power Potential

The rst hydro power project in India dates back to almost a century to the year 1897 when a

small station, Sidrapong, with a capacity of 2x65 kW was commissioned at Darjeeling. The pace of
progress of power development including hydro power development upto Independence was rather
tardy, with a total installed capacity of 1,362 MW. The hydro power capacity addition was only 508 MW
in a period of 50 years since the rst hydro power station was constructed in 1897. Soon after
Independence, the need to generate more power for the country's all-round development was
recognised and the pace was accelerated.

Since Independence, hydro power development has experienced a steady rise from 508 MW in

1947 to 22,007 MW (as on August, 98). The share of hydro power in the total installed capacity rose

upto 50.62 percent in 1963 but thereafter experienced a steady decline and at present accounts for only
24.85 percent of the total capacity. The year-wise gures of total capacity, hydro capacity and share of
hydro power are given at Annexure-4.8. The increased share of hydro power upto 1963 may be

attributed to the high priority being accorded to irrigation and the implementation of a number of
multipurpose river valley projects. With the growing demand for power, emphasis shifted to coal-based
thermal projects, many at the pit heads due to shorter gestation period as compared to hydro power
projects.
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government:

In order to promote small hydro power development, Government of India has announced attractive

packages under Hydro Policy for exploiting small hydro development. It has decided that small hydro

electric schemes upto 25 MW would be dealt with by MNES (Ministry of Non Conventional Energy

Schemes) to enable the utilisation of various incentives. There were constraints of funds for this vital

activity which resulted delays in project formulation. The World Bank and Asian Development Bank have

shown interest towards funding this sector. Concentrated efforts are required to make full use of this

facility, so that bankable DPRs using advanced technology are prepared with the help of experienced

international consultants.

Pumped Storage Development: This would provide much needed electrical energy to meet the peak

demands at an economical cost. Water is pumped from lower reservoir to an upper reservoir using the

energy available in off peak hours and hydro power generated during peak demand hours using the

water so pumped. In northern, eastern and western regions of India, the hydro proportions in the

energy supply is very small (12 to 13 percent). Pumped storages in these regions would meet the rising

peak demands at a lower cost compared to new additions of thermal / atomic plants. Pumped storage

plants use the energy of thermal / atomic plants, in off peak hours, thus, preventing efciency loss and

reducing the plant load factor. The CEA has accordingly undertaken an extensive survey covering the

entire country and has identied 56 pumped storage schemes having a potential of 94,000 MW. The

status of 14 pumped storage schemes is given in Annexure — 4.11.

The policy contains measures for accelerating land acquisition, resettlement and rehabilitation

and catchment area development. It also deals with rationalisation of hydro power tariff.

The Commission would recommend the following measures, in addition to those initiated by the

The details of the resettlement and rehabilitation policy, which has been under consideration for

sometime now, may be nalised early. This important aspect is discussed in chapter - 12 on Water

Quality and Environmental Aspects.

Steps should be taken to reduce the long gestation period besides conducting thorough

investigation, explorations and preparing DPRs taking into consideration the guidelines of MOEF and

taking steps for early approval both at the State and/or the Central level. Advance action should be

taken to provide the infrastructure facilities such as roads, assessment of quality/quantity of construction

material and preparation of detailed contract documents. It has to be remembered that a project which

is well planned, well investigated and let out under a well prepared and unambiguous contract document

would provide a good start and hold promise for timely execution and help prevent contractual disputes

and allegations. The preparation of realistic programmes, both physical and nancial and monitoring the

same using latest techniques such as PERT and other softwares, would generate status reports which

could be reviewed from time to time and remedial action taken. It is also necessary that decision making

process is decentralised and quick decisions are taken at all levels.
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 i
could be located close to the hydro project sites. This would attract private participation and accelerate

hydro-power development. The other measures suggested for the purpose may be classied broadly in

two parts; the rst as a short term strategy and the second as a long term strategy. The short term

measures include - full nancial support to public sector on-going schemes, thorough survey and

investigations and preparation of DPRs strictly in accordance with norms, effective monitoring, sorting

out implementation problems where necessary, completion of R&M and Uprating of undertaken plants,

small hydro development, etc.

The long term strategies include creation of hydro development fund, expediting the hydro power

potential review in consonance with environmental concerns and resolution of inter-state disputes in

case of attractive projects, promotion of Joint ventures, tariff rationalisation, attractive R&R policy etc.

The recent announcement on Policy for Hydro Power Development, referred to above, would certainly

help in giving a push to hydro electric development in the country, but effective and integrated

implementation is vital for its success.

IV. Inland Water Transport

4.33 General

Inland Water Transport (IV\fl') cannot be left out of water resources planning, since for the rivers

to be navigable, there has to be a water course of sufcient depth and width. As more and more water

is extracted, available draft gets reduced for economic navigation.

Inland Water Transport used to occupy a very important place in the transport system of yester

years in India and had developed much earlier than other modes of transport. However, with the

advent of railways and modern highways coupled with the poor organisation and management of river

services, navigation in the rivers gradually declined and inland water transport lost its importance with

the passage of time. Heavy siltation in the lower reaches also rendered established facilities out of use.

At present cargo transportation in an organised manner is conned to the States of Goa, West Bengal,

Assam and Kerala.

The navigable inland waterways in India comprising river systems, canals, backwater, creeks and

tidal inlets extend to about 14,500 km. Of these, about 7,800 km is navigable by country crafts.

however, due to draft restrictions, navigations by mechanised craft is possible only for about a length of

5,200 km in major rivers and 485 km in canals. The reasons for such low utilisation of the waten/vays

are attributable to the non-maintenance of navigable channels and low cargo offerings.

The rivers like Ganga, Brahmaputra, Mahanadi, Narmada, Godavari, Krishna, Mandovi and Zuari,

Tapi, the waterways of Sunderbans, the creeks in the east and west coasts, etc. provide facilities for

inland water transport. Some of the important canals having navigation potential are the Cumbarjua

canal in Goa, Buckingham Canal in Andhra Pradesh and Tamil Nadu, West Coast Canal in Kerala, DVC

and Krishtopur Canal in West Bengal and Orissa Coast Canal in Orissa. The total navigable length of

canals is about 4,300 km. However, navigation by mechanised crafts is presently done only for short

lengths.

The total cargo moved by Il/l/T is presently about 16 MT. corresponding to just over one billion

tonne-km out of the total inland cargo of about 900 billion tonne km. Lack of infrastructural facilities, lack
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National Waterway No.1(The Ganga)

The Ganga-Bhagirathi-Hooghly river system from Allahabad to Haldia (1,620 km) was declared as
National Waterway No.1 vide National Waterway (Allahabad-Haldia Stretch of the Ganga - Bhagirathi
Hooghly river) Act, 1982 (49 of 1982). It became operative from 27 October, 1986 after the formation of
the IWAI. The Hooghly river portion of the waterway from Haldia to Nabadwip is tidal.

From Nabadwip to Jangipur the waterway is formed by Bhagirathi river, which is a regulated
because of the barrages at Farakka and Jangipur and where a navigable depth of 2 m is maintained
throughout the year. The Feeder Canal and the navigation lock at Farakka become the link between the
Bhagirathi and main Ganga up-stream of the Farakka barrage. Public sector Central Inland Water
Transport Corporation (CIWTC) and private operators operate vessels between Haldia and Varanasi.

National Waterway No.2 (The Brahmaputra)

The Brahmaputra from Dhubri to Sadiya (891 km) was declared as National Waterway No.2 vide
National Waterway (Sadiya-Dhubri stretch of the Brahmaputra river) Act, 1988 (40 of 1988). Under an

agreement with the Goveggment of Bangladesh, the CIVVTC and other Indian vessel operators are plying
their cargo vessels betw n Assam and Calcutta region making use of IV\/T transit facilities through
Bangladesh. Public Sector CIV\fl'C, I\/VT Assam and private operators operate in Calcutta-Pandu-
Dibrugarh sector.

National Waterway No.3 (The West Coast Canal)

The West Coast Canal from Kottapuram to Kollam was declared as National Waten/vay No.3 vide
National Waten/vay (Kollam-Kottapuram stretch of West Coast Canal and Champakara and Udyogmandal
Canals) Act, 1992 (33-F of 1992) and notied on 15‘ February 1993. From Kottapuram to Kollam
including Champakara and Udyogmandal canals it has a navigable length of 205 km. The waterway
comprises of natural lakes, back-waters, river sections and man-made canal sections. Cargo vessels of
public sector and private operators operate in the Champakara, Udyogmandal routes and Kochi-
Edapallikota route.

The other potential national waterways are the Sunderbans, Godavari, Krishna, Mahanadi,
Narmada, Mandovi, Zuari Rivers and Cumbeijua Canal in Goa, and the Tapi.

4.36 Future Development and Plans

The inland cargo estimated to be moved by 2000 would be to the tune of 1,200 billion tonne-km.
Though estimates for 2050 are readily not available, the inland cargo to be moved would be very high.

The present transport modes i.e. the road and rail, have been stretched to their limits.

If necessary infrastructure is provided and the reliability of I\/\/T operation is demonstrated, a shift
of mode from road to IWT will be automatic, propelled by market forces. A shift of 20 billion tonne km

to the IV\/T would result in an annual fuel saving of about Rs.500 crores and the annual savings on cost

of transportation would be about Rs.900 crores in comparison to the cost of transportation by road.

I\NT development needs basic infrastructure like the fairway, terminals and navigational aids. It
is unlikely that agencies other than Government would come fon/vard at this stage to put up sizable

investment, as return on investment in such infrastructure is not yet clearly visible. It is imperative that
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considerable variation in the per capita water supply to urban areas; it ranges from 9 lpcd to 584 lpcd

and in rural areas from 5 lpcd to 70 lpcd. In the rural areas, 97 percent of rural population is said to

have been covered, leaving a balance of around 30,000 NC (Non covered) and 1.50 Lakh PC(Partially

covered) habitats.

The Ninth plan strategy for rural water supply seeks to attain universal coverage of drinking

water in no source villages/habitations so that at the end of the plan (2002 AD), every habitation has

access to potable drinking water. A habitation based approach is to be adopted instead of a village

centered one. The highest priority is to be given to all the remaining “no-source” and “poorly served"

(less than 10 lpcd) villages/habitations as well as those facing acute water quality problems.

Thereafter, prioirty is to be given to other partially covered (11-40 lpcd) and water quality problem

habitats. In each category, completion of ongoing schemes is to be given preference over new

schemes. ~

The Planning Commission's projections are based on a minimum of 40 lpcd in all rural habitats.

The Chief Ministers’ conference on water supply held in July, 1996 suggested, inter alia, that the

minimum norm for rural areas should be raised to 55 lpcd and that the distance norm should be

reduced from 1.6 km to 0.5 km in the plains and to 100 metre vertical distance in hill areas. For urban

areas, the Planning Commission has adopted a norm of 125 lpcd where piped water supply and

underground sewerage system are available and 70 lpcd, where no sewerage system is available.

It has been estimated that to achieve the goals of the Ninth Plan, the following outlays will be

necessary:

Urban water supply & sanitation Rs. 26,300 crores

Rural water supply and sanitation - Rs. 40,000 crores

Total :
Rs. 66,300 crores

Source: N/nth Five Year P/an, V0/ume-H.

The Ninth Plan document shows that the total plan outlay under water supply and sanitation

will be Rs. 39,155 crores only. It follows that unless other means of achieving the targets are

considered and implemented, 100 percent coverage envisaged will be further delayed. The shortage

in urban sanitation programme will be particularly severe.

The source of water is an important consideration in the development of water supply

schemes as the quality, quantity and cost of development depend on it. Based on studies in four

t te nlamel Andhra Pradesh Karnataka, Orissa and Maharashtra, it was found that urban water
s a s, y ,

supply systems are based in 25 percent of the cases on ground water, 60 percent on surface water

and the rest 15 percent from both. The surface sources are rivers, canals, reservoirs and lakes and

subsurface water is from inltration galleries, collector wells, borewells and deep tubewells.

In the case of large cities, nearby traditional water sources are now either exhausted or will

get exhausted soon. Cities, therefore, have to reach out for sources that are far away and very

expensive to develop and convey. A few examples are given below:
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The Ministry of Urban Development, with the help of the National Environmental Engineering

Research Institute (NEERI), conducted studies on leaks in water distribution systems. Investigations

were carried out in 13 cities, including Delhi, Calcutta, Mumbai and Chennai. It was observed that
about 17 to 44 percent of the total flow in the distribution system was lost as on account of water

through leakages in mains, communication and service pipes and leaking valves. In terms of per-

capita supply, this works out to 16 to 92 lpcd. About 82 percent of the leakage occurred in house

service connections because of corroded pipes, couplings, ferrules and disused connections. The

remaining 18 percent occurred due to leakages in main pipes. The investigations showed that if water

mains were kept clean and repairs to valves were done in time, the carrying capacity of pipes could be

increased considerably and wastage could be brought down to 10 to 12 percent of the supply.

Poor maintenance of and intermittent supply from the mains compels consumers to resort to

collection of water in sumps and over-head tanks and some of them living in high-rise buildings instal

booster pumps directly on the mains. Since these are not also properly maintained and cleaned

periodically, water quality is affected and in order to make the water potable, lter systems are

installed. Again, they are not also maintained properly and add their own contamination after a period

of time. Thus, in spite of huge public costs in development, treatment and conveyance and huge

private costs in sumps, pumps, boosters, over-head tanks and water-lters, the result is unsatisfactory

water l This is a costly vicious circle, which can be broken only by instilling the discipline of

maintenance at every level. The need for high priority to maintenance and for putting in place leak

detection and preventive measures, as part of an effective O & M schedule, is obvious. Improved low

cost technologies have to be developed and adopted to save cost of construction and maintenance.

This is essentially an organisational and management responsibility and utilities should be held

accountable for it.

Another important paradigm shift that is necessary is to emphasise demand management. The

rst step in demand management is to promote a conservation ethic all round and especially among

users. Public awareness should be generated through a massive campaign of communication through

all available media and by the utility management itself setting an example for conservation. All urban

dwellers should be made aware of the source from which water is being brought to the city and from

which additional water will have to be brought in the future. They should be aware of the costs

involved, not only in nancial terms, but also the costs that other communities have to incur in terms

of opportunity lost by not using the water.

The utilities on their part have to adopt and implement several conservation measures. The

measures for water conservation should include metering of supplies as a matter of policy and

increase in tariff rate on a sliding scale. Use of treated efuents, in place of ltered water for

horticulture and large gardens, and tting of waste-not taps on public stand-posts to avoid wastage of

water should be encouraged. Public awareness needs to be created for reducing water consumption.

Water saved is water produced. Women's participation is to be encouraged to the maximum as they

are the major users. Wherever feasible, articial recharge of ground water and rain-water harvesting

have to be encouraged. Instead of constantly looking for new and distant sources of water supply,

the local bodies should lay emphasis on water harvesting. This means that the development of water

bodies, which either feed reservoirs or permit groundwater recharge, should be encouraged as a

source of supply. For this purpose, some state assistance could be extended by way of incentive. The

rooftops of various buildings could be used wherever possible as hard catchment of rainwater for use

after treatment. The rainwater that falls on the rooftops can be harvested for ground water recharge

suitably in the Metropolitan towns especially in large buildings, housing and institutional complexes.

Existing building bye-laws have to be suitably amended to encourage construction of underground
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CALCUTTA’S WATER SUPPLY — PSEUDO — VOLUMETRIC TARIFFJ

ICalcuttas population has rapidly increased from 0.7 million at the beginning of thecentuiy to 11.00 million to-date and is expected to increase to 17.62 million by 2015.Calcutta Municipal Corporation does not face water scarcity, as sufficient water is availablefrom Hoogly River and public ground water wells, though the quality of ground water is notgood. The major concern is the poor performance of 60-150 years’ old conveyance systemwhich has 35 percent unaccounted for water loss, high energy and O & M cost and as resultof which supply to a part of the metropolitan area is erratic. Short and long-term plans fornext 10 years are expected to increase surface pumping and ltration capacity to 380 MGDbesides improving the efciency of conveyance system. New tariff structure incorporatingfour components - ferule, the pressure in supply segment leading to user's intake anddistance and height of user's intake from supply junction-being established will representvolume of water that potentially can be used by the user. Since the tariff system in voguedifferentiates between the connection velocity (ferule) and the type of customer, it isanticipated that the pseudo ~ volumetric tariff will provide incentives for the users to requestfor replacement of ferules (to lower diameter) if they feel that they use less water then thatbeing potentially provided to them by their existing ferule. Charges for water are expected totriple compared to Rs. 780 per year being paid at present.

Source .' A . Dinar and M. 5a/eth

There is thus an urgent need for revision of the tariffs in most cities to cover not only theO & M cost but also part of the capital cost, depreciation, debt service, plus some reserve fund. Inline with the 74“ Amendment to the Constitution and the Approach to the Ninth Five Year Plan, theresponsibility for water supply and sewerage services should be devolved upon municipalities.Municipalities should be able to discharge this responsibility directly or through contracts with serviceproviders and should determine coverage, service standards/levels and tariffs. Some municipalitieswhich do not have the capacity to run their own water sen/ices will need to discharge theirresponsibility by contracting with a service operator. In small towns and cities where the municipalitiesdo not have the capacity even to choose a water service operator or to negotiate effectively, it wouldbe necessary for the state Government to assist them.

5.5 Suggested Measures for Revenue Generation

The water supply and sanitation sector which has been treated as a social service and welfaremeasure will have to become economically viable and sustainable in the long run and for thatmetering of water supply system and cost recovery would play the most important role. Illegalconnections will have to be identied and regularised, wherever feasible. The connections will haveto be metered more so for bulk supplies. Meter repair workshops to repair defective meters will haveto be established. Since major part of the leakage is found in the distribution system and premises, oldand dilapidated pipelines in the distribution system will have to be replaced after carrying out leakdetection studies. Restructuring of water pricing is needed in as much as only about one-tenth of onepercent of the annual expenditure of an average family is spent on water. In fact, the water pricingstructure should have adequate built-in nancial deterrent measures so that consumption remainswithin the allotted quotas (which needs to be decided) and thereby avoid over-use of water,
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COMMUNITY PARTICIPATION — RURAL WATER SUPPLY SCHEMES

Swa ial Proiect in UP

Community participation, in a full edged manner, right from planning stage of the
programme through implementation and up to operation and maintenance stage, has been
successfully integrated in the ongoing World Bank assisted Rural Water Supply Programme
in parts of Uttar Pradesh, and has been achieved through legally constituted “Village .Water
& Sanitation Committee” (VWSC) representing the community. Empowerment of women is
the salient feature of the programme. Community makes choice of the technology and service
levels through specially designed feasibility process. Community has control over the
construction funds as well as procurement of materials. NGOs act as social intermediaries,
provide ow of information to the community and explain the rules of the game.
Transparency in operation is ensured.

KER/ILA
l

Community participation in Rural Water Supply (RWS) in Kerala deserves mention
and is achieved through formation of representative groups in each habitation/ward covering a
population of 2,500. The Ward Water Committees (WWC) carry out extension activities of
the water supply programme. Some of the activities are a) site selection for public
taps/latrines; b) setting distance norms; c) surveying existing stand posts; d) identifying local
problems; e) providing training and information regarding maintenance of public taps and f)
establishing link between the users and relevant institutions like Panchayats, Water Authority,
health departments and voluntary organisations. Community participation is also ensured in
identification, information collection, installation and operation and maintenance.

Maharashtra

Ongoing World Bank - assisted project in Maharashtra State having an outlay of
Rs.504 crores covers 1,200 villages and two small towns. While O & M responsibility in
respect of single village scheme based on hand pumps etc. rests with village Panchayats, that
of group schemes covering villages rests with Zilla Parishads. Water tariff has been recently
revised from Rs. 150 to 250 per year in respect of stand post and from Rs. 350 to 450 per year
in respect of individual household connection, and it is adequate to cover O & M expenditure.

i Village level Water Supply and Sanitation Committee (VLWSSC) comprising one
2 representative from each ward and giving 50 percent of representation to women and
‘ii proportionate representation to SC/ST communities is entrusted with O & M and sanitation.

‘ Source." RGND WM

5.7 Waste Water Management-Standard of Sewage

The Bureau of Indian Standards (BIS), previously known as the Indian Standards Institution
(ISI), has laid down standards for sewage effluents vide IS : 4764-1973, and for industrial efuents
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iron, arsenic and nitrates. Removal of these constituants, when present in excess form, is necessary
and special processes have to be adopted for removing them.

Water has environmental health implications because water in adequate quantity and quality
is essential for the sustenance of health and hygiene. These include issues of water quality ranging
from agro-chemicals, industrial pollution and domestic pollution, impacts of water use on groundwater
levels including its depletion. Waterlogging, salinity, soil erosion and siltation, degradation of wetlands
and impacts on ora and fauna are other various health-related problems. Many of these problems are

less evident to the general population than the more visible quantity-related issues. Groundwater
related issues, for instance, are gradual in impact. Similarly, water quality and water quantity issues

are inter-linked. The preservation of water quality has direct implications for water supply as water
quality determines effective water availability. Besides environmental health implications, water quality
also has a direct relation to human health. Potable water and adequate sanitation facilities,
undoubtedly, reduce health hazards such as cholera, typhoid, infectious hepatitis and bascillaiy

dysentery. As already stated, the urban water supply system often suffers from contamination because

of it being of intermittent nature. Unauthorised installation of booster pumps by users themselves

directly on the mains, defective alignment of water and waste water networks causing intermixing of
sewage and drinking water, aging of the water supply networks and over exploitation of ground water
are some of the other causes of contamination.

Ground water being the principal source of supply in rural areas, over-exploitation and

increasing pollution and contamination from point and non-point sources create considerable water
quality problems. Excessive uorides, arsenic and iron cause suffering to large population. They are

gradual in their impact and, therefore, all the more insidious. Immediate remedial action should be

taken early enough in such cases and for that the system of water quality monitoring and surveillance

should be institutionalised.

The Central Pollution Control Board (CPCB) which is the nodal agency for organising water

quality monitoring has developed primary water quality criteria for the use of freshwater for various

categories of benecial uses ranging from drinking water, outdoor bathing, propagation of wildlife and

sheries, irrigation, cooling and controlled waste disposal. This is discussed in detail in Chapter — 12

dealing with water quality and environmental aspects.

II. Water for Industrial Uses

5.10 Water requirement for industries in India, is ‘quite small compared to the quantity of water

needed in agriculture. However, when industrial demandfis concentrated in specic locations, heavy

point loads are created on available water resources. Water availability is a major factor in industrial

location, since non-availability of quality water and drought conditions have forced some industries to

shut down. Industries require water for processing, cooling, boiler feed and miscellaneous uses such

as washing,maintenance of yards and domestic requirement in townsliips. Mostly the industrial uses

are non-consumptive, thus making reusegthroulgh recycling and other conservation measures possible.

The amount of wateF'consumed for any product, therefore, varies widely depending upon the process

used, plant efciency, technology employed, the degree to which water is re-circulated andwother

factors. There are no xed norms for water demand for industries but rather a range of values

determined by the technology used, selection of plant and process, practice in providing maximum

recycling to reduce demand and pollution.
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 I
5_ Categow 0f Water Water Wastewater Total

1

NO the Industry Reguirement, Requirement, Generation, Wastewater

' m /ton/year Mm3/year m3/ton/year Generation,
1997 production Mm3/year

I

Starch Glucose & Related 11

Products
| Dairy 4.4

Maltry 9.35

Rice Mills 2.5 ‘

]_1_ Inorganic 5.5 96.8 4.0 70.4

Chemicals
]_2_ Sugar 2.2 36.2 0.4 5.3

]_3_ Pharmaceuticals 104.7 - 83.8

14_ Distillary (m3) 22 3939.8 12 40.15

' 15_ Pesticide 5.5 3.78 5.0 3.08

16_ Paper & Pulp '
1 175 830

Agro-residue based 220

Waste paper based 82.5 852.5

Large Pulp & Paper 275

Rayon grade Paper 2.2

17_ General Engineering 1271.4 175 1016

l i Grand total 15282.9 - *3878.3

* Rough est/"mate of toxic component is around 40 percent of waste water generated.

Source : CPCB

Apart from these 17 categories of industries, the small scale and village industries were also

taken up for calculating the water requirement. Their requirements are quite modest. The CPCB has

also taken inventory of small scale industries and worked out the water consumption for such

industries. The quantity of water consumption of the industries in the year 1996-97 is presented in

Table 5.3 below:

Table -5.3

Water Consumption by Industries (Year 1996-97)

i S. No. U Industry Mm3/year

1. I Large & Medium Industrie

U1

15,282.92

2. Small Scale Industries 6,882.15

Total 22,165.07

Source: See text.

Baseline gures for water requirements in industrial sector were identied for the year 1996-97

for which production gures were available. The computation involved superimposing the minimum

per unit water consumption gure on the production gure to get the water requirement for a

particular category of industry. For each of the industrial sector, the water requirement was

individually calculated. In some sectors, subsectors were identied, based on the type of industry and

the difference in technology to work out the water requirement gures. Finally, all the individual water

requirements were summed up to estimate the national water requirements.
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waste technologies, the National Commission after deliberation recommends adoption of lower gures
viz. 67 Km3 and 81 Km3 respectively as indicated in Chapter — 3 of the report. '

5.11

were functioning in a shortage situation,the sector had no compulsion or incentive for water
conservation. Indeed, cases abound where industrial plants including those established in India with .

foreign Collaboration consume 2 to 3.5 times more water per unit of production compared to similar I

plants operating abroad. The conservation of water by industrial units depends upon the supply price ‘

of water, as the higher the price of water, the higher will be the incentive to practise water
conservation, which would include (i) economy in water use and (ii) re-cycling and re-use of water
after treatment. As stated earlier, there is no xed demand for water for each industry, as it varies in

a given range due to adoption of different technologies.

5.12

Possibility and Extent of Reuse of Water in Industries

In the subsidised and licensing era of planning in which several industries were monopolies or 3

Re-cycling and Re-use of Industrial Efuents

Recycling is dened as the internal use of waste water by the original user prior to discharge to
a treatment system or other point of disposal. Waste water is recovered, treated or untreated and

then recycled for repetitive use by the same user.The term reuse applies to waste waters that are
discharged and then withdrawn by a user other than the discharger. Waste waters potentially available

for reuse include discharges from municipalities, industries and irrigation. Reclaimed waters after
treatment are generally used for “agricultural” irrigation, cooling water, algal cultivation and

pisciculture, apart from other industrial uses. India, though predominantly rural, has still a large

urban population. The urban centres are also the nuclei of industrial growth. The wastes (efuents), if
reused within the industry with/without treatment as permissible would help in minimising fresh water
requirements while achieving reduction in waste water volume for nal treatment before discharge,

deriving economy at both ends. The case of Madras Reneries Limited (MRL) is an eye opener where
it is acquiring sewage from the local Municipality for utlising in the renery after treatment. This was

necessitated by the acute shortage of water in that area. According to a recent survey conducted by

the CPCB, although about 85 percent of the total number of large and medium water polluting
industries in the country have efuent treatment systems, their performance, in most cases, is found
to be far from satisfactory.

There is now a global awakening on pollution control through recovery of reusable matter from
waste effluents. Table 5.5 below illustrates the range of recoverable matter from industrial waste

water:
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and zinc from rayon waste easing pollution problems and at the same time recovering products of
commercial value.

Each____industry needs effective nganagement strategies. This should be preceded _by_ a
comprehensive water audit of the industry concerned. ,Water audits of some water intensive
industries in India by the Bureau of Industrial Costs and Prices show that with a proper water
management strategy as well as some capital inputs, it should be possible for Indian industry to
conserve wateriand also reduce pollution levels. Benets of recovery systems in different industries
(which is a lucrative proposition as indicated above with a payback period of 2 to 5 years) are listed in
Table 5.7. '

Table — 5.7

Benefits of Recovery System in Industries
Industry Total waste Total cost Net annual Investment Remarks

water flow of plant recoveiy pay back
(m3/d) (Rs. x103) (Rs. x103) period (yrs.)i

Textile 6450 4625 4375 1.05 Recycle in
Industry process house.
Alcohol 1725 2250 975 2.30 Reuse of energy in
Industry process house.
Food 1460 10500 4250 2.47 Recycle for
Processing Irrigation/process house

and reuse of energ_y.
Viscose 4500 200 36 5.5 Recovery and Reuse of
Rayon Zinc; Foreign Exchange

saving.

Source: Tyagi er a/., 1994

Control of pollution at source to the extent possible with due regard to techno-economic
feasibility would necessitate recycling of wastes at every stage of production. In case of metal
processing industries, the waste effluent contains recoverable metals which if not extracted are lost
in aqueous solution, resulting in pollution. Taking nickel, zinc etc. as examples, there are various
techniques for metal extraction from waste effluent e.g. precipitation, electrolysis and ion-exchange.
In case of manufacture of organic chemicals, recovery of organic chemicals is possible and is being
practised even in this country, for instance, recovery of dilute acetic acid, resorcinol and meta
aminophenol, cumence and alphamethyl styrene.

Root Zone Technology

The root zone technology is basically a man made wetland where wastewater is kept at
or above the soil surface for enough time during the year to maintain saturated conditions and
appropriate vegetation. The three essential components of the system include the soil, the
appropriate vegetation such as reeds, cattails. bulrushes and sedges and the microbial
organisms. The system has been used in Europe and U.S.A. for treatment of industrial
wastewaters including efuents from textile plant containing over 250 organic chemicals,
ammonia liquor from a steel industry and acid mine drainage. COD reductions of 84 percent
have been reported from textile plant effluents with COD around 1500 mg/1 at hydraulic
residence time of 28 days.

Source: Manual on Sewerage and Sewage Treatment, CPHEE
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groups of industries that generate hazardous wastes include inorganic and organic chemicals,
petroleum reneries, iron and steel, non-ferrous metals (smelting and rening), leather tanning and
nishing, and metal nishing. The major problem in respect of hazardous waste management in India
is the absence of a systematic assessment of the quantity and pollution potential of hazardous wastes.
Preliminary data gathered by Ministry of Environment & Forests (MOEF), CPCB and institutions like
NEERI and National Productivity Council (NPC) suggest that the disposal methods currently practised
for hazardous wastes management are not environmentally compatible. Notwithstanding the role of
chemical products in improved health and life expectancy, increased agricultural production, enhanced

economic Opp0l’tUl’ll’El€S and the quality of life in general, the products and residues of the chemical

industry pose unprecedented risks to human health directly through contact or inhalation and

indirectly through ingestion of contaminated water or food.Migration of chemicals through ground and

surface waters increases contaminants in drinking water sources and in turn are a potential risk to
human health. Chemical contamination of vegetation and crops through contaminated irrigation water,
application of sludges and deposition of air emissions results in trophic transfer of hazardous

chemicals. A variety of health hazards resulting from handling and disposal of hazardous wastes have

been documented. The severest amongst these include mutagenic, carcinogenic and teratogenic
effects.

CPCB is in the process of identifying criteria for zoning of areas for locating units handling

hazardous waste and waste disposal sites. Provisions for proper siting of industrial activity are found in

the Environment (Protection ) Act, 1986, which authorises the Central Government “to take all such

measures as it deems necessary for the purpose of protecting and improving the quality of the

environment and preventing, controlling and abating environmental pollution" {Section 3 (1)}. It is,

therefore, increasingly becoming important to properly locate the industries associated with potential

risks and to properly plan and identify the disposal sites for the wastes generated by these industries.

Presently the targets for industrial development are xed, but the sites for the industries to come up

are rarely pre-indicated thereby paving the way for haphazard siting of industries. Site selection is not

necessarily based on objective assessment of environmental aspects as the information base available

‘ for evaluating impacts and taking decisions on industrial siting is weak. Spatial planning

l (National/State/Regional/Town level) that internalises environmental considerations into various

sectors, namely, housing, trafc & transportation, industry and business, is lacking in the country.

T
Hence, the zones for siting of industries and of disposal of hazardous waste are not readily available

l
and as such, while allowing hazardous industries in semi arid and arid areas and insisting on Zero

l
effluent condition, industrial zoning should be done in a manner that water intensive industries are not

permitted. This will be specially applicable to industries releasing toxic effluents. The Ministry of

Environment and Forests under the Environmental (Protection) Rules, 1986, issued guidelines for

permitting/restricting industries and industrial units in the Dahanu Taluka, Thane District in

Maharashtra (Annexure-5.8). Under these guidelines, industries have been classied under three

categories viz. Green, Orange and Red. In arid and semi arid area, emphasis should be to promote

Green Category of industries failing which Orange Category of industries be permitted with proviso of

zero effluent condition. Setting up of Red Category of industries be prohibited all together. Hazardous

waste treatment and disposal, therefore, need to be properly planned and sited to protect people and

environment form adverse impacts. In addition, there is an urgent need for identication and

assessment of abandoned hazardous waste disposal sites and remediation of the affected sites to

prevent further damage to human health and environmental quality.
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basin-wise water quality management programme. It should also be recognised that the phenomenon

of dilution and dispersion in the ambient water body is an integral part of the basin-wide water quality

management and the management programme should take advantage of its availability provided that

certain basic minimal pollution control devices are installed at the polluting sources. While considering

the discharge of toxic chemicals such as arsenic, cadmium, chromium (hexavalent), cyanide, lead,

mercury and pesticides, the phenomenon of dilution and dispersion in the ambient water body should

be kept out of the ambit of consideration. The industry specic effluent standards which are being

evolved at the National level are to be recognised as “Minimal National Standards” (henceforth

abbreviated as MINAS) and envisage treatment of all wastes to certain minimum standards regardless

of the type of waste waters and locations. No State Board is required to relax on the “Minimal National

Standards", but if the quality criteria of the ambient water at some reaches warrant stricter efuent

quality, the State Boards shall prescribe that and thus would make the Minimal National Standards

altered to suit the location. This model is effective in halting the obvious pollution immediately and

envisages a steady progress in meeting the water quality objectives. It also provides a fair degree of

exibility to the Regulatory Authority for control of water pollution. The minimum treatment to be

provided to any waste water aims at the removal of the pollutants like pathogens by effective

disinfection, toxic substances, colloidal and dissolved organic solids, mineral oils and adjustment of pH

etc. The acceptability of the MINAS is linked to the techno-economic acceptability of the suggested

stage of treatment to the polluter which is possible by linking the annual cost of pollution control

measures (capital and capitalized operation, maintenance and repair cost converted into annual cost

or annual burden) to the annual turnover of the industry. The stage of treatment whose annual

burden remains within the critical percentage of annual turnover is generally accepted as minimal

stage of treatment for which the efuent standard is the MINAS.

5.17 Status of Toxic Waste Treatment Facility

Toxic wastes are of two types, namely Solid Toxic Wastes and Toxic Efuents. Specialised

treatment facilities exist in the country for selected categories of solid toxic wastes. Detailed

guidelines are available for handling and disposal of radio-active solid wastes to conform to National

as well as International standards. Special care is taken to ensure that leachates do not contaminate

soil surface and/or ground water resources even in the long run. Toxic effluents, however, are not

segregated in the industries and are often discharged mixed with other efuents. Generally, waste

water of industries such as sugar, distilleries, dairies, tanneries etc. can be treated by biological

methods such as stabilisation ponds, activated sludge process, trickling ltration, aerated lagoons etc.

Other industrial wastes such as pulp and paper, synthetic bre etc. have to undergo simple physico-

chemical methods of treatment, but the industries discharging toxic wastes such as electro plating,

metallurgical, caustic chlorine etc. may require more elaborate techniques. Special treatment facilities

are almost non-existent at present. Information provided by agencies like CPCB/State PCB indicate

that no reliable data is available in this regard. Therefore, it has not been possible to estimate the

economic cost of treating toxic efuents despite detailed guidelines and stipulations under the

National/International norms (Bessel convention). However, the selection and zoning of industries

needs a thorough analysis and planning before they are set up in any water basin. The concerned

State Government and other local bodies should have a coordinated approach in selecting and

locating industries of a specic nature with respect to their water requirement and facilities for

wastewater disposal. It calls for a concrete policy for zoning the water basins according to the types

of industries, quantity of water consumed and quantity of discharges containing toxic efuents. A

better plan should be made to reserve and allocate dependable and suitable water resources for the

industries in their location so that they can cope with the discharge standards, othen/vise it will be

very difcult to manage the pollution problems in the coming future.
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Table -5. 8

Statewsie Distribution of Desalination Plants

Z
_o§-n

State No. of plants No. of plants Total No. of

commissioned not commissioned Desalination Plants

'_|.

Andhra Pradesh
14(13)

!*-’

11 3

Gujarat 11 1 12 (12)

P’

G

Z (1)

rt‘

Maharashtra
Haryana 2

2
2

O

(1)

S"

Pondicherry

U0

-B

7 (5)

9‘

Rajasthan

Ch\l

-l>

71(44)

.\'

Tamil Nadu

l\)
@

l-'*

21 (19)

9°

West Bengal

l'-*-

|\3

3 (3)

Total 117

l-—*

U"|

132(9s)

5ource:5hah et al. (1997)
The gure in the bracket indicates number ofR0 plants.

53 out of 117 plants commissioned have capacity of 20 ml per 16 hr. of operation. Other plants are of capacities 10, 30, 50

and 100 m’/16 hr.

Total installed capacity of 132 plants is 3,700 m3 per day. As against this planned capacity, actual capacity of3,190 m3 per

day was commissioned.

The approved capital and operating costs of the projects are given in Table-5.9.

Table -5.9

The Capital, Operational and Maintenance
Cost of Desalination Plants

(M3/day) (Rs. In Lakhs) (Rs. In Lakhs)

10 6.0 t0 10.0 1.0 to 2.0

20 8.0 to 11.0 2.0 to 2.6

9.0 to 14.2 2.6 to 34

50 16.0 to 27.2 3.6 to 6.0

Capacity Cost of Plant Cost of O & M/ year

30

100 20.0 to 41.3 \ 7.0 to 11.0

50urce:5hah et al. (1997)

The o erating cost of Reverse Osmosis plant will vary with the size of plant, salinity of feed
P

water, electrical charges at specic location, raw water pumping depth, approachability of site and

maintenance facility available, design of pretreatment system besides purity requirements which vary

h h end use It is noticed that a large number of plants are not working to expectations and

wit eac .

could not supply potable water to village/community as per the contract. The reasons for this as

analysed by CSMCRI, Bhavnagar are: improper plant design, improper selection of membrane,

' d uate investigation of water quality, particularly iron and chlorine which foul the membrane, non-
ina eq
availability of electric power, non-selection of proper non-corrosive material for construction and

. . .

d. t.

untrained staff for operation and maintenance. It is also observed that there was no coor ina ion

d t te overnment agencies. The communities were also not taken into

between plant suppliers an s a g_ 167
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reservoir. Many more examples can be cited. As a matter of fact, easy accessibility to these reservoirs
by track or by jeepable roads has encouraged tourism activity around them besides being a substantial
source of revenue. With many of the Indian festivals involving mass bathing in the rivers and water
bodies, requisite quality and quantity of water in the designated reaches for recreation is imperative. It
is essential that these vital sources of recreation, scenic beauty and places of religious congregation
are presen/ed, protected and maintained properly.
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V\th the emphasis on large dams and canal systems and also due to socio-economic changes in
rural areas (the collapse of traditional power structures, the non-emergence of a cohesive village
community in all places and changes in land holdings etc.), the emphasis on tanks and other local
resources waned over the years. The interest and emphasis on local resources also waned because of
cultivation, encroachments, deforestation and population pressures in the catchments of the tank
systems, their siltation, lack of maintenance and repairs and in several cases breaches and failures.
Also responsible were their fast diminishing capacity to receive and hold water, their cost-sharing
formulae, and the tendency to look up to the State and Central Governments for larger centralised
systems. The higher cost per unit water availability, their limited life, mortality, reliability and
dependability, and economic viability were question marks which added to the decline of interest in
such systems. But the revival of local systems, through integrated watershed development, is vital for
a number of reasons.

The Commission considers renovation and modernisation of tanks and other local water
resources as a priority task. The programme needs to be planned and implemented on a watershed
basis, taking into account the comparative techno-economic feasibility of renovating existing tanks vis-
a-vis construction of supplementary tanks, upstream and downstream. Such a programme should focus
on elements like reforestation of the catchment areas of tanks, restoring unlined channels to their
original capacity by clearing weeds and silt as well as removing encroachments, strengthening and
improving tank bunds or anicuts and other associated structures as the case may be as well as
watershed conservation measures along with such improvements or corrections in the distribution
network as the users feel necessaiy User communities have rst hand knowledge and experience of
local conditions and local problems which no outside “expert” can match. Their knowledge is valuable
in deciding what improvements are needed in specic local context. Spillway capacity may require to
be checked and distribution networks require review. Silting of tanks and the possibilities of raising
their banks also need to be examined. In southern India tanks are inter-linked by the connecting
channels which also require to be reviewed for their capacity for conveying water. With proper designs
and planning, the additional benets through successful implementation of the programme should be
much larger than from undertaking new irrigation schemes. Based on such performance review and
technical appraisal, feasibility reports on modernisation of the tanks should be prepared.

Centralised water resource systems comprising dams and canals can even in the ultimate stage
cover less than one third of cropped area of the country. With inter basin transfer, the coverage could
be larger,but as pointed out in next chapter, there are many political, environmental, legal and
emotional difculties; the resources needed are large and the costs of mitigative measures for
adverse impacts on environment and of rehabilitation of displaced people are mounting.

In a basin plan, there is a place for the whole range of structures — large to small. The latter
has a particularly important role in rainfed regions of the country, which will remain starved of
irrigation facilities even in the ultimate stage of irrigation development. Large numbers of small local
water management projects in rainfed regions can make a signicant dent on the productivity of such
lands and provide succour to millions of poor people, while improving local environment and regional
ecology, thereby leading to sustainable development of those areas. They have also an important role
to play in the upper catchment of rivers, which are full of streams amidst the rolling and undulating
terrain. In the latter areas, check dams, contour trenching and bunding, gully-plugging and such other
measures help to conserve water. Along with afforestation, they also help in soil conservation and
recharge of ground water.
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Wasteland Development and Agakhan Rural Support Programme are quite signicant. In Delhi, INTACHhas prepared a detailed plan for augmentation of local water resources through restoration of oldstructures, water-harvesting, conservation and recharge of ground water.

6.3 Lessons of Past Experience

A number of studies and evaluations have been made of the different kinds of programmes andprojects undertaken by different agencies. The Report of the Planning Commission's Committee on‘Twentyve Year's Perspective Plan for the Development of Rainfed Areas’ (1997) gives extracts of anumber of recent case studies that are very instructive. We give below, in a summary fashion, themore important lessons that could be gleaned from the large number of studies that have been made:

The story of watershed development undertaken thus far, is a mixed one of success and failure,also of initial success and later decline and initial failures and later revival.

Government Programmes

1. Relative to the size of the problems and the potential and the magnitude of resources devotedto these activities, “integrated watershed development” is still in its infancy and at a largelyexperimental stage ;

2. Even as the local integrated approach was being emphasised and was getting a favourableresponse from the people, the proliferation of schemes by the Ministries has continued. Eachscheme had its own built-in rigidities ;
l \ I3. Almost all the integrated programmes remain fragmented in terms of sources of funds andresponsibility for implementation. A collage of schemes implemented by different verticaldepartments does not get automatically coordinated;

4. The co-ordination mechanisms in the form of co-ordination committees were hardly effective ;
5. The absence of provision for follow-up action and continuing management after the completionof a project was a major weakness in all departmentally run centrally sponsored programmes ;
6. Integrated watershed programmes like other area development programmes, were not lookedupon with enthusiasm by most departmental heads, who believe more in vertical delivery than

in horizontal co-ordination at the local level ;

7. Though people's participation was emphasised, it was mostly formal even when sought.
People's involvement at all stages was rarely achieved.

Projects of Voluntary Organisations/Activists/Communities

Compared to government programmes, the projects undertaken by local communities,voluntary organisations and activists were more relevant to each location, had much greater people'sinvolvement and were flexible and innovative. They have also shown keenness to evolve cost-effective
techniques and to use local traditional knowledge. They had also several important lessons; some ofthe more important of these are:
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} 4. Depending on the degree of social cohesion, the public spiritedness of the panchayats as maybe assessed during (3) above, and the availability of leaders or activists in voluntaryorganisations, the departmental and people's responsibilities may be divided in each project.

5. While local data should be collected by the DPCs through trained volunteers and other means,governments should arrange to provide remote-sensing data to increasing scale, in co-operationwith NRSA. A data base should be established and constantly updated at the district level.

6. The DPCs should suggest in each case the relative roles of the panchayats, the concernedbeneciaries and the voluntary organisations. A uniform pattern may not be workable evenwithin the same district or even in one place at all periods.

7. There are exciting possibilities of creative combination of traditional systems, materials andskills with those of modern technology. Exclusive reliance on one or other will not achieve theobjectives. State Government should establish technical bodies on the lines of Nirmiti Kendrasfor constant interactive relationships with the programmes and the people. It should be a two-way relationship.

8. The integrated project should have a carefully worked out and mutually accepted sharing ofcosts and benets and arrangements for its faithful implementation. The special requirements
of landless, women and other disadvantaged groups should nd a place in the arrangements so
made. There is no single, uniform pattern of sharing. There are several models and there isgreat scope for further innovation.

9. The role of Central and State Governments should be to lay down the objectives of theprogramme and the broad essentials, to integrate the present schemes into one umbrella
programme, to restructure the funding arrangements and departmental personnel suitably, inaddition to the important functions of data collection, training, research studies, evaluation and
dissemination of ndings as well as of experience in different states and regions.

10. The Government, of India should bring together all the area programmes of different Ministries
as well as the rural employment and development programmes into one ‘integrated rural area
programme’ (IRAP). For each eco-system-arid, semi-arid, dry-sub-humid, hill, wastelands,
wetlands, heavy rainfall regions, irrigated plains - different location —specic programmes will
be drawn up locally under this overall programme. All the existing programmes have to be
merged into this and should not continue on parallel lines. New schemes should not also be
added on an ad-hoc basis.

11. Integrated watershed development programme (IWDMP) will be an integral part of the IRAP in
all areas. The details will vary from place to place, but the minimum components everywhere
will be water conservation, soil conservation and greening through people's involvement. At the
Central level, the responsibilities for IWDMP should be that of the Ministiy of Water Resources.

12. The available resources for all the existing programmes (to be merged) should be pooled
together as the fund for the IRAP. It should be distributed districtwise on the basis of criteria to
be laid down by the NDC. The DPC shall sanction projects within the outlays so allotted.

13. At least one-third of the available funds for IRAP should be earmarked in each district for
IWDMP. The percentage could be higher initially in certain areas.
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l o While planning inter-basin and inter-state transfer of water, reasonable needs of the basin
states for the foreseeable future have to be kept in view and provided for.

0 Most efficient use of land and water in the existing irrigation and hydro power stations should
be a principal objective to be achieved.

The National Perspective brought out by the Ministry of Water Resources has two main
components, (a) Himalayan Rivers Development and (b) Peninsular Rivers Development. The
Himalayan Rivers Development envisages construction of storage reservoirs on the principal tributaries
of Ganga and the Brahmaputra in India and Nepal along with interlinking canals systems to transfer
surplus ows of the eastern tributaries of the Ganga to the west, apart from linking of the main
Brahmputra and its tributaries with Ganga and Ganga with Mahanadi (Fig.7.2). Peninsular component
is divided into four major parts (Fig. 7.3) :

(i) Interlinking of Mahanadi- Godavari — Krishana — Cauvery rivers,

(ii) Interlinking of west owing rivers north of Bombay and south of Tapi,

Ll

l

l

l

l

l

l

l

l

l

l

._.___'__.-

V

l

l

l

(iii) Interlinking of Ken-Chambal and

(iv) Diversion of other west owing rivers.

These links will involve stupendous engineering activity. They will have large scale socio-
economic, human and environmental impacts and will involve very high nancial outlays. It is,

therefore, necessary to closely examine the objectives and evaluation criteria. Before inter basin
transfers are taken up, basin wise surplus and shortage of water resources have to be established.
Legitimate projected demands of the surplus states will have to be met in future. Some of the pre-
feasibility studies indicate requirements of storage, construction of large capacity canals, numerous
major cross drainage works etc. Proposed inter basin links will require studies involving technical
feasibility, economic viability, legal framework, socio—environmental impacts and large nancial
resources.

There will be opposition from the local people especially those who consider themselves
deprived and from environmental agencies and activists unless their legitimate concerns are looked
into. Above all, there will be the human problem of displacement of people and their rehabilitation.
There is urgent need to develop a policy and programme of sustainable water resource development of
each river basin in which inter basin transfer, if found feasible, would be one possible component.

7.3 Studies by NWDA

In addition to surveys and investigations of possible storage sites and interconnecting links in

order to establish feasibility of proposals forming part of the National Perspective, NWDA was also to
assess the quantum of water which could be transferred to other basins/ states after meeting
reasonable needs of the basin states and to prepare feasibility reports of the various components.
NWDA has completed water balance studies of 137 basins/sub-basins and 71 diversion points and has

prepared pre-feasibility reports of 31 links (17 in Peninsular component and 14 in Himalayan

component). These feasibility reports of Peninsular links do not include some of the links proposed by

the National Perspective as they are not considered feasible. The sixteen Peninsular links being studied
by NWDA are shown in Fig. 7.4. In the Himalayan component also, NWDA has reduced the number of
links envisaged in the National Perspective. The fourteen Himalayan links taken up for study by NWDA

are shown in Fig.7.5. Some of the important links in the Himalayan component are as follows :

1
182 iii__;_ iii 
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south east, together with practices of desert moisture conservation can perhaps achieve this limited
objective. The need for further expansion of irrigation facilities in this area will have to be examined
from all angles including ecological & environmental considerations.

On the basis of published information, the Commission is of the view that the Himalayan
component would require more detailed study using system analysis techniques. Actual implementation
is unlikely to be undertaken in the immediate coming decades.

East Flowing Rivers

Nine links are proposed for inter-linking East owing peninsular rivers. The details of the
proposed links are given in Table 7.1. These linkages pre-suppose the construction of ve dams. Apart
from the problems of submergence and rehabilitation, these links will also require agreements between
all the concerned states. Irrespective of present or future constitutional provisions, it would not be

practical to transfer water without concurrence of the donor states and such concurrence would be

facilitated by some form of quidpro quo.

Water Balance Studies

Water Balances have been prepared for six East owing rivers which are involved in the nine
links to determine the extent of decit or surplus for planning inter-basin transfer. For each of these
basins, mean annual ow, 75 percent dependable ow, utilisable surface water and replenishable
ground water are given by CWC, NWDA and CGWB (Chapter - 3). Conceptually, the sum of utilisable
surface water and replenishment to ground water should not exceed mean annual ow. However, in all

basins except Mahanadi, the sum of the estimated utilisable surface water and replenishable ground
water does exceed the mean annual ow. This may be due to many assumptions involved in the
estimated value of utilisable surface water, replenishable ground water and the mean annual ows. For

working out water balances, the replenishable ground water has been reduced by one - third to take
into account direct flow into the sea, possible direct evapo — transpiration from low lying areas and

possibility of some uncertainty in estimation of replenishable ground water in hard rock areas. Utilisable
total water was thus taken to be the sum of the utilisable surface water and two — thirds of
replenishable ground water. In the case of Pennar, Cauvery and Vaigai basins, the sum of utilisable
surface water and two — thirds of ground water exceeds the mean annual ow in the respective rivers.
In these cases, the water availability has been limited to mean annual ow. ‘

The CWC estimated the basinwise mean annual ow from the obsen/ed ows corrected for the
abstraction upstream of the points of flow measurement, assumed certain return ows and evaporation
from reservoirs to get the natural ows. In these estimates, the CWC assumed 10 percent return ow
from surface water diversion (neglecting Ground Water return flow) which is on the low side. Lower

assumed value of return ow would result in higher value of computed mean ow. With the present
irrigation water use and efciencies, the return ow would be of the order of 30 percent to 40 percent
or higher depending on paddy intensity. The change in assumed return flows will reduce the mean

flows significantly in basins where present utilisation level is high such as Krishna, Pennar, Cauvery and

the East flowing rivers south of Pennar. It has been estimated that the annual surface potential would
reduce by 10 percent to 15 percent, and correspondingly the balances worked out will be lower to that
extent.“
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Gross Water Demand

Gross water demand for domestic, industrial, energy, ecology and navigation purposes and
estimated lake/reservoir evaporation losses in the year 2050 have also been worked out as per norms
given in Chapter — 3. 70 percent of the demand for urban and 30 percent for the rural area are
assumed to be met from surface water. 70 percent of the industrial and 80 percent of the energy
demand are taken as met from sun‘ace water.

Water requirement for irrigation in the year 2050, for the six Peninsular river basins has been
worked out on the basis of following assumptions:

(i) Cropping intensity of 120 to 130 percent of culturable area is taken which would vary between
160 to 185 percent of present net sown area. Irrigation intensity is kept not less than 30/40
percent of the gross sown area. In all cases the present irrigation area is increased
substantially.

(ii) Irrigation water requirement for the crops has been worked out assuming overall efciency of
60 percent and 75 percent for surface and ground water respectively. These values of efciency
are envisaged for the year 2050. The present available efciency is in the range of 30 percent
to 50 percent for surface water irrigation. Sustained effort will be needed on the conveyance
system and on farm water application to bring about the improved efciency. NWDA has
worked out average irrigation water depth based on project reports for the existing and on-
going projects and on climatological approach for the future projects. Average Net Irrigation
Requirement (NIR) and Gross Irrigation Requirement (GIR) (inclusive of conveyance losses)
are worked out for the cropping pattern likely to be adopted in the area including deep
percolation from paddy elds. Average NIR and GIR are computed for each sub-basin and the
values are given in Annexure 7.1 and average basin values of GIR are given in the Table 7.2. It
is seen that the average values of GIR for surface water vary between 0.56 and 0.96 m. The
average values of GIR for ground water vary between 0.45 and 0.77m. The minimum values
are obtained in Godavari basin and maximum values are obtained in Cauvery basin.

Return Flow

Return flow from the domestic water supply and industrial demand has been taken as 50
percent. 85 percent of the return ow from domestic supply is assumed to accrue to surface water
and the remaining will go to ground water, whereas entire return ow from industrial use is assumed
to be returned to surface water.

Return ow from irrigation is worked out from the difference between GIR including deep
percolation and NIR excluding deep percolation (consumptive use - effective rainfall) i.e.

Return Flow = C [GIR-{ET¢- Eff Rainfall}]

in which GIR is gross irrigation requirement including percolation losses, ETC is crop water
requirement and factor C takes care of losses.

It is assumed that 15 percent of such ‘difference’ might be lost due to evaporation/evapo-
transpiration from swamps and water logged areas and 5 percent may be lost to sea. Therefore, 80
percent of the ‘difference’ is taken to return to the system i.e the value of C = 0.8 (Table 7.2).
Average return ow ranges between 46 and 60 percent for surface water and between 38 and 55
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exceeds mean annual flow, the availability is limited to the mean annual ow. Irrigation water
requirement is worked out for the proposed irrigation area based on the existing, on-going and
proposed projects subject to a minimum irrigation intensity of 30 to 40 percent of the proposed gross
sown area. However, the difference in the two water balances is not signicant.

It will be seen from Tables 7.3 (a) and (b) that based on mean annual flows except for Krishna
(if irrigation intensity is adopted at a rather high 45 percent), Cauvery and Vaigai, the balances are
positive in other cases. The shortage in Cauvery is 12 percent of gross demand and that in Vaigai 16
percent. These shortages result after increasing the present irrigated area to 1.4 times in case of
Cauvery and 1.6 times in case of Vaigai and assuming the return ow at 60 percent of the ‘difference’.
In case the return flow is taken as 80 percent, there is no shortage in Krishna and those in Cauvery
and Vaigai are reduced to 5 percent and 8 percent respectively. Thus, there seems to be no imperative
necessity for massive water transfers. The assessed needs of the basins could be met from full
development and efficient utilisation of intra-basin resources except in the case of Cauvery and Vaigai
basins. Therefore, it is felt that limited water transfer from Godavari at Inchampalli and Polavaram
towards the South would take care of the decit in Cauvery and Vaigai basins, make more optimal use
of water and also improve river ecology. Some of the transfer may be achievable by gravity, and rest
by pumping to practicable heights. Efforts should be made to utilise existing links like Telugu Ganga as
far as possible. Though surplus is available in Mahanadi also, the transfer from that river would require
much longer link and is in any case not required for the immediate future as the projected shortages
could be met from Godavari itself.

Although the present studies indicate the need for only limited transfer from Godavari towards
the South, the Commission would like to stress the limitations of these studies. The possibility of the
mean flows, as assumed in the present study, being overestimated has been brought out earlier.
Also, the decit and marginally surplus basins may require maintenance of higher flows than those
adopted in the downstream reaches, estuaries and deltas in the lean season. The possibility of using
80 percent of the difference between GIR and NIR for irrigation has also been questioned, since it may
involve lifts from lower reaches. Accordingly, balances have also been worked out on the basis of 60
percent use of the ‘difference’. There are some uncertainties about the ground water estimation also.
In view of these limitations and uncertainties, the Commission is of the view that further studies as to I

the future possibilities of interbasin transfer in the east owing rivers, need to be continued.

Water availability and culturable area are not spread evenly in the vast basins of Mahanadi, *

Godavari and Krishna. Consequently, water balance situation is not uniform. For getting a more realistic j

picture, water balance should be prepared at various locations of the large river basins. Water available
upstream of Sriramsagar Project on Godavari is not sufcient to bring the available culturable area
under irrigation. The yield available below Sriramsagar project gives rise to sizeable surplus after
meeting the demand of the lower reaches. Such surplus cannot be utilised for irrigating areas in the ‘

upper reaches as it involves lifts exceeding 300 m.

It may be pointed out that Orissa and Andhra Pradesh have claimed that all the waters of
Mahanadi and Godavari could be utilised within the basins and that there are no surpluses. Leaving
aside the legal issues, the Commission is unable to agree with this view. The water balance study
(Table 7.3) is based on a several fold increase in irrigated area over and above the present irrigated
areas, for example, in the case of Mahanadi, irrigated area increased from 2.02 to 7.617 M ha and in
case of Godavari from 4.12 to 14.072 M ha. It is most unrealistic to postulate that technically and
economically feasible schemes can be planned to irrigate more areas within the basins.
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Netravati — Hemavat/' L/nk

NWDA has proposed Netravati — Hemavati Link to divert surplus water of west owing river

Netravati into East owing river Hemavati (Cauvery basin) which is decit sub — basin. The diverted

water of Netravati basin will be stored behind Hemavati Dam and utilised to irrigate 33,813 ha under

its command.

The project is entirely within the state of Karnataka. However, this is an import into the basin

and may have to be taken into account in the total resource distribution of the basin. The cost is rather

high due to requirement of lift. It would be worthwhile undertaking the project, if the water can be

utilised for development of high value agriculture, horticulture and oriculture.

Bedt/- Varda Link Project

Bedti river is one of the principal west owing rivers of Karnataka State with a catchment area

of 3,902 kmz. Tungbhadra river is a tributary of Krishna river. Total catchment of Tungbhadra river is

47,827 kmz out of which 81.2 percent lies in Karnataka State. The link project proposes to transfer

surplus waters of Bedti river to the Varda river to supplement supplies in Tungbhadra. The Bedti river

basin and most of the Tungbhadra basin are in Karnataka state. However, this import may have to be

taken into account in the total resource of the basin.

Southern Tributaries of Yamuna
4

l

Ken-Betwa Link Project

Ken-Betwa link envisages diversion of surplus waters of Ken Basin to water decit Betvva basin.

A 73.3m high dam is proposed on Ken river at Daudhan with gross storage capacity of 2,775 Mm3.

Total length of the link canal including 2 km long tunnel in its head reach is 231.45 km. One power

house at the foot of the dam and other at the end of 2 km long tunnel are proposed with installed

capacity of 60 MW and 12 MW respectively. The power house at the dam toe has provision for a

pumped storage with downstream pondage behind Gangau weir.

Ka//s/ndh - Chambal Link Project:

Kalishindh — Chambal link envisages transfer of water from Newaj river (a sub-tributary of

Kalisindh river) and from Kalisindh river (a tributary of Chambal river) to Chambal river upstream of

existing Gandhi Sagar/Ranapratap Sagar resen/oirs. The water will be used for irrigation in the

command of Chambal system taking off from Kota Barrage. The water thus saved will be utilised for

irrigating the drought~ prone areas in the upper reaches of Chambal river. It is not an inter-basin

transfer of water as Kalisindh is a tributary of Chambal.

7.6 Draft Policy Guidelines

‘

l

National Water Policy says that water should be made available to the water short areas by

transfer from other areas including transfer from one river basin to another based on national

perspective, after taking into account the requirements of the areas/basins.

Modied Draft National Policy Guidelines for Water Allocation amongst States have been under

consideration since 1994. The guidelines include issues such as the national interest in maintaining the

196
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7.8 Socio-Environmental Impacts

The problems associated with major water resources projects would also occur in Inter Basin

Transfer projects, some in an intensied form. There would be some other peculiar problems. For

example, fauna and flora not native to the recipient basin may be transferred to it through water links

crossing the natural obstructions. Inter basin transfer necessarily requires storage at the supply end

and preferably also at the receiving end which would involve large submergence. Similarly,

construction of inter basin links would require construction of various major cross drainage works and

obstruct/intercept natural drainage leading to water-logging conditions. On the other hand, inter basin

transfer of water would overcome temporal and spatial imbalance in availability of water. Inter basin

transfer will (i) create social cohesion and national integration, (ii) balanced development of all regions

due to increased agricultural activity in water scarce regions and (iii) reduce drought prone areas.

7.9 Funding of Inter Basin Transfer Projects

Funding interbasin projects will have to be looked into from several considerations :

- Should the project be considered as a whole constituting a large grid or can each link be separately

considered in respect of availability, execution and utilisation ?

- Should such a project be taken up as a Central Project or as Joint Project involving the Centre and

the concerned States or as a Joint Project of the States concerned ?

- Can all the benets accruing from such individual links be identied in detail and apportioned to the

beneciary States/ Centre ?

- Can all the benets accruing from such individual links be identied use — wise and allocated

among the drinking water/ irrigation/ power generation/ recreation and so on ?

The answers, which will have to be arrived at through negotiations, will be project specic.

The agency decided upon to execute the project will also have to look to the source for funding. The

possible sources are :

- From the regular budgetary allotments of the State/Centre.

»

o Raising loans for the special projects through bonds/debentures etc., by the respective Government

of the State/Centre.

- Posing the projects to the external agencies like the World Bank, European Economic Community,

the Japanese Aid, ODA and so on and negotiating with them on interest rates, phasing of funding,

reimbursement etc.

o Inviting private Companies for Build, Operate and Transfer (BOT) mode or some other

arrangement.

o Levy of Betterment Tax and the like on the beneciaries and raising atleast part funding.

Considering the large investments involved, recovery of cost over a period of time needs to be

-. aimed at, though it will not be an easy proposition. Part of the recovery should be from the general

population of the recipient area who would benet from stimulation of economic development and part

from the particular individuals, industries or communities receiving such water.
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The recent 1992 amendments tn U2 Cudillin r$ri1g Panchayats and Municipalities
introduced the following entries in the sdiechles ifng the subject-areas in which the State
Govemments and legislatures may devolve fundions to SUd'| bodes, so as to make them evolve as
local self-goveming institutions:

In the Eighth Schedule (Part I)() dealing with Panchayats, the subjects, “Minor irrigation, Water
management and Watershed development”, “drinking water” and “maintenance of community
assets” are listed.

In the Twelfth Schedule (Part IX A) dealing with municipalities, the subjects “water supply of
domestic, industrial and commercial purposes” is listed.

Functional responsibilities are, thus, visualised for local Governments in respect of several
aspects of water use.

The two laws enacted by the Union under Article 262 and Entry 56 of List I are the Inter-State
Water Disputes Act, 1956 (as amended up to 1980) and the River Boards Act, 1956. In recent years,
since the Constitution does not have an entry relating to ‘Environment’, using the residual powers, the
Union has enacted laws on environment and control of pollution, which have effect on water use,
including ground water and its exploitation.

A large number of Acts dealing with irrigation, canals and their maintenance, water rates and
cess, command area development and maintenance of tanks are in force in each state. Some of the
Acts are as old as the 18605 and 70s. An illustrative list of Acts in force in one of the states (Tamil
Nadu) is given in Annexure 8.1. '

The major issues that have been raised for consideration in the context of developments in the
sector are :

1) Should (and could) ‘Water’ be made a Union/Concurrent subject in the Constitution, so that
water can be treated as a national asset and legislation enacted with a national perspective?

2) Apart from a few sporadic efforts, the basins of major rivers are not considered in our country
as hydrological entities for development and for sustainable and equitable use of waters. What
changes in the existing laws or new laws would help?

, 3) Inter- state river disputes take a long time to be resolved. What changes could be made in the
existing laws to speed up the process and to ensure faithful implementation?

4) There are suggestions, from time to time, for inter-basin transfer of waters. What are the legal
issues and should any new law be considered?

5) Major issues of water rights have arisen especially in the context of exploitation of ground
water. How should we deal with them?

6) Almost all the State Irrigation Acts retain control and delivery in departmental hands. How to
make the laws farmer-friendly, so that the farmers are fully involved and the departments
provide supporting services to them?

7) The existing structure of institutions dealing with water at the national, state and local levels
need to be revamped. Would legal backing be an advantage?
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It seems plausible to suppose that if all these considerations had been before the Constituent
Assembly, the constitutional provisions would have been different. These reections have their validity,
but what we have are the existing provisions, and the whole question ultimately boils down to what is
politically feasible. It is a fact that the centre could not enact effective laws regarding inter- state
rivers, even when it has the powers, and that even the laws, such as they are, have not been
implemented fully. The centre could enact overriding laws regarding industry and business using
relevant constitutional powers, even though they are state subjects, but water is such a politically
sensitive issue that the centre refrained from being pro-active even during the decades of increasing
central role in many other sectors. The current political trends are towards greater decentralisation and
debureaucratisation. It does not seem realistic to expect that ‘Water’ can be got included in the
concurrent list. There have been proposals, from time to time, to include certain subjects in the
concurrent list, but none could be included so far. It is well to remember that ‘Forests’ got included in
the concurrent list during the 1975-77 emergency.

V

We are not, therefore, proposing any change in the scheme of the Constitution. What is needed
now is for the Union to pass laws to more effectively deal with inter- state rivers. There is also need for
the Union to put in place Centre- State consultative machanisms of an effective kind, through which
the centre and the states could agree on a number of issues relating to water.

8.2 River Basins As Units of Development

The need to treat each river basin as a hydrological unit for national development of all its sub-
basins is well-recognised, but the efforts in this direction, after the initial Damodar Valley Project, have 1

not been adequate or effective. ' i

Parliament enacted the River Boards Act, 1956, under Entry 56 of List I, to promote integrated
and optimum development of the waters of inter- state rivers and rivers valleys. That Act contemplated
the appointment of River Boards by the Central Government in consultation with the State
Governments for advising on integrated development of waters of inter- state rivers and river valleys.
It was envisaged that the Boards would help in coordinated and optimum utilisation of the river waters Aj

and promote development of irrigation, drainage, water supply, flood control and hydroelectric power. .1

However, the provisions of the Act have not been put to use in all these years and the Act has
remained a dead letter. There is not a single river basin authority in India under the River Boards Act.

As can be seen from the wording of the Act, it provides only for advisory Boards and not for
River Basin Organisations vested with powers of management. In fact, no river boards, even of an
advisory kind, have been set up under this Act. The Betvva River Board was set up by a separate
enactment, for overseeing the project. The Brahmaputra Board set up under a specic Parliamentary
enactment was vested with powers of execution of projects, but its role was conned largely to the
preparation of a Master Plan. Various organisations were set up under Government Resolutions:
Bansagar Control Board for supervising specic projects, the Narmada Control Authority set up under
the orders of Narmada Waters Disputes Tribunal with limited functions relating to cost allocations and
the rehabilitation of project affected persons and monitoring of environmental aspects. Certain other
Boards were formed by mutual agreement. All these Boards have limited functions and powers. We
are of the view that the River Boards Act in its present form will not help in planning the available
water resources of a basin in an optimal fashion. No follow-up action has been taken on the National
Water Policy, adopted in the year 1987, which suggested that appropriate organisations should be
established for the planned development and management of a river basin as a whole.
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implementation is mandatory or not, has been missed. This question will come up again in the future.
Thirdly, while the secondary dispute concerning the implementation of the Interim Order can be said to
have been resolved in a manner, the water dispute itself has not yet been settled. The proceedings
before the Tribunal are continuing, and in due course we shall have to see whether its Final Award
marks the end of the dispute, or is in turn followed by further difculties.

In the case of Narmada, submergence of areas, displacement of large numbers of tribal people
and their rehabilitation became major issues after the implementation of the project was started and
public interest cases are
suspended for some years

still pending in the Supreme Court and the project work had to remain

The point to be noted is that the Government of India has been unable to act as required and
that while the courts are barred from reviewing the awards of the tribunals, matters still go before the
Supreme Court on related legal, jurisdictional and constitutional issues. Such questions may not
normally be raised on over-all allocations, but questions relating to environmental aspects,
displacement and rehabilitation of people and human rights are increasingly being raised before the
Courts in the case of specic projects.

Thus, experience of the past shows that a long time is taken in constituting a Tribunal and in
giving the award, leading on occasions, to the pronouncement of interim awards, which lead to several
complications. Also, after the grant of the award, problems of interpretation and implementation arise,
and there is no mechanism to enforce the binding character of the award. The matter is also taken to
Court, not on the allocation of water, but on other issues in the context of specic projects, further
delaying for years the implementation of projects.

The Sarkaria Commission, which examined the issues in great depth, recommended the following :

1. Once an application under Section 3 of the Inter- State River Water disputes Act (33 of 1956) is
received from a state, it should be mandatory on the Union Government to constitute a Tribunal
within a period not exceeding one year from the date of receipt of the application of any disputant
state. The Inter-State River Water Disputes Act may be suitably amended for this purpose.

2. The Inter-State Water Disputes Act should be amended to empower the Union Government to
appoint a Tribunal, su0-moltu, if necessary, when it is satised that such a dispute exists in fact.

3. There should be a Data Bank and Information System at the national level and adequate machinery
should be set up for this purpose at the earliest. There should also be a provision in the Inter-State
Water Disputes Act, that states shall be required to give necessary data for which purpose, the
Tribunal may be vested with the powers of a Court.

4. The Inter- State Water Disputes Act should be amended to ensure that the award of a Tribunal
becomes effective within ve years from the date of constitution of a Tribunal. If, however, for
some reasons, a Tribunal feels that the ve years’ period has to be extended, the Union
Government may on a reference made by the Tribunal extend its term.

5. The Inter- State Water Disputes Act, 1956 should be amended so that a Tribunal's award has the
same force and sanction behind it as an order or decree of the Supreme Court to make a Tribunal's
award really binding.
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- The Tribunals should hear the views not merely of the contestant states, but all other stakeholders,
who may implead themselves in response to a public notice and who, in the judgement of the
Tribunal, have a stake in the dispute.

8.4 Inter Basin Transfer of Waters

The Constitutional and existing legal provisions do not specically permit or prohibit the transfer
of surplus ows from one basin to a decit basin. The issue had come up before some of the inter-
state water Tribunals. The question came up before the Krishna Water Disputes Tribunal and Narmada
Water Disputes Tribunal. The issue before the Krishna Water Disputes Tribunal was:

“ Should diversion or further diversion of the waters outside the Krishna drainage basin be
protected and/or permitted? If so, to what extent and with what safeguards?"

The state of Karnataka (then Mysore) expressed that the diversion outside the basin is illegal
and only intra-basin needs should be considered in deciding the equitable share. Andhra Pradesh felt
that outside basin needs are a relevant factor but only irrigation needs should be permitted. After
reviewing the international experience, the Tribunal decided that (I) the diversion of water outside the
river basin by a state are legally valid, (ii) needs for diversion outside the basin are relevant to
equitable allocation and (iii) however, more weightage should be given to the intra-basin use.

In its order the Krishna Water Disputes Tribunal put considerable restrictions on inter-basin
diversions of the water towards the Arabian Sea for hydroelectric purpose. However, except for such
specic restrictions, it allowed the water allocated to any state to be diverted by the state outside the
basin.

The Tribunal, in its order, allocated the dependable ows amongst the states. However, it gave

to Andhra Pradesh, the most downstream riparian state, the liberty to use in any water year, the
remaining water without acquiring any rights whatsoever. Karnataka had sought clarications to
indicate that the liberty given to Andhra Pradesh does not confer any right of diverting these remaining
waters outside the basin. The Tribunal did not agree to give any such clarication.

The Tribunal also considered the question of inter-basin transfers by the basin states from
outside the Krishna basin to within the Krishna basin. Such possibilities of transfer from the Godavari
were attracting much attention at that time. Both Maharashtra and Karnataka sought for a direction
that waters of Godavari be diverted to Krishna, while Andhra Pradesh opposed this. Aften/vards an

agreement was reached amongst the basin states that each state would be at liberty to divert the
Godavari waters, which may be allocated to it by the Godavari Tribunal, to any other basin.

Maharashtra and Karnataka wanted the Krishna Tribunal to pass self executing order providing
for equitable distribution for such diversion of water (from Godavari to Krishna). Alternatively, they
wanted that in case of waters of Godavari, the Ganga or any other rivers are diverted to Krishna, they
should have the liberty to claim the benets of the diverted water. Andhra Pradesh disputed this.

(Here the mention of diversion from Ganga etc. in particular refers to inter-basin diversion to non basin

states since none of the Krishna basin states are in the Ganga basin).

The Tribunal indicated that the review after year 2000 would look into such issues. However,

the nal order of the Tribunal provided that in the event of augmentation of Krishna water by any

source, no state shall be debarred from claiming before any authority or Tribunal, even before year
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in the Convention includes regional economic integration organisation. It is not known whether such
an organisation can get water allocated to it and in turn share it in part with an othen/vise non basin
state. This perhaps may not be the intention since a separate statement of understanding in regard to
these conventions explains that the inclusion of the regional economic integration organisation in the
denition does not imply that these have the status of states in international law.

There are many large nations with a federal type of structure, such as the USA, Canada,
Australia, etc. The legal aspects of inter-basin transfers in such countries need to be studied further,
since, to some extent their experience would be useful in the Indian context.

In our own country, there have been instances of diversion from one basin to the other, by
mutual agreement, though the quantum of diversion is small. The notable examples are the diversion
through K.C. Canal, Telugu Ganga, Periyar-Vaigai and Parambikulam-Aliyar Project. There have also
been exercises at national level to study the possibility of inter-basin transfers. We have considered
these questions in detail in the previous chapter. Here we would only like to note that no state is

willing to accept that it has surplus ows, over and above its requirements. States are unwilling to
accept computed surpluses. They question the methods of calculation of surplus and raise the point
that inter-basin transfer within a state, should be considered rst. They also question the criteria for
dening “nationa| requirement”. However, State Governments are prepared to share their waters on
mutually acceptable terms without going into the issue whether a particular basin has surplus or decit.

There is need for institutional arrangements with the requisite legal backing for making the
states to come together for holding serious discussions on sharing of waters including diversion to
non-basin states, ultimately paving way for reaching an agreement on the basis of mutual needs.
Several innovative ways are possible. We feel that one such arrangement could be through the mutual
discussion and arriving at an agreement by the River Basin Organisations of the respective basins.

As for legal provisions, the Inter-State Rivers (Integrated and Participatory Management) Act
proposed by us, may provide for studies to be made by the Union for possible inter- state inter-basin
transfers, so that the work of NWDA has statutory backing and the organisation would be able to
obtain information and cooperation for its studies. The studies and alternatives proposed in them and

the feasibility reports would hopefully assist in arriving at mutual agreements.

8.5 Water Rights

Traditionally, the basic elements : space, air, water and energy have been perceived as non-

legal objects that are incapable of becoming property. The Roman Law did not ever classify running
1 l

4

iwater as capable of becoming someones property. No ancient Indian text mentions property rights to
anyone, including the king, in rivers.

The system of riparian rights generated by common law gives ‘rights in a stream ratably to all

persons owning land along the stream’. The riparian system regards all owners of land bordering upon

the stream to be on an equal footing. A riparian owner has a right to have the water come to him

undiminished in ow, quantity or quality and he has a duty to let the water go beyond his land without
diminishing its quality and quantity.

The acute need of water for raising crops in our country and the general British approach

towards natural resources made the government create a legislative frame work for irrigation.

Different legislations were adopted in different parts of India. The Preamble of the Northern India

Canal and Drainage Act, 1873, which extends to U.P., Punjab, Delhi says: ..."The provincial Govt. is
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streams flowing in natural channels and of natural lakes and ponds, or the water, flowing, collected,

retained or distributed in or by any channel or other work constructed at the public expense for

irrigation. We are of the opinion that so far as the major and medium rivers and streams are

concerned the state may continue to have the right of regulation, collection, retention and distribution

of water, however, small rivers and minor streams could be managed by the village communities and

the laws should enable this.

8.6 Ground Water Regulation

Ground Water is considered an easement connected to land tenure laws and the dominant

heritage principle implicit in the Transfer Property Act IV 1882. The illustration (g) to Section 7 of the

Indian Easements Act 1882 refers to the right of every owner of land to collect and dispose within his

own limits of all water under the land which does not pass in a dened channel. All ground water

existing and found beneath private property is fully under the control of owner of the land, who is free

to extract and use it as he or she seems t. This has led to a ‘defacto’ right at the eld level, where

affluent farmers with higher pumping capacity and deeper tubewells have disproportionate claims over

the resources than others. Inadequate regulatow restrictions on the exercise of private property rights

in ground water resulted in excessive withdrawals in many areas. Fuither, uncontrolled disposal of

industrial wastes, sewage afuents and excessive use of chemical fertilizers have affected the quality of

ground water and the problem is acute in some states like Gujarat. In order to control and regulate

the ground water from quantity and quality angles, the Government of India formulated a model bill

and circulated to various State Governments for adoption.

The Ministry of Agriculture had circulated to the states a draft model bill for control and

regulation of ground water, in the year 1970. The bill was revised U/vice, once in 1992 and then in 1996

by Ministry of Water Resources.

The Salient features of the Model bill (1970) are :

- The State Governments were to acquire powers to restrict the construction of ground water

abstraction structures (including wells, borewells, tubewells etc.) by individuals or

communities for all uses except that of drinking water in any area declared as notied area

based on report from Ground Water Authority of State in Public interest.

o For discharging the various functions to be acquired by the Government under the

legislation, a Ground Water Authority was to be constituted by each state. The Authority

was to consist of a Chairman, representatives of the concerned State Government

Departments and knowledgeable persons in the eld of ground water appointed by the

State Government. The Authority was to be provided with support of technical persons and

other staff considered necessaw for enforcing the legislation.

l - Applications for sinking wells for purposes other than domestic use were to be considered

by the Ground Water Authority keeping in view the purpose for which water was to be used,

the existence of other competitive users, the availability of ground water and any other

relevant factors.

’
- Persons/Organisation desirous of taking up the business of sinking of wells/tubewells were

required to register with the Ground Water Authority. The Authority was also to be vested

with the power to cancel any permits, registrations or licenses issued by them.
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A Workshop on the Methodology and Functioning of CGWA held in May, 1997 recommended

that while the CGWA will be mainly responsible for framing guidelines, policy statements and

monitoring the implementation of the purpose for which the Authority has been constituted, the State

Government may consider enactment to establish State Ground Water Authority (SGWA) and interact

at state level for making provisions for powers to various levels at eld level (panchayats, village

communities).

The Central Ground Water Authority has drafted “Environment Protection Rules for

Development and Protection of Ground Water “ which includes legal and institutional aspects like

guidelines for declaration of notied area/industry, periodic assessment of ground water resource,

maintenance of ground water system behaviour and quality regime, circulation and reuse of water and

aspects of articial recharge etc. The draft rules have been circulated to all states for their comments

before its notication.

The draft model bill circulated earlier and the draft Environment Protection rules circulated now

raise spectre of a vast bureaucratic machinery administering use of ground water resources through

licensing and supeh/ision. Presently, the owner of the land has absolute freedom unlimited in point of

duration, unfettered in choice of means and unrestricted in terms of disposals. From such freedom, the

change to a bureaucratically administered licensing regimes seem to be so incongruent that few have

dared to try this model. No state has shown any inclination to adopt the proposal.

We feel that the best option in such cases would be to introduce participatory process in the

ground water management in which the role of the state could be that of a facilitator or empowerer

and the prescribing regulator and the role of the community organisation as an implementing

regulatory agency of the scarce resource. Naturally, a question arises as to why not panchayats instead

of community, take the role of regulating ground water management. The view is expressed by some

that much of the Panchayat system is afflicted with competition for power among traditionally

organised groups or political parties and left to itself may not evoke the necessary condence of all

concerned in the control of as scarce a resource as ground water. We believe that the panchayats

should not be wholly left out and that satisfactory working relationships between the panchayats and

community groups should be adopted in each state depending on local conditions.
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The sale of ground water needs to be prohibited for the simple reason that it converts a scarce
natural good into ‘commodity’ and dealing in commodities must meet the requirements of public
interest, which it does not do in ‘dark’ and ‘overexploited' areas.

The village community may be inspired and enabled to undertake ground water recharging
operations and conserve the utilisation of water in the village area.

The central and state ground water ofcials may be required to extend full cooperation, rendering
technical service and advice to the village communities.

JHABUA EXPERIMENT

Jhabua, a tribal district of Madhya Pradesh, is categorized as chronically drought —

prone. In the last few years, people have seen trees coming up, wells overowing with water-
thanks to the ‘Watershed Development Mission’. Already, satellite imagery is showing change ,

in the number of water bodies and the extent of green cover. Jhabua is an outstanding
example of involvement of people in Land and Water Management. The Jhabua experiment
has shown how poverty can be eradicated from its roots by empowering the local people to 3

manage their environment.

The watershed development programme of Jhabua is four years old. It has achieved:

~ 22 percent of the district's land area has been brought under the Rajiv Gandhi Watershed l

Development Mission. 374 villages have got involved in developing 249 micro-watersheds. 1

o 143 new tanks have been built and the ground water table has increased by 0.64 metres ,

on an average in 19 micro-watersheds studied. With increased water availability, the l

irrigated area increased to 1,115 ha in 18 micro-watersheds studied, which is nearly double A

the irrigated area of 1994-95.
- The cropped area has increased by 7 percent. There is a shift towards cash crops.
- Food availability has increased by a minimum of one month to about four months. About

313 village-level-grainbanks have been established.
- The biggest benet has come from the rapid regeneration of grass and, therefore,

increased fodder availability. Estimates suggest a 5-6 times increase in grass from the re-
generated lands.

In Jhabua programme, there are institutions for watershed development at three
levels: the state, the district and the village level. At the village level, work begins with a

participatory rural appraisal exercise in which problems and solutions, which include the
structures to be built, are identied by the village community. The plan thus formulated by the

1

l

watershed committee is then approved by the district level technical group and funds for -

executing the programme are transferred directly to the watershed committee. The village
watershed committee consists of the chairpersons of the users groups, self-help groups ( for
the benet of landless) and women's groups. At least on third members of the watershed '

committee have to be women. The local governments (panchayats) do not seem to be
involved.

(Adopted from An/7 AgarwaL The Hindu, October 11,1998)
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there are about 150 international agreements in force covering trans—boundary waters. A few of them
date back to 1850s and 60's and are outdated. The Economic Commission of Europe (ECE) held a

Water Convention at Helsinki in July 1997 (the Helsinki declaration is at Annexure 8.2). The parties to
the ECE Water Convention realised that cooperation on trans-boundary waters would also help to
improve the management of internal waters and ensure consistency in the protection and use of both
internal and trans-boundary waters. The parties to the Convention agreed to encourage all ECE

member countries to ratify under the umbrella of the ECE Convention, relevant conventions and

agreements such as the Convention on Cooperation for the Protection and Sustainable Use of Danube

River.

The Danube river basin countries (13 in number) and the European Union signed the
Convention on Cooperation for the Protection and Sustainable Use of the River Danube (the DRPC) in

June, 1994. The Convention is aimed at achieving sustainable and equitable water management. The
signatories agreed to cooperate on fundamental water management issues by taking ‘all appropriate
legal, administrative and technical measures to at least maintain and improve the current
environmental and water quality conditions of the river and of the waters in its catchment area and to
prevent and reduce as far as possible adverse impacts and changes occurring or likely to be caused”. ,~

An International Commission for the Protection of the Danube River (ICPDR) is to be legally established

to provide the institutional frame work for regional cooperation under the Convention.

The International Commission for the Protection of the Rhine (ICPR) was established in 1950

for the management of trans-boundary waters. Since then, the organisation of Rhine Commission has

been adapted several times to accommodate changes in policy leading to restructuring of the ICPR in

1995. A relatively new development in the framework of the ICPR is its positive attitude towards

cooperation with NGOs and providing the exchange of information with them to create a better

common understanding of problems and necessary solutions. Similar conventions exist in case of Elbe,

Oder and other rivers of Europe.

On the analogy of the European Conventions and agreements on the responsibilities of basin

states for water quality, specic laws, mechanisms and inter- state agreements have to be worked out

in India to arrest and reverse the trend of deteriorating water quality of inter- state rivers. The

situation cannot be improved signicantly by Government of India Action Plans, Public Interest

Litigations and court directives alone. Sustained work over years is needed. When independent

countries could come together and decide on the rights and responsibilities of each of them for water

quality, there is no reason why basin states in India could not be made to come together in the interest

of everyone.

8.9 Statutory Status for CWC

Need has been felt to have a statutory apex body at the central level which could be entrusted

with the responsibility of collection, analysis and dissemination of data, preparation of guidelines for

integrated development and management plans, monitoring the implementation of schemes and

principles of sharing water in the inter- state rivers. In our opinion, the Central Water Commission

could be restructured and made to shoulder this responsibility after making it a statutory body. The

restructured CWC besides performing the above functions could also prescribe technical standards for

the designs, approve the major schemes for implementation and assist the RBOs to evolve

agreements/conventions between the states in respect of matters pertaining to inter-basin transfers

and pollution control. The composition and functions of restructured CWC are outlined in the section

under institutional reforms.
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interest to water users are often not known to them. Decisions in these matters lie with the irrigation
department and contrary to claims, farmers are usually not consulted.

Community involvement and participatory management implies arrangement wherein farmers
can function as coequals in a participatory-cum-consultative mode. For this to happen a number of
changes will have to be made in irrigation statutes and the rules framed under them. We consider that
the following changes are essential :

- Irrigation Acts should be enabling laws, so that PIM initiatives become possible. In the
present circumstances this is not possible. Many PIM models have been tried out but few
have been adopted for general implementation. In the laws enacted for Command Area
Development, most states provided for village level committees consisting of water users
and villages. Thousands of committees were formed but few have survived. They were
given many responsibilities, but not the authority or the resources to enforce decisions.
Most of all, they could not hold irrigation officials accountable for non-deliveiy of water at _

the outlet point.

- Within their area of operation, WUA or F0 has to be given powers that today are vested in
state irrigation departments so that the institutional base of village level associations can be
strengthened. In particular, WUAs/FOs require an independent resource base and an
enabling organisational structure, which represents various interest groups and makes water
user organisations accountable to farmers.

- The farmer's right to water(that is, the agreed quantum) has to be recognised in law and
under rules framed under them. Without this the overriding principle of accountability and
transparency cannot be established. Both are needed to make PIM strong and functional.

- The old irrigation acts are based on a concept of a social contract that is not appropriate in
the present times. Instead of legitimising a top-down hierarchical relationship, the new
social contract has to legitimise relationship of co-equals or partnership between the
irrigation bureaucracy and the water users.

In short, all state irrigation acts have to be amended to incorporate provision for the formation
of farmers’ bodies. Farmers must be enabled to take responsibility for system operations, maintenance
and water distribution, be suitably empowered and given the nancial resources and technical know-
how relevant to their responsibility.

.

It is not that no Irrigation Act has any reference to farmers’ participation. The M.P. Irrigation
Act, 1931 empowered the State Government to set up an Irrigation Panchayat for every village.
(However, the Collector can dismiss any member by assigning any reason in writing, dissolve any
Panchayat). The functions of the Irrigation Panchayat are (1) distribution of water (2) collection of
irrigation fees and remittance to the Government (3) assist irrigation ofcials in resolving disputes and
(4) punishment of irrigation water offenders. The M.P. model is controlled by bureaucracy.

The Maharashtra Irrigation Act 1976 contains the spirit of PIM. It provides for volumetric supply
through Water Committees under irrigation agreements. The distribution of water is still controlled by
the canal ofcer in as much as the section ofcer is an ex-ofcio member of the Water Committee.
The Act does not provide for the concept of water quota leave alone its guarantee.
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EIGHT STAGES OF PIM PROGRAMME IMPLEMENTATION IN A.P.

Stage one : Generate political support at the highest /eve/-this is essential to
provide the required motivation.

Stage two : Create favourable environment.

Stage three : Develop legal framework.

Stage four : Formation of Farmers Organizations, WUAs and Distributory Committees.

Stage ve : Implement the programme with clarity of roles of the farmers’
organization, irrigation departments and other government agencies.

Stage six : Capacity building of WUA, Irrigation and other government agencies.

Stage seven : Ensure transparency, accountability in the working of farmers
organisations and social audit.

Stage eight : Monitoring and mid-course evaluation.

Source .' J. Raymond Peter, Management ofIrrigation Systems by Farmers in Andhra
Pradesh — India, Proceedings ofIV National Conference on PIM.

WUAs in Andhra Pradesh have been entrusted with the functions of preparing a plan of action

for maintenance of the system and to carry out the maintenance works in its area of operation and to
regulate the use of water according to the warabandi schedule and implementing it for each irrigation

season. They are to promote economy in the use of water and monitor the ow of water. They are to
assist the Revenue Department in preparing the demand of water rates and its collection by

maintaining a register of landholders. They have powers to resolve disputes between members. These

are required to conduct regular water budgeting and periodical social audit.

Although the power to levy and collect water rates has not yet been given to the WUAs, there is

a provision in the Act that this power can be given to the associations.

From the above it can be seen that there is wide difference in the element of farmers

participation in the Irrigation Acts and in the present management of irrigation systems. Yet, this type

of farmers participation is far from satisfactory (with the sole exception of Andhra Pradesh). The l

absence of the legal framework to facilitate stake holder's participation has become one of the

stumbling blocks in the implementation of the policy of farmer's participation in the management of

irrigation. Unless legal status is given to the farmers associations and they are given legally

enforceable rights, these bodies cannot function effectively.

The Ministry of Water Resources had this entire question studied by the Society for Peoples’

Participation in Ecosystem Management (SOPPECOM), Pune. The Report suggesting changes in '

Irrigation Laws was fon/varded to the State Governments in June, 1998.
l
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whether the agreement is being implemented properly or othen/vise. It will be responsibility of the WUA

to comply with the remarks brought out in such inspection.

Watershed Development : A watershed should be seen as the lowest unit for development and

management. WUAs will be responsible for managing the watershed. In irrigated areas, this would

involve conjunctive use of canal and ground water as well as water from tanks. Maintenance,

renovation of tanks and ponds will be done by WUAs, by whatever name called in each state/area.

We strongly urge the adoption of the above main features in irrigation and water resource

management laws of states in order to make people's involvement and participation effective and

meaningful. In Chapters 4 and 9, we have suggested measures to improve efciency of water use and

system management as well as measures for systematic pricing of water, including the establishment

of Water Pricing Authority in each state. The irrigation laws in states have to be comprehensively

amended to provide for all these changes. This is one of the reforms which should be strongly

advocated and worked for by the restructured CWC in the next few years as a matter of priority.

8.11 Need for a National Water Code

The above review and analysis shows that currently there is no legal backing for many of the

vital concerns that have arisen in the eld of water resource development and management. We have

suggested some new laws and a number of changes in the existing laws, but a comprehensive view

has also to be taken.

Access to water has to be regonised as a basic human and animal right. The right of the

community over common resources, environmental water rights (i.e., the role of water as the sustainer

of the natural environment of which it is a pan: and of aquatic and riparian life), and the water rights

of the river (or acquifer) itself for the maintenance of its quality and integrity, also need to be

considered. At the same time, water has to be regarded as an economic and social good in the context

of irrigation, industrial use, etc. Principles to govern the relative priorities of different demands and the

sharing of waters by different users need to be laid down. Economy in the use of this increasingly

scarce resource has to be promoted and enforced. In sectoral planning, for big projects or small,

whether for resource development or management, the full participation of the people and the NGOs

with a good record of social mobilisation will need to be ensured from the earliest stages. To cover all

these and other related aspects, a comprehensive National Water Code, that is, not one single law but

an integrated set of water laws may be needed. Such codes have been framed in a few countries and

have been found to be extremely useful. We strongly recommend the preparation of an integrated set

of laws with the assistance of the Law Commission.

II. Institutional Reforms

The existing institutions in the water sector were designed mainly to construct dams and canal

systems and deliver water for irrigation through such systems. This is a very important function,

requiring high quality engineering skills. But since water has different sources and diverse uses, a

broader band of skills and multi-functional agencies are essential to achieve the objectives of

integrated development. Another lesson that has been learnt from experience is that governments

cannot do everything and that vertical delivery systems fail to achieve the objectives fully at the point

of contact with the people unfortunately but not without some truth, called the cutting edge unless

there is involvement, motivations and initiative of the people themselves. Therefore, reforms have to

be undertaken urgently for making the institutions multi-functional on the one hand and making them

work with empowered people's organisations on the other. Developing people's organisations with
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 i
Scope and Functions of WUAs

Based on the experience so far, there are several issues which appear relevant to the success of

WUAs. The characteristics and conditions that determine the scope and functions of WUAs are :

- Reliability of availability of water apart from its quantum is vew crucial for success of irrigated

agriculture. This is a basic issue which will not only dictate the structure of WUA but also be the key

issue for success of the WUAs. The problems of WUAs which receive water from storage or from

run-of-the-river source vaiy signicantly. In the rst case the uncertainties in supplies are much

less due to storage back up. This will also enable them to plan their crops and be prepared to

receive water in their turn in known quantities. Such a situation would be more conducive to the

formation and efcient functioning of WUAs. In contrast, a run-of-the-river system will depend

largely on the vagaries of nature. In such case , it would perhaps, be better to workout water

availability gures on different percentages of availability and prepare distribution schedules in

respect of each of these so that scarcity is more evenly shared.

- Each region/area has a traditional cropping pattern and any change in it is resisted. However, with

better understanding among farmers and prospects of increasing economic gains, the pattern

would change to commercial and more remunerative crops such as oil seeds, sugar cane, bananas

etc. To support this change, ground water potential should also be exploited.

~ Socio-ecnomic conditions of a region will have a direct bearing on the nature of the WUAs. In some

areas formation and functioning of WUAs will be more difcult. Firstly, there could be lack of

willingness to form WUAs on the part of users. Secondly, they might be reluctant to make nancial

contributions needed for successful functioning of the association. Thirdly and more importantly,

they would be unwilling to give up the Government subsidized regime, even if inefcient, rather

than take up the management themselves.

o Education and awareness amongst farmers is an important parameter affecting the formation and

functioning of WUAs. An educated and aware community will be amenable to change and reform

and would be willing to share the responsibilities for the greater good of the community. In fact,

they would either demand or atleast welcome such a move as they can foresee the improvement in

the sen/ices that would be forthcoming. In other cases, there would be reluctance for any change

because of ignorance even if no other reasons exist.

o The movement of creating WUAs would be more relevant in the areas/regions where agro-climatic

conditions permits agriculture as a basic economic activity.

- The scope of WUAs could vary (and evolve over time) from being only marginal in which the users’

association would interact with the agencies in delivering water according to a time schedule to an

effective and coherent association willing to own a part of irrigation system and be responsible for

all its activities including its O&M deciding water rates and collecting the same, appointment of staff

etc.

o On the basis of experience and the conditions obtaining in each region, the following patterns could

be adopted with modication as needed:

‘r To receive water in bulk to be dispensed in a specied area (i.e. at all the outlets sen/ing that

area) under the command and take the responsibility of distributing water amongst its members
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Water markets in India display wide variations in organisational features. In north Gujarat, they

operate like agri-business with cash transactions, receipts and records. In parts of Andhra Pradesh and

Tamil Nadu, they are in the form of ‘water rent’, as provision for unpaid labour sen/ices. In between

these extremes, in the relatively water abundant Gangetic plains and deltaic regions, the markets have

a semi- commercial character.

The argument for water markets rests on the fact that they enhance the value of water; the

buyers of water use it more efciently, that buyers, as a group, being small farmers, gain substantially.

There are also employment and income benets to the landlords.

The argument against water markets rests on the fact that sellers are relatively richer farmers

and the water markets tend to enhance their control over small and marginal farmers, the water

markets are often monopolistic and are more keen on short-term gains.

The efciency and equity aspects of water markets can be adjudged on the basis of one's view

point regarding private and public control of a scarce resource. There can be no difference of opinion

on the question of sustainability. The geographic distribution of water markets in the countw and their

economic features show that their ‘depletive effects’ on ground water are so strong as to affect their

sustainability over time. This is a serious issue in water scarce areas since, as depletion proceeds fast,

the ecology of the area deteriorates and the poor and marginal farmers both buyers and non-buyers

(who are larger in number) suffer most.

The basic problem, therefore, is that of evolving a legally and institutionally enforceable system,

which will ensure sustainability and provide the parameters within which water markets could operate.

8.14 Reforms Above the Field Level

In the revised system of water management, consisting of representative bodies, there would

be need for an organisation between the eld level (F05 and WUAs) and the river basin level (RBO).

The intermediate level may be called the ‘ Water district’ on the analogy of the usage in several

countries.

We suggest that above the eld level and below the state level water districts may be formed,

as has been successfully done in many countries including China, Vitenam, Netherlands, U.S.A, Mexico.

In China, the water districts are linked with tiers of local administration. In the Netherlands, they are of

ancient spontaneous origin, not linked with political bodies or administration and are comprised of

representatives of all categories of water users. In Mexico, they are organised as part of the over all

reforms in irrigation management, on parts of a very large system. The main points to be borne in

mind are that depending on the hydrologic environment, the water district/sub-basin level

management may function as a pant of the basin management for which we have proposed river basin

organisation in the subsequent paras. The relationship between the parent basin management

organisation and water districts/sub-basin level management is based on well understood principles of

delegation of responsibilities and associated incentives based on well-dened rights and responsibilities.

The water district management could comprise of representatives of all types of water users and the

local governments, though agriculture and drinking water supply would have special representation and

they should also be empowered to take decisions. The role of departmental agencies would be to

support the local water management institutions by providing information and technical knowledge and

other support services like how to run organisations, keep records and handle legal issues.
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FRENCH EXAMPLE

Decentra//sation of water management /'n France to the basin level is the oldest and classic

example of integrated basin management and this method is now used in a number of countries. The

system, adopted after many years of study and debate,

, serve as a model for other countries. Key elements include

l ~I~ Well-dened laws and regulations : The Water Acts of 1964 and 1992 are the foundation of the French

system. The earlier law establishes specic quality objectives and regulations for pollution control, while the

l latter is designed in part to meet stricter European directives on water management.

industrial activity.

basins. The Water Boards (River Basin Agency) while

2 bidding) and are chosen by communities.

ll ~I~ Supporting research : About 14 percent of the Water Boards’ expenditure in 1992-96 was budgeted for

research and development.

Note : France has a unitary political structure

'2» Hydrographic basin management:The system is organized around six major hydrographic basins. These

correspond to the country's four main catchment areas and to two areas of dense population and intense

-2- tfomprehensive management, decentralization and participation: Each of the six basins has a basin

committee and a corresponding executing agency known as a Water Board. The basin committee, also known

as a “water parliament” because of its representation and powers, reflects regional — rather than central

government- control and is designed to promote the role and responsibility of different interest groups in the

,
responsible to the central government for certain technical matters (such as upholding national standards).

Water and sewerage services are provided by either public or private rms (increasingly through competitive

1
~2~ Cost recovery and incentives : The companies and entities operating water services deliver a portion of

i the charges they collect to the basin agencies. In addition, a “pollution fee” (a Penalty) is collected by the

j
basin agency. Most of these revenues are reinjected into the system to provide technical assistance and to

T
help the public or private sector ensure that water is safe and puried.

Source .' Serage/din, 1995, ‘Towards sustainable management of water resources, World Bank.

includes many excellent features and could

executing the committee's directives, are also

policy paper on RBOs. The main recommendations of the this Sub-Committee were :

~ The basic technical function of RBOs will be collection of data and development of basin level

information system, planning, coordination, monitoring and implementation of inter-state projects.

- The RBOs need not be set up under an Act of Parliament but through executive order.

e The State Governments may immediately initiate action for setting up of multi disciplinary units in

their respective states for preparation of comprehensive plans for water resources.

- Establishment of Brahmaputra Valley Authority and

‘
Ministry of Law for nal decision.

i It can be seen that the proposals have varied

Narmada Valley Authority after referring to

from one extreme to the other. The State

' Governments, except a few, have been either lukewarm or totally against these proposals and no

headway has been made.
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Subsequently, the National Water Board also set up a Sub-committee in 1992 to prepare a ‘
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We have considered this question carefully, on the basis of experience world wide, and are
strongly of the view RBOs are an essential institutional mechanism for integrated development. The
earlier proposals were not received with enthusiasm by the states, because the body to be created was
visualised as a nominated technical body of the Central Government. states naturally feared that
decisions may be thrust on them and that their freedom to develop waters allocated to them would be

substantially curtailed by such arrangements. In fact, the fear has been expressed that the concept of
allocation of water itself may be rendered inoperative. The answer to these fears, according to us, lies

in setting up the RBO as a body in which the concerned State Governments, local governments and
water users would have representation and which would provide a forum for mutual discussions and
agreement. Water is so emotional and sensitive a subject that people would either agree to share or
ght over it, if opportunity for mutual discussion is not there. Wisdom lies in creating such

opportunities.

There have been suggestions to form a body consisting entirely of either state and local

government representatives or of water users or to have a government body above that of water
users. We feel that such arrangements would not lead to desired results and that it is only a combined
body of both that could lead to healthy results, if not immediately, at least in the long run.

We would suggest the following indicative structures of an RBO, keeping in mind the need for
wide representation, general acceptance and effective functioning. The RBO may consist of a general

council and a standing committee with a permanent secretariat.

The general council may consist of :

From each riparian state :

~I~ Minister representatives of the State Government -> 2

‘ ‘I~ Leader of the opposition -> 1

~I~ Representatives of panchayats from each of the district in the basin -> 3

(3 presidents elected form the presidents at all the levels, of which
one shall be a woman and one a SC/ST member)

*2‘ Representative of urban local bodies from each district in the basin -> 1

~I- Representative of water districts (by whatever name called) -> 2

from each such district in the basin (elected from the presidents
of the water districts and of whom one shall be woman)
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Standing Committee

From each state :

State Minister (who will be president by rotation for a year or two) - 1

Leader of Opposition - 1

Representatives of Panchayats (of which one shall be - 3
a woman and one SC/ST member)

Representatives of urban local bodies (of which one shall - 3
be a woman and one SC/ST member)

Representative of water districts (of which one shall be - 3
a woman and one SC/ST member)

All these will be elected from among the Council members)

/Vote : If there are three r/par/an states, the Standing Comm/ttee w/// have 33 members.

Other models are possible; what is important is the representative character and the details
have to be ironed out in the National Water Resources Council (NWRC), before legislation is initiated.

The Secretariat of the RBO may be formed by restructuring the eld ofces of the CWC. It
should be a multi-disciplinary professional body. The Secretariat would use NWDA also in its eld work.
The cost of funding the RBO may be shared equally by the Government of India and the participating
states.

It shall be the function of RBO to collect data, disseminate them in local languages, formulate
integrative master plans and consider the proposals from constituent states on various issues, including
projects proposals in the basin and monitor implementation of large projects. The RBO would also be
empowered to be the forum for mutual discussions among the states concerned and also to resort to
conciliation to resolve differences — either by its own members, as may be agreed, or by enlisting the
services of eminent persons, known for their impartiality and integrity. Suggestion have been made
that RBO should execute projects, but this may be done only if the State Government concerned
requests the RBO to take up the responsibility.

The decisions of the Council and Committee shall be preferably on the basis of consensus or
unanimity and if this is not possible, on the basis of majority from each of the states (that is, in an
RBO of three states, in the Standing Committee at least six members from each state should agree).
Time limits may be xed for arriving at the decisions. If decisions are not taken within the prescribed
time limit, it should be open for any state to take the matter to the Central Government for
adjudication by a tribunal or to the National Water Resources Council for discussion and settlement,
depending upon the subject matter.

8.16 Reforms at State Level

The dominant institutional structure of governments in India is departmental and that is true of
the water sector also. In that structure, there is division of responsibilities among departments, both in
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phase of restructuring as suggested above, the apex professional organisation should be modelled on

the lines of the restructured CWC into a State Commission, as suggested by us in the next section.

8.17 Reforms at the Central Level

The Ministry of Water Resources was concerned, from its earlier days as Ministry of Irrigation
and Power, mainly with ‘irrigation’ aspects of water resources. Its current mandate in the Allocation of
Business includes the following general clause, namely :

‘Development, conservation and management of water as a national resource; over all national

perspective of water planning and coordination in relation to diverse use of water’.

Water supply — urban and rural , soil conservation and watershed development, environment,

water quality etc. are dealt with by other ministries/departments, The policies and programmes of the

one impinge on the other. Since water has diverse uses, the entire subject cannot be brought under

one ministw and as stated above, what is essential is to ensure coordination. For this purpose, the

ministry (secretariat) and more so, its attached ofce (head of the department) should have multi-

disciplinary capability.

The Ministry and the Central Water Commission generally suffer from the same kind of
constraints as those of the state departments. The Central Water Commission escaped this to some

extent, since it was established from the very beginning as a Commission (The Central Waterways,

Irrigation and Navigation Commission, 1945). headed by eminent engineers, it had a measures of

autonomy, though only an ‘attached office’. Over the years, it became a premier technical organisation

in the eld of irrigation and ood control and despite the constraints as a ‘department’, has constantly

updated itself. Yet, its focus is on irrigation, large dams and resen/oirs and canal systems and not

Water Resources Development and Management as a whole. It is predominantly an engineering

organisation . Out of 1054 professionals and technical staff in CWC, 978 are engineers. Irrigation itself

has many facets and as structured now, the CWC cannot deal with them.

The challenges of integrated water development and management can be faced only if the apex

institution at the national level is suitably equipped for it and has the necessary multi-disciplinary

capacity. The status of an attached ofce, which is in practice subordinate to the Ministry and has little

autonomy in functioning is inappropriate for achieving this. We recommend that the CWC should be

restructured into a statutory high-powered inter-disciplinary Commission, with maximum autonomy, in

order to deal with policy and reforms, centre- state and inter- state issues, planning and project

nalisation, international aspects other than those that have to be retained with the ministry; legal,

economic and nancial issues, water productivity, conservation and management, environmental

aspects and rehabilitation, people's participation and communication, coordination and facilitation of

inter-disciplinary research, HRD and training, and a National Information/Data System. These

responsibilities will be fullled by organizing the work of the Commission in major Divisions, which will

be headed not by engineers alone, but also by senior professionals in respective elds with experience

in the water sector. The Commission should also have powers to establish innovative organisational

structures for specic functions, say, for example, designs, which is a very important activity.
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8.18 National Water Resources Council

National Water Resources Council (NWRC) was set up by the Government of India in March,
1983. The Prime Minister is the Chairman, Union Minister of Water Resources is the Vice-Chairman and
Union Ministers of Finance, Agriculture, Rural Development, Planning, Urban Development, Energy,
Surface Transport and Science and Technology, Chief Ministers of State and Administrators/Lt.
Governors of the Union Territories are the members. Secretary, Ministry of Water Resources is the
Secretary of the Council. The Functions of the Council are as follows :

0 To lay down the national water policy and to review it from time to time.

0 To consider and review water development plans submitted to its (including alternative plan) by the
National Water Development Agency, the River Basin Commission, etc.

0 To recommend acceptance of water plans with such modications as may be considered
appropriate and necessary.

0 To give directions for carrying out such further studies as may be necessary for full consideration of
the plans or components thereof.

0 To advise on the modalities of resolving inter- state difference with regard to specic elements of
water plans and such other issues that arise during planning to implementation of the projects.

0 To advise practices and procedures, administrative arrangements and regulations for the fair
distribution and utilisation of water resources by different beneciaries keeping in view optimum
development and the maximum benets to the people.

0 To make such other recommendations as would foster expeditious and environmentally sound and
economical development of water resources in various regions.

The Council is supposed to meet at leastone in a year. But so far, it has held only three
meetings during the last 15 years, the last one being held in February, 1996. In its second meeting
held in 1987, the Council adopted the National Water Policy which was placed before the Parliament
and circulated to the Central Ministries and States for implementation. The National Water Resources
Council has yet to establish itself as an effective body and is mainly a deliberative body, which meets
rarely.

NWRC is a high-powered Council and the need for such a body for the water sector cannot be
over-emphasised. To make it effective, it has been suggested that the Council may also be made a

statutory body under the inter~ state rivers law proposed by us. We feel that this would not be
appropriate NWRC is high level centre — state political body, (like the National Development Council)
which can discuss all aspects of water policy and development in the country. Brieng it within the
ambit of the inter- state rivers law may, in fact, limit its scope in some respects. It may, therefore,
continue as at present. What is important is that instead of sporadic discussions on the issues that
come up, the Council may take steps to constitute ad hoc committee, groups and even appointment of
eminent persons as mediators/facilitators so as to have sustained, serious discussions and negotiations
to arrive at solutions.

The following functions would be appropriate for the NWRC :

o To lay down the national water policy and to review it from time to time.
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Table-9.1

Planwise Expenditure on Irrigation in India(As Percentage of All Sectors)

S

No.
Period Major/ Medium Irrigation Total Irrigation

as Percentage as Percentage
of all Sectors of all Sectors

I--\

First Plan (1951-56) 19.20 22.54

l\l

Second Plan (1956-61) 8.13 11.59

Lad

Third Plan (1961-66) 6.72 11.86

-I5

Annual Plans (1966-69) 6.49 14.88

U"l

Fourth Plan (1969-74) 7.87 15.27

O'\

Fifth Plan (1974-78) 8.78 14.27

\l

Annual Plans (1978-80) 9.06 14.25

G)

Sixth Plan (1980-85) 6.74 10.55

LO

Seventh Plan (1985-90) 5.08 8.57

Annual Plans (1990-92) 4.00 7.3910

l 11 Eighth Plan (1992-97) 4.18 6.69

Source: CWC — Report of the Working Group on Major and Medium Irrigation Programme for the 9t/7 Five Year P/an

of committees and external nancing agencies, the situation has not only not improved, but has
deteriorated over the years. Unless urgent and drastic steps are taken to reverse the trend, the
economy, as a whole will have to pay a dear price in the coming years. We have approached the
whole question on the basis of this assessment.

9.2 Past Investment and Future Needs

Major and Medium Projects

Large amounts have been spent during the planning era on Irrigation Schemes. It is estimated
that at 1996-97 price level, about Rs.1,32,390 crores were spent on major and medium projects upto
that year. The gure works out to over Rs.2,31,387 crores, if expenditure on ood control, minor
projects and command area development is also added. The ongoing projects are mostly large and
medium projects. It has been estimated that the spill-over cost of the 162 major projects, alongwith
medium and ERM projects at 1996-97 prices, would come to about Rs.1,36,133 crores at the beginning
of the Ninth Plan (Chapter 10). The outlay for the plan period, as nalised by the Government of
India, is Rs.42,974 crores. Taking into account price escalation during the plan period, the spill-over
cost at the end of the Ninth Plan, would be around the same or even more than that at the beginning
of the plan. It has been estimated very roughly that an amount of Rs. 70,000 crores in Tenth Plan and
Rs. 1,10,000 crores in the Eleventh Plan would be necessary to complete all these projects.

These gures indicate the order of nances that are necessary and are not even reasonably
accurate. This is because, even though the number of major projects is not large, precise information
on commencement, year of revision of estimates and expected completion is not available. The revised
estimates prepared in different years for different projects are added up to arrive at the amount
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Table-9.3

Status of Selected 1“ and 2"“ Plan Schemes at the Beginning of 9th Plan

(Rs. crores)

Name of Scheme Est. Exp. Upto Spillover 9th Plan
, Cost I 3/97 cost Outlay
l

Tungabhadra , 230.33 ' 190.65 39.68 27.00
Bhander Canal 9.49 6.71 2.78 2.78
Barrage Irrigation 60.00 56.68 3.32 4.03
System of DVC

Nagarjunasagar 950.00 851.35 98.65 115.00

Tungabhadra HLC 62.93 44.08 18.85 10.00
Kabini (NP) 1,307.00 292.83 1,014.17 —

l l

l
Barna , 31.25 27.63 , 3.62 3.62
Khadakwasla 1 345.06 225.88 1 119.18 75.13

l
Kangsabati 224.09 205.41 18.68 20.00

I | I

Source: CWC

When the two Tables are compared, it would be seen that costs have increased in a big way in
almost all cases, that inspite of allocating full residual cost as outlay in a plan period, the spill-over
costs are increasing and that the schemes do not even seem to be reaching completion.

Despite the fact that the nancial gures are, at the most, best estimates, and at the least,
guess-estimates, it is clear that it has not been found possible to provide government funds, in the
plan, to adequately nance even ongoing projects. There will be no scope, therefore, for new major
projects in the next two plan periods if the present order of nancing continues or unless some of the
projects are abandoned/ suspended under the scheme of prioritisation. This is a measure of the
problem of funds faced by the major projects.

Some ameliorative measures have been taken up since 1996 to try to complete projects in

advanced stages of construction by making additional funds available to them. The Accelerated
Irrigation Benet Programme (AIBP) was launched by the Government of India in 1996-97 as a central
loan scheme on matching basis. Selected major and medium projects were nanced under the
programme during the last three years. The loan released, the number of projects and the additional
potential estimated to have been created are given in Table 9.4. ’
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substantial areas have been brought under irrigation, especially in rain fed areas. Detailed micro-level
research studies are needed to evaluate the results. Since substantial institutional funding is involved,
NABARD should take the initiative to nance such independent studies.

Integrated Watershed Programmes

These are gaining greater acceptance from the point of view of lower costs, people's
involvement, early returns and local soil, water and vegetative restoration and conservation. The
efforts made in this direction are covered in detail in Chapter 6. A Committee of the Planning
Commission has estimated the reasonable requirements of the next 25 years for such programmes as

follows : ‘The Government should aim at covering about 10 Mha of area for watershed development in

the Ninth Plan on demonstration basis and thereafter, people should take lead in this matter. If need
arises, ten percent of the project cost towards infrastructural and technological support may be

subsequently provided by the government for enabling the people to obtain the best results. Assuming
Rs.3,000 per hectare as the initial average cost, the physical and nancial targets for perspective plan
for watershed development are given in the Table 9.5. Thus, the entire treatable area could be

covered by the end of Thirteenth Plan, with both government's and people's initiative. This would be

not only realistic, but also cost effective and result oriented, as the people themselves will largely plan
and implement the programmes.

Table-9.5

Physical and Financial Targets of Perspective Plan for
Watershed Development

Plan Area to be covered by Cost Total cost at 1994-95 prices
period (Mha) per ha

Govt. People's (Rs.) Govt. People Total
Initiative (Rs. In (Rs. in (Rs. in

‘ crores) crores) crores)

9"‘ Plan 10 5 3000 3000 1500 4500

I 10”‘ Plan 7 l 8 3000 2100 2400 4500

11"“ Plan 5 10 2800 1400 2800 4200

12"‘ Plan 3 12 2600 780 3120 3900

13"‘ Plan 2 13 2500 500 3250 3750

Total 27 48 7780 13070 20850

Source." Report of the Committee on Twenty Five Years‘ Perspective P/an for the Development ofRainfed Areas

The order of funds estimated for integrated watershed development could be found from the
integration of all area programmes as stated later in this chapter. The main problems are attitudinal
and organisational and not nancial.

Ground Water

As stated in chapter 4, there has been spectacular development of ground water during the last

four decades, with nearly half the irrigated area now being dependant on this source. A very large part
of the investment on dug wells, bore wells, tube wells and lift schemes as well as on the pumps —

electrical and diesel, has been made by the private sector. No reliable estimate of this is available, but
that it is substantial, is evident from the area irrigated. Public investment on this has been generally

included under ‘minor irrigation’.
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9.3 Augmentation of Government Funds

In view of paucity of government funds, efforts are being made to augment funds either by i)
nding other sources or ii) by arranging for specic components of projects to be nanced by
beneciaries. The Ministry of Water Resources, at one time, proposed i) earmarked funding of National
Projects and ii) setting up of an Irrigation Finance Commission. Both these did not materlise for
obvious reasons. In a sensitive subject like nancing of major irrigation projects, the selection of
National Projects is a ticklish question. If the responsibility for nancing is taken upon by the Centre,
there is likely to be a race for inclusion as National Projects, defeating the very purpose behind the
idea. As proposed elsewhere in this report, prioritisation and projectvvise nancing are more rational
and better alternatives. Since returns in this sector are very low, an Irrigation Finance Commission
would not be viable and could at best be a channel for routing mostly government funds. A
Commission could be considered at an appropriate time, after the initial steps for improving the returns
as proposed in this report are taken.

One of the Groups on major and medium projects for the Ninth Plan, went into the whole
question of funds. It made several suggestions for augmenting resources, the more important of which
related to :

Funding by NABARD
Water equity or Bonds
Private Sector Participation
Commercial exploitation of land (adjacent to major canal reservoirs)
Integration of rural development & water resources sector
Farmer's participation

Funding by NABARD

It has been suggested that the RIDF scheme may be expanded and also extended to
subsequent years of the Ninth Five Year Plan. Further, there are certain ongoing major water resources
schemes, which are likely to be completed within next few years creating substantial irrigation
potential. As such, a change in policy relating to nancing by NABARD under RIDF was also suggested
to include such benecial schemes, as sub-projects of major schemes. It is seen that a portion of RIDF
is already being spent on major irrigation schemes. However, being a banking institution, NABARD
recovers the loan amount alongwith interest and this liability will have to be met by State
Governments, adding to their debt burden and scal decit. There are, therefore, obvious limits, as at
present, to the volume of funds that NABARD can commit to the irrigation sector, in which the direct
nancial returns are negligible.

Water Equity or Bonds

It is proposed that farmers and other user groups should be made co-owners of the irrigation
works through equity shares. The suggestion is that a percentage of capital invested in the project
could be offered as equity shares to individual farmers and other users, as well as to other
associations. This could also be done in exchange for labour contribution to project construction. The
‘equity share’ issued to the farmers would be thought of as nancing instruments as well as entitlement
to the water. Water entitlement will be made proportional to the land area of farmers in the command.
It is expected that at least the cost of construction and maintenance of distribution canals could be
covered by such arrangements, even though major investment would have to be by Governments. This
route should be pursued to the extent possible.

lI
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industrial use and urban water supply and for these components in other major projects. Some
initiatives in respect of private sector participation have been taken in the States of A.P., Karnataka,
M.P., Maharashtra & Orissa, especially for water supply systems. The experience of operationalisation
of such initiatives and the results thereof have to be evaluated and appropriate lessons drawn from it.

Commercial Exploitation of Land

Water resource projects lead to indirect advantages which can be exploited for generating
revenue. For example, areas around reservoirs and the embankments of water resource projects could
be developed for recreational facilities/tourist resorts by the private sector on mutually agreed
conditions. The returns have to be attractive enough to ensure that the canals are not polluted and
the reservoirs and embankments are well protected and maintained. It may not be an important means
of generating revenue for development of water resources, but can have a role in specic locations and
should be exploited to the extent possible.

Integrating Rural Areas Programme with Water Resources Sector

We have suggested the integration of rural areas programmes and a part of rural employment
programmes of the integrated rural development in Chapter 6 on ‘Local Water Resources Development
and Management’. This can be the principal source of funds for integrated watershed development
and minor irrigation and will be a more effective way of using funds for rural areas leading to economy
and efciency. The order of funds that would be available by such integration, as well as from AIBP,
RIDF, other institutional nance and bonds during the Ninth Plan Period for the irrigation sector as a
whole, may be around Rs. 90,000 crores. Alongwith peoples’ contribution, this would be adequate for
the purpose in view.

Water Users’ and Community Participation

The need for encouraging strong and effective farmers’ organisations/Water Users Associations
(WUA) has been stressed by us in Chapter 8. The maintenance of minors (500 ha) could be handed
over to the WUAs. This would bring about a reasonable reduction in the costs and responsibility of the
government agencies. Besides routine operation and maintenance, the farmers’ organisations/WUAs
could also take up the task of collecting revenue from individual beneciaries so as to improve upon
the revenue collection. The success story of the Water Users Associations already operating in some of
the States needs to be extended to other areas, with suitable local adaptation.

For eld level works in the case of major projects, minor irrigation works, repairs of tanks and
other works in rural areas, as much funds as possible should be generated through community
involvement. There is considerable scope for this and it will relieve pressure on Government funds.

External Assistance

External nancial assistance is another possible source to augment funds. During the Eighth
Plan, the externally assisted irrigation projects accounted for 18 percent of the total estimate of
ongoing projects. The foreign assistance forms only a part of the cost of the projects and because of
strict conditions relating to procedures, cost estimates, environment and rehabilitation issues, the
overall amounts available and the number of projects to be assisted in the future will continue to be
limited. The bilateral donor or agencies have been interested in and continue to assist water supply
schemes and integrated watershed projects. International and bilateral assistance for both these latter
type of projects could be substantially more, if utilisation of funds is improved by making major
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~ A Completion Report should be prepared for each project/phase. To ensure this, an amount of
rupees one to two crores may be retained in the nal bill for reimbursement under project
nancing. The amount may be released only if the Completion Report is itself completed.

- Since establishment costs are soaring and in the extended period of projects rise to unconscionable

levels, a ceiling on establishment costs (including work-charged) should be enforced. The ceiling

should be 20 percent of the cost and every effort should be made to keep it around 12 to 15

percent. Expenditure above 20 percent should not be reimbursed.

- The scope of a project should not be allowed to change, except after prior mid-project appraisal

and specic approval. If there is change of storage/capacity of main canal/potential, over 10

percent of what was envisaged at the time of approval of the project, a project should be

considered to have changed in ‘scope’.

Medium Projects

- The CWC should concentrate on large projects and monitor them more closely. The approval and

implementation of medium projects may be left to the states. One objection is that many of these

are on tributaries of inter-state rivers and questions of design of excess capacity would arise in that

context. It may be laid down that in all such cases, the state proposing the project shall notify it in

the Gazette and to the concerned states with full details of the parameters laid down by the CWC.

If there are objections, within the prescribed period, they should be sorted out mutually or through

the Basin Organisations that we have proposed in this Report for each major basin. Until such

organisations are created, if there is no mutual agreement, any of the parties could take up the

question with the CWC for decision.

- The principles regarding commencement, completion and establishment costs suggested for major

projects shall apply to these projects also and it is for the state authorities and audit to ensure

them.

9.5 Pricing of Water

As stated earlier, water is both an economic and social good. Water used for irrigation is an

economic good and its logical pricing is a key to improving water allocation and encouraging

consen/ation.

During the pre-independence period, irrigation projects were constructed and operated as

nancially viable ventures, except for those specically considered as protective works. After

independence, they were viewed as instruments of development and social benets. We deal with the

criteria for economic and nancial analysis of projects in the next chapter in some detail: Here we

would only like to note that,in practice, the nancial returns are negative in all the projects.

The present canal water rates in the states are still area based depending on crops and seasons

and sometimes the reliability of supplies. There is very wide variation in the rates even for the same

crop. The charges are also very low and have not been revised for many decades in most states. Table

9.6 illustrates this strikingly.
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There is no similarity in the practices followed by various States. There are some States which
provide water (and often the related power) free of cost to some categories of farmers. In some

others, irrigation charges are combined with land revenue. In some, they vary only by seasons while in

a few others, they depend on land classication, like wet and dry lands. In some States there are

different rates for water supplied by perennial and non-perennial canals. Some States differentiate
between various classes of projects for charging water rates. There are many other variations
depending on categories of services provided.

It is seen from the gures of gross annual receipts and working expenses of major and medium

projects for the period 1974-75 to 1986-87 for purely irrigation projects that the gross recoveries went
down from about 85 percent of working expenses in 1974-75 to about 42 percent in 1986-87. This

was mainly due to large rise in working expenses while the water rates remained more or less

stagnant. For surface minor irrigation schemes also, the percentage went down from almost ten

percent in 1975-76 to about two percent in 1986-87.

The revenue receipts have been very low due to reasons like :

~ Very low water tariffs and reluctance of State Governments to review and increase the rates

periodically to keep pace with rising capital and O&M costs. Many States have not revised the

rates since early 80's and some are continuing the rates xed in early sixties and seventies.

~ Physical and operational inadequacies of the created facilities resulting in low and uncertain

utility and consequent low collection of water charges.

o Present method of charging for water on area crop basis instead of volumetric basis resulting in

substantial wastage. Lack of incentives to farmers for saving water which can be utilised to

serve larger areas.

~ High level of working expenses, especially on establishment.

o Inefciency in revenue collection organisations and inadequacy of the collection system giving

rise to large arrears.

There are a number of ways in which the returns can be increased. The returns can be

increased expanding the beneted area by saving water. The working expenses can be reduced by

modernising the system, better water management, organisational reforms and improved infrastructure

(chapter 4). There is great scope for reducing O&M costs by curtailing overstafng by redeployment,

providing better communication facilities and establishing participatory management. Water rates are

so low that they need to be increased substantially, but one of the important ways to overcome

resistance would be to increase reliability and efciency through these means. Increase in water tariff

could be resorted to only alongwith restructuring measures.

As for the rates themselves, there are three basic approaches to setting charges. Rates can be

related to the cost of providing irrigation or to the benets to be derived from irrigation or to some

value judgement on the beneciaries’ability to pay the rates. Marginal cost pricing, though theoretically

favoured has several practical limitations in practice. Various Committees and Commissions examined

the issue from time to time and have given their recommendations. The Irrigation Commission, 1972

recommended that the water rates should be ve percent to twelve percent of the total value of farm

produce, the lower percentage being applicable to fodder and food crops and the higher for cash crops.
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differentiation in rate structure resulting from varying agro-climatic conditions; (ii) it is not
related to supply cost or scarcity value of water; and (iii) it does not provide any incentive to
farmers for economical use of water.

With the background of the past proposals, especially those detailed ones made by the
Vaidyanathan Committee, the following general principles are recommended by us :

1

3 o There should be rationalisation of basic principles of xing the water tariffs in all the States.

o The irrigation Commission (1972) had recommended rate structure linked with value of gross

product of irrigated hectare irrespective of the working expenses. Vaidyanathan Committee had

tied up the rates with O&M cost and a part of the capital cost without reference to value of the
product. It is felt that both these approaches should be combined so that the rates are

adequate to cover annual O&M costs and also cover a part of the productivity gains of the
farmers. As it is difficult to assess the precise productivity impact of irrigation alone on crop-by-
crop basis, the tariff should be linked to the gross value of products and not to incremental

benets. The cash crops should pay higher rates as their farmers have greater capacity to pay.

- The water rates should accordingly cover the entire annual O&M cost plus one percent of the

gross value of the produce/ha in respect of cereal crops and a higher percentage in case of

cash crops.

- These rates should be levied as single part variable tariff for the present. However, the scheme

of charging a basic xed rate alongwith a variable part is quite logical and should be followed

up with the State Governments.

~ Some States have supplementary levies like betterment charges, Mandi-charges etc. The States

may continue these additional charges.

o The revised water pricing structure should be such that the rates are substantially lower for

those who accept group volumetric supply than for individual farmers. Also, the WUAs should

be allowed to collect a little over and above the prescribed water rates to encourage them to

i l improve the system under their charge.

o Though area, crop and season based tariffs are in force in various States at present, they

require inter-se rationalisation to reflect varying degrees of water consumption by various crops

and their economic values.

o Looking to the extremely low existing rates and the policy of subsidising water which has been

continuing since several decades, it is not practicable to enhance the water rates in one single

step. Subsidies in the rates in the form of lower percentage applicable to gross value of the

products may have, therefore, to be continued for sometime and gradually phased out.

- Past O&M expenses have been found to be very low because of inadequate budget allocations.

Realistic O&M costs/ha should be worked out by each State on pilot representative systems by

allotting adequate funds. These gures should be used for xing of rates. However, in working

out the cost, the ceiling rates on establishment charges should be invariably followed.

o There should be two distinct components of irrigation water charges; one for O&M and other

related to the value of the product. The O&M component should be fully utilised for the

256



LSZ

‘D81112q0s|2p|no3s212.11212/v\|2uos22s

108|d!I)U!Jd2q_|_'2sn185.12].101A|2/\gss2.|6o1dp2s22.|3u1S85Jl2L|3pue’sd21auqnd211101uog1!pp2

ug’221;2qAewuog132uuo:>.|2dA1;1u2nbpaxgu!21.|2a2‘A|ddns:>;1s2\.u0p1o2s232q1u1'suo;621

3Z).lQ3S—.l91QMug‘A111n:>2s.101LLll’1!LU8Jd26u!pp2‘A|6u!p1oa32p2x|_1s26.|2Lp1812Mpu2p2g|dd22q

01seq,sA2dJ21n||od‘s/edJ3Sl'l\102|dpug1d2111'S8SOC|J|'\d|2111snpu!Jo;s2g|ddns102s232q1u1-

's1unow21u2o|_4gu6;sp|2gA1ou'21o1212q1

‘mm2612qa.|nsAuv's12Lu12126.|2|10SJ8C|LUl'\Up21g1.ug|M2/\2A|uo2.12212q1'J9AOB.lOW's1ndu;

||2101s2a12as2141sgqagq/v\.1212/v\uog126g1.|gA||2p2ds‘s212Jpasgpgsqns121ndu!A12/\2pu2Lpea

8p[AOJd01p22u212q1sgJOU2|qgs2211ousg11'w2q101p2pg/\o1d212s212.||2uogss2auoa121!P2n

pu2s1ndugpasgpgsqnsLpgq/v\12puns21ns22w212.|2d2sAq102123u2>121S!1s2.|21uq,s.12Lu12;

|E'U!5JEl.Upue||2u1s12u1p2n6122q0s|2MELU1!'u2>\E1||2/v\S!1u!od2q12|;q/v\'2612q91ns2|q21gns

2p2;/\2|2qAew214()'[6ugp223x2‘A25‘s6u!p|0q85JQ|111!/v\s.:2u.u2112q1p2sodo.1d’21o;212q1

‘s!11'sJ2Lu121|2ug6.:ewpu2||2|.us132112A|2s.|2/\p2mms25.12Lp1212/v\6ugs22.nug12111p2n6.:2

sg11-uog12.|2pgsuoaA1!nb2sg1212/v\uop,26;.ug.10;111121101sgseq2q1Bugxgug2nssg1u21.|od|.uguv-

'uo!126g.u!MogA1!/\2.|610;2soq1u2q1J2q6gq

1EL|M8U.IOS2qo11no>110/v\Aeweq/s21212q1's1s0:>|2uo!1212doqgq102sn2a2q‘u2q1u2/\g'MO|

2qos|2p|no1v\s1soa|21gd2a9L|_[_'ss2|L|3|'\LU2q||!/v\1Ll8UJ8J!l'\b9Juog126u11ss0152q1‘s2w2q:>s

11"10252::u!/v\o|A12/\2q||yv\s2sso|2au2A2/\uo22141sv22110621211u2.:2;4gp10;p2x|_12q

s2121pu2s26u2111g|016ugp1o:>o2p2sg1o621232qu23s2u.|2l.ps2q__|_'s1s2q2u12Lun|o/\uop2x1_1

2qp|noqs1111212q1‘2|q21ns22uuA|!s222qmm1212/v\sgq1sv'S9LU8L|3S2s2q110s1soaW130pu2

|21!d23211110sgs2q2q1uo1nop2>11o/v\2qp|noqs2w2q:>suog126g1Jg11"101212/v\Jo;Buppdaqi-

's1s2q2212donuop26.|2q32q012/\2q

oq/v\s42wnsuoa|2np1/\gpu;12/\o‘sgseq:>g.112u1n|o/\uoJ912Mp2!|ddns2qu2:>oq/v\’s.|2u.msuoa

GHOJ5012/\g1u2au!212nb2p22/\g6pu2uog121.uJo1dno16JQSH262.1noau2p|n0\.|s26u2q:>eqi-

'2621sA12/\212pugwug1d2>i2qp|noqssu.|1

pu2‘A||2np2.|6q6noq1‘A|212Lug1|n1u2Lu2Jns22u.|3g112u.|n|o/\2/\2u.p2012qp|n0\.|s2/\!1:>2_[qo211_1_-

‘LUJ,UQ|’1bp2;nss22q11oA|ddns-uou.10;212q2.110s212.|p212|:>2p2qp|noqs242111'(2)

10132ds21ugu2/\3's122Au22|Bupnpuo!19npoJd10sso|.101s132[o1d2|q21|21ss2;12puns.|2uu21

8L|1212su2d|.uoa01A|1:>211pugM8!A2q1q1!Msgsgq1_uauuo;2L|110;p2x|_1s2121||n12\.|110SpJ!L|1

-0/v\12qp|n0us12112|2q1101s21211212/v\2q1‘1u2a12dQ510A1;|1q2g|2.|LUl'\LU!U!LU2Buuapgsuoj)

'1u2312d54u2q1ss2|(q)pu22/\oq2101U83J8d54(2)10A1!|!q21|2123u2LuJ01.12clL.|J,1M8SOL|J,01u1

paggssep2qp|no1.|sSl3B_[O.lduog125g41!2:2;,|ns5u!1s!x22q1'sp.|o32.||2ag60|o.1pAq10sgs2q2111UQ~

'sdo135U[LUI'\SUOI)1212/v\ss2|01p212du.|03s22.|0u.|A|212u0g1.1odo4d

p95Jl2L|3212sdon2/\gsu21ug1212/v\2q112q1p2s1|2uo1121os2qp|no1.|ss21212141SI'\L|_1_

"u0g1u21u!2\.|12123!pu!1s22|12J01212/v\101!un12dp2sgwg1d02.12s1|_12u2q10uog13npo.|d12q1

A2/v\2LDHSu!sdon2q1os|2pu2suos22s2q1u22/v\12q212g1u2.|2111pp|I'\OL|S21n13nJ1s2121211i-

's122[0.:d||2101/&|u0Lu\.uo3126pnq|E1U9LU1JECl8p2q1ug

10;p2pg/\o1d212S9J1!|I)U3dX9pu2212152q11opun;p212pg|osu03uowwon2\.|101u1/v\0|1s1dg2a24

2q1||2'J,U8S9Jd1v's212up23u2qu221.11Aed01p2621no:>u22425121111212q112L.|1os‘2|qgss0d

su.|12>12Lu01p2|_11pou.12qp|n0qss21np23o1d|2pu2ug9LU_'sdo.|:>2q11oA1!/\!1:>np01d8L|1pue

W3910s2.|n6|_4s1!uop2s2qs1u2uodwo30M12\.|110uog1.|odoJd|21n12u2L|12pp2p019I\EL|||g/v\

21215L|DE'§]'suo!12oo||2126pnqum;’uog121u2u12|ddnsq1;/v\Lu21sAs2q12sgu12pow01p2sn2q

p|n0qs112dpu0:>2s2L|1_'Lu21s/Ks2q110suog1.|od2/\!132ds2.12q110BI)UQL|81U1QLUpu2uog1212d0

2



 I
l

9.6 Water Pricing Authorities

changes in the pricing of water.

The above are broad guideline" and the details have to be worked out and operatinalised in

each state, perhaps separately for regions in large states or even for projects. We believe that

suggesting a uniform formula for the entire countiy would have no practical value. We, therefore, ;

propose that a Water Pricing Authority be constituted in each state by statute, on the analogy of the

energy pricing authorities and the general principles, with suitable local modications, incorporated as

guidelines for the Pricing Authority. The pricing structure suggested by the Authority, after hearing all

the parties concerned, should be binding on all concerned. Any subsidy proposed to be given by the 1*

State Government for any particular use would be transparent and given as such as a subsidy for such

time as the government decides. The subsidy should not affect the funds for the water sector. We

belive that the constitution of independent pricing authorities would help bring about the long over-due
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project funding led to thin spreading of resources and further delay in completion of projects. Since
time over-runs lead to cost over-runs delaying the realisation of benets, stress was laid from the
Seventh Plan onwards on avoiding taking up of new projects. Although the number of new starts was
reduced due to this policy, it could not lead to any signicant reduction in the number of ongoing major
projects. Also, in spite, of spending large sums, more or less in accordance with the approved outlays,
the number of projects completed was much less than planned.

Such a large carryover of incomplete projects implies locking up of capital and land for a long
time without any returns and hence amounts to wasteful use of scarce resources. Costs escalate over
time and the returns decline. Hence, it is important to prioritise projects and concentrate all the
capacity and nancial resources on a few projects at a time, in order of priority, for the sake of early
completion and derival of benets. Early accrual of benets from some may in fact enhance the
capability of the system to undertake more projects and at a faster pace.

We have attempted here to evolve a set of guidelines and rules for prioritisation of
projects. “Prioritisation” cannot be a one time exercise since there is a continuing addition to the stock
of possible projects. It may have to be done at the beginning of every ve year plan. Guidelines have
to be applied at the level of the state governments which is the most relevant level for making decision
about the implementation of important projects.

Considering nancial constraints, in addition to prioritisation of projects, it would become
necessaw to implement many of the ongoing major projects in phases, by dividing a major project
into identiable and meaningful sub-systems. Funding for identied sub-system would help in
achieving the potential in a phased manner commensurate with the expenditure incurred.

TYPICAL PERPETUAL PROJECTS

(Rs. in Crores)

SI. Name of Started Original At beginning of At beginning of
No. Project in Plan Cost 6"‘ Plan 9"‘ Plan

‘ Cost Exp. Cost Exp.

1 Tungabhadra I 33 65 60 230 190
dam and LBC

2 Nagarjuna - II 91 533 360 950 850
sagar

3 Khadakwasla II 12 100 43 l 345 226
4 Kabini(Non ‘ 11 l - ‘ 79 61 1307 293

Plan)
(Unapproved)

The cost have increased enormously; Residual Costs are also ever increasing.
The projects do not seem to be nearing completion even by the end of the Ninth Plan.

Unapproved schemes under non plan are continuing with very low outlays.
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appears to be against diluting the requirement of dependable deliveries. At the same time it is

recognized that if carry over storages are not possible, there could be a “wastage” of water through
spills in reservoirs in three out of four years and that this may not be a proper strategy. Strategies are

available for larger and more optimum utilization not only through carry over storages, but also

through an appropriate conjunctive use in which ground water ‘storage provides the carry over. Again,

‘f th reliabilities are maintained in one crop seasonbenets of irrigation could be substantive even I e
. h l risks. This approach has been used in(say Kharif) and other crop seasons are allowednto aggi/e<';I;9j:y in

3 number of medium irrigation pm]-eqs m t e 0' p In eneral a clear statement Of P°.'ici<-‘,5,

the reliability concept can be segldgpetgsabflirtvgf ggeiaircent? and allowing innovative exibilties in
escribing a general output re a

Fhris regard and also favouring cariy over development, is required.

Conjunctive Use

Larger conjunctive use of surface and ground water and their interaction needs to be
incorporated more effectively in the planning practices. INCID & CWC have already issued guidelines in
this regard. The extent of their implementation and effectiveness has to be studied for improving the
technique.

Larger Use of Water Lifts

The planning process of surface irrigation projects was developed historically in environments
where power for sizable lifts was not available. Projects are planned to allow gravity ow for say 200
km for downstream use, but do not cater to even small (say 30 m) lifts from the reservoirs and head
reaches of canals. Apart from creating local ill-feeling, economically more attractive alternatives are
sometimes thus left out. Lifts from a reservoir can sometimes bring benets even to communities
which are affected by the project. '

Flow Capacity Redundancy

In lower lifts of the irrigation networks, the channels and outlets have a minimum capacity of
about 30 litres per second (l/s). This is so because of two factors :

(i) In normal (furrow) irrigation of lands with low slopes, a discharge less than 15 I/s is incapable
of irrigating the whole breadth of the field (or length of the furrow). Thus, if a dose of 6 cm of
irrigation is to be provided to a 1 ha plot every 10 days, this will require a ow of 30 l/s for about 6
hours. The irrigation cannot, however, be done by providing the same volume of water through a ow
of say, 3 I/s for 60 hours, since this ow would be lost through seepage in the furrows.

(ii) Also, the minimum practicable size of open eld channels as can be constructed would have a
capacity, at a reasonable velocity for carrying a discharge of this order (carrying of ows of smaller
order is, however, possible, if pipes are used).

In order to maintain a flow of the order of 30 lit./sec., in each element like an outlet serving 5
to 8 ha or eld channels serving say 2 ha, both rotation and time sharing are introduced and the lower
elements function only for shoit periods. Thus, in a typical irrigation project, the capacities of all outlets
at eld channels taken together could be say four times and eight times more than the main canal
capacity. Distributories and minors also may function for only half the time for which main canals
function, and may roughly have an aggregate capacity twice that of the main canal. This practice costs
money and additional land. There is need for rethinking on such practices. Larger use of pipes, keeping
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costs to be decided through the energy potential of the hydro power. The current procedures compute
the benets in terms of the revenue from hydropower supply.

Flood control projects often are projects for redistribution of economic benets. When certain
pockets have large ood related risks, investments in infrastructure development or industries would
shy away from these areas and go elsewhere where such risks do not exist. This leads to endemic
backwardness in areas subject to frequent ooding. The existing procedure is based upon the presenl
status of development as the starting point and uses the “before” and “after” approach, instead of the
more appropriate “with” or “without” approach. The present procedures also do not favour use oi

shadow prices, where, for obvious reasons, prevalent prices are distorted.

We recommend that the Planning Commission be requested to lay down an improved benel
cost analysis procedure, after considering all relevant aspects, namely technical, nancial, economic,
social and environmental.

10.3 Project Approval

Techno - economic appraisal of the project is necessary for obtaining investment clearance from
the Planning Commission. Project specic funding by the state is not obligatory as funds for the sector
are allocated as block grant. The process of project appraisal before the investment clearance involves:

o Detailed investigation and design by the state government and preparation of a detailed
project report (DPR) as per guidelines of the Central Water Commission;

o The detailed project report is examined by various agencies and departments of Central
Government and their observations and suggestions are incorporated by the state government
and a Modied Report is prepared;

~ The Advisory Committee for Irrigation, Flood Control and Multi-Purpose Projects (TAC), under
the chairmanship of Secretary, Ministry of Water Resources, considers the technical note on the
Modied Report for assessing and accepting the techno-economic viability of the project.

- Separate concurrence from the Ministry of Environment and Forests for clearance from
environment and forest angles, and from the Ministiy of Social Welfare for clearance from the
rehabilitation angle of tribal population are required.

The assessment of techno- economic viability by TAC, clearances from Ministry of Environment
and Forests & Department of Social Welfare, and investment clearance by Planning Commission are
handled sequentially. Even though representatives of all the concerned Ministries, Departments,
Planning Commission and State Governments are members of the TAC, because of the requirement of
mandatory clearance by the Ministry of Environment and Forests and Ministry of Social Welfare, their
participation in the committee tends to be formal. It is necessary that participation in TAC of all
concerned is effective so that further delay in giving the mandatory clearances are avoided.

As regards medium projects, we have made separate recommendations in Chapter — 8.
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giving material and machineries of the department for use by the contractor, but support the growth ofconstruction companies by paying reasonable prices and encouraging competition amongst nancially
‘and technically sound contractors. This requires a very careful screening of the contractors’ capabilities
on the basis of past turnover and past performance. Such large contracts are given sometimes in the
EPC mode where the contractor does the engineering, procurement and construction and requires littletechnical support from the owner. The quality control checks are done either by the owner or through
a separate contractor. Payments are based not so much on the running bills of the quantities but on apre-determined schedule linking project milestones with payments. Sometimes, contracts would be
based on the owner's design but with procurement and construction responsibilities of the contractor.
In any case the contractors have to provide considerable nance for construction as opposed to thepresent public works system, where he works with minimum capital and depends on payment of the
running bills. Such procedures would have to be increasingly adopted in India.

A large contract in water project would require the contractor to have skills in different types of
works. Specialized construction companies may have to cooperate amongst each other by forming
consortia or by signing agreements. These need to be encouraged in the contracting procedures.

When a large work like that of a complex hydro power scheme is contracted out, there is a very
large monetary stake in its early completion. Instead of the department specifying the time of
completion, this also could be left to the contractor. The contract document can specify the equalizing
formula in which the guaranteed saving in time can be converted in monetary terms for inter-
comparison. Such procedures are common in other countries, say, for construction of roads and
bridges . Such practices also need to be encouraged in India.

In short, the speedy completion of water projects is linked with the government changing its
procedure in such a way as to support the development of large and competitive contracting rms. The
public bodies have to cater to the larger objective of promoting the growth of a strong competitive
construction industry and have to curb and curtail the tendencies and practices of trying to reduce cost
on paper through unmanageable fragmentation of works and through unnecessary negotiations. In
general, changes are indicated regarding the following:

~ Contract documents and contracting procedures. '

- Prescribing much stiffer pre-qualication requirements and allowing only the nancially and
professionally capable contractors to bid (However, changes in this regard may have to be
phased, since a sudden change may reduce the competition).

'

- Much reduced day to day role of public works engineers in contract management.
- Ensuring comparatively larger packages and avoidance of the need for the department to co-

ordinate amongst numerous small contractors.

o Avoiding the supply of material and machinery by the department to the contractors.
o Larger use of Turn key contracts.

o Larger use of E.P.C. type contracts.

o A much faster and impartial dispute settlement mechanism.

o Much larger transparency.

Efforts in these directions are on. The Commission is aware of the work being done by the
Construction Industry Development Council and the recent guidelines of the Central Vigilance
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Total potential created, through 75 major and 143 medium projects completed during the
preplan period, was 9.7 Mha. The lack of required maintenance due to insufcient Non-Plan funds
would make it necessary to examine the status of these completed projects and priority be given to the
projects needing rehabilitation by way of providing adequate plan funds.

All funds allocated to a state project pass through the consolidated fund of the state. The
budgets allocated to the projects by the state are within the legislative competence of the state's
legislature and the preparation of the budget as well as its implementation is done by the executive
wing of the state government.

Since the ability of the states to raise funds through scal measures is limited and since central
government has larger ability to raise resources through taxation etc., the common pool of central
taxes is divided between the states and the centre. With regard to the non-plan expenditure, the
Finance Commissions lay down the procedures for sharing of revenues between the centre and the
states. Central Plan Assistance to the states is determined annually through well established
procedures, taking into consideration the population, the backwardness and special needs of the
states. The share of the plan funds allocable to a state from the centre together with the plan funds
available from state's own resources are then divided among sectors and further into projects. The
sectoral allocations are decided jointly by the Planning Commission and the states, depending on the
demands, the shelf of projects awaiting the funds, the perception of the problems in executing the
schemes etc. At present, earmarking of funds by the Planning Commission against a project (in a way
such that the state cannot re-appropriate these funds) has been narrowed down to a small proportion
of total funds and to a very few projects selected from all the important sectors. Thus, while the
Planning Commission has some say in the sectoral allocations of a state plan, it has little say in the
projectvvise allocation of the water sector funds amongst the shelf of such projects . We have dealt
with this question in chapter - 9 of this Report and suggested a change to project wise funding in the
case of major projects.

The state governments are perhaps under pressure to thinly spread the available resources for
a variety of reasons, some of which are:

o There are demands for either removing regional imbalances within the state (by providing
larger allocation to the regions not having much irrigation) or in maintaining an equity in

allocation amongst regions. Similarly, some projects beneting the tribal population require
higher fund allocation;

o When the government changes, there is a tendency to change the priorities of the earlier
regime;

o Perhaps the bureaucracy develops vested interests in projects and allocates inadequate funds
for works (over and above the establishment cost which is some how considered as

inescapable). Also, if any project is considered to be of comparatively low priority and is not
given equitable funds, the staff on the project would have hardly any work, while if the funds

are spread over all projects, all staff would be in a similar state of insufcient work. Since the
perceived importance and satisfaction of the project staff is some times linked with the budget

allocated to the project, there are internal pressures for such equality achieved through thin
spreading l ;
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funding. Externally aided projects would have passed through higher standards of scrutiny and
appraisal, and hence could be considered a priority as among the high ranking projects. Externally
aided projects also give additionality to the available resources of the state. Considering this, the total
available budget would have to be divided between two groups, namely externally aided projects and

other projects, and the prioritisation process (Stage III and IV) would have-to be undertaken

separately for each of these groups.

Stage III : (Prioritisation)

' Prioritise all approved projects whether continuing or new, at whatever stage of the completion

through a single system having specied components, with marking for attributes. The system would

consist of

o Deciding the desirable attributes of a project, which will allow a project to receive a high

priority.

- Decide the inter-se importance of each attribute and assign the maximum of allocable points to
each attribute to reflect the related importance.

o Analyse each project, attribute wise. Assign ‘marks’ to each project, from among the maximum

allowable marks. As far as practicable, make this system “Objective”

o Add the marks obtained by a given project over all the listed attributes to arrive at the total.

- Decide the inter-se priorities of the projects strictly in terms of the total marks obtained.

This system should help to determine the order of priority, but no project will get eliminated

because of its poor fullment of any given attribute. Also, no single attribute would have an overriding

importance beyond that reected in its inter-se importance.

Stage IV : (Deciding the Quantum of Funds)

The project on top of the priority list should receive full funding as required for its completion,

constrained only by the organisation's capacity to spend_the money efciently and effectively. Only

after meeting all requirements of a higher priority project, the requirement of the low priority project

would be considered. However, as a concession to practicability, it would be ensured that all approved

ongoing projects receive at least a small amount of the plan fund required for maintenance of the

assets created through the partially constructed projects. This would ensure that projects ‘deferred’ in

the priority programme due to their low priority and non-availability of resources are not ‘abandoned’.

10.7 Attributes in the Guidelines

The desirable attributes of projects for receiving priority could be i) Advance stage of

construction, ii) efficiency of remaining part of the project in creating residual benets at low residual

cost, iii) projects addressing regional imbalances like Irrigation Inequalities, iv) need for developing

benets for tribal inhabitants in the command, v) drought prone areas, vi) inter state aspects, vii)

projects with bulk water supply (BWS), viii) projects with no change in scope, ix) formulation and

management of Environment/Forest/R&R Action Plan, x) simultaneous planning and design of

secondary canal network, xi) Multipurpose projects, xii) submission of revised estimates, xiii)

Geological, xiv) Design and xv) Quality control Infrastructure at eld level. In addition to the above
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I 
V. Progress of Environment/Forest/R&R Action Plan

Environment Management Plan, Afforestation Action Plan, R & R Action Plan have to go paripassu with implementation of the project. In case the progress on these plans is unsatisfactory, it willdisrupt work and viable solutions will not be forthcoming. It would be desirable to give due weightageto differential progress. It is recommended that if the progress on these fronts is negligible, no markswill be awarded. For partial progress and satisfactory progress, corresponding higher points will begiven.

VI. Availability of Simultaneous Detailed Planning and Design of Secondary Canal System

A project's primary aim is to quickly achieve ultimate benets. Very often, the head works andeven the primary network gets completed, but no potential is created since the construction ofsecondary network of distributories, minors and subminors is not taken up. This work, which requiresdetailed sun/eys and micro planning exercises, seem to be of low priority to project authorities, sincecosts and hardware components are less signicant. This situation needs correction. Ground strategiesfor secondary canal network need to be tackled simultaneously. Simultaneous detailed planning/designof secondary canal system could result in achieving the desired results in time. It is, therefore,considered that requisite points be earmarked to the projects for which such detailed planning/designfor secondary canal system is available.

VII. Infrastructure for Geology

Geological surprises are, to some extent, to be expected. This could hamper the smoothprogress of work, if necessary support at site is not available. Therefore, points have to be awarded forhaving independent infrastructure for dealing with such surprises at eld level, through the availabilityof competent geologists.

VIII. Infrastructure for Quality Control

Quality control of a project is one of the important pre-requisites for construction. It is alwaysdesirable to have independent quality control unit under the project. It has been felt that project withannual irrigation of less than 50,000 ha., greater than 50,000 but less than 4,00,000 ha and greaterthan 4,00,000 ha should have facility of independent quality control sub—division, division and circlerespectively. The projects having independent quality control units could be considered for somepoints.

IX. Infrastructure for Design

One common defect in execution of projects is the lack of eld level design support. This eldlevel support is required both for site design of small structures, subsidiary works, design changesduring construction etc., as also for liaison between the construction staff and the design organisationof the state. It could be in the terms of small designs unit or design liaison unit, either of theconstruction agency, or of the design ofce, or of the design consultant at the site. It is, therefore,necessary to earmark some points for availability of Infrastructure for Design at the eld level.
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Projects with Provisions ofBulk (Drinking) Water Supply : Highest priority iS t0 be given, amongst varioususes, for drinking water supply. Thus incorporation of domestic water supply in irrigation or multi—purpose projects is a desirable goal. It is normal to provide upto 10 percent of the total utilisation ofthe project for Rural Water Supply. Projects planned for larger water supply component have to begiven higher priority, as under:

Provision of Rural Water Supply Marks to be Allottedto Total Utilisation Under the Project

Less than 10 percent
Nil

Equal to or More than 20 percent Full
Between 10 percent to 20 percent Pro-rata

Projects Serving Areas with Poor Quality of Ground Water : In many areas, ground water has seriousquality problem, such as occurrence of uorides or arsenic. Since alternatives are not available,rural population has to continue using this ground water. Bringing surface irrigation to this areaprovides a better alternative even if expensive provision for replacing water supply source is not made.A few marks can be allocated for reflecting higher priority of such projects.

Projects Beneting Tribal Population & Drought Prone Area : Irrigation projects particularly lZhOSEbeneting Tribal Inhabitants and those beneting Tribal Drought Prone Area (DPA) are importantfactors in achieving equity and giving special benets to deprived communities or areas . The tribalinhabitants within the command, who are deprived communities, when beneted by the project, maybe given due weightages points. Similarly, a project beneting drought prone areas is an importantfactor and due points be earmarked suitably for this attribute. If the project is beneting drought pronearea (DPA)/tribal population partially, the weightage of points would be decided on proportionate basiswith number of D.P.A districts/tribal population with respect to total number of districts/populationbenefited by the Project.

Projects Involving Tribunal Awards : Sometimes, water dispute tribunals, while allocating watersamongst the basin states, provide for a possible review of the allocation after a specied date. Thestates feel that if by the date specied for the review, they do not start utilising these allocated waters,or if they do not even create the engineering means for such a utilisation, their allocations may bejeopardised in a review. They may, therefore, wish to give priority to the completion of such projectsby reserving some marks.

On the basis of these considerations, the Commission is of the view that points given by theWorking Group to Residual benets, Residual cost and progress of Environment/Forest/R & R ActionPlan may be revised as follows:

Efciency of Residual benets/ Residual Unit Cost - 20 points
Low Residual cost ' - 10 points
Progress of Environment/Forest/R&R Action Plan - 10 points

The points for the other attributes will remain the same as in Table 10.3
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In this process, some projects may get very little fund, which may be too small even to meet

the normal requirement for maintenance of the partly created assets. The minimum funds required in a
ve year plan for maintenance of assets created, can be taken as say one-tenth of expenditure
incurred upto beginning of that ve year plan. If the prorata fund on the principle of “thin spreading”
as worked out for any deferred project is less than this maintenance requirement, it may be
increased, where practicable, to the maintenance requirement, and a corresponding adjustment made
in other deferred project.

Testing the Guidelines

The guidelines given above have been developed throughanessentially interactive and
deliberative process by the concerned Working Group. This processinvolved the following stages :

o The Working Group on Prioritisation deliberated on the general philosophy.
- The desirable attributes were listed and draft guidelines for Prioritisation and funding were

written down.

- Using these guidelines and using the data of two states, namely Madhya Pradesh and
Maharashtra, a trial exercise about prioritisation and funding was made. This was made in the
context of the funding of these states’ programmes for the IX Plano The choice of these two states was made both considering the ready availability of information,
and the divergence position as obtained. In general, Madhya Pradesh is a state where much
thin spreading has occurred and the spillover cost is much larger than available outlays. In
Maharashtra, the two are better balanced.

- The results of the initial trial exercises were studied by the Working Group, considering the
reasonability and the general acceptability of the results.

o The results were also shown informally to senior representatives of the water resources
departments of the two states. It was recognised that they need not be asked to present the
formal reaction of the state to the proposed prioritisation. Instead, they were asked to indicate
if, considering the attributes, approval in the priorities of funding as indicated by the exercise
viz a viz those reected in the states’ proposed funding pattern, they would suggest any changein the scheme of prioritisation. Such differences were rather marked in the case of Maharashtra.- After considering the views expressed by state ofcials, the Working Group decided to make a
few modication in the draft guidelines.The revised draft of the guidelines along with the
revised trials in respect of the two states was discussed by the Commission and someimportant changes were suggested. These changes were incorporated both in the guidelinesand in the trial exercises. The guidelines, so evolved, are already described above.
The results of the nal trial exercise as done for Maharashtra and Madhya Pradesh based on

the points system adopted by the Working Group are presented in Tables 10.4 and 10.5 respectively.
We recommend that the Planning Commission and the Ministry of_water resources shouldrequire each state to prioritise major projects on the basis of the above guidelines and the revisedsystem of points recommended by us.
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— Watercourse states are entitled to consultation and to participation in negotiations in good

faith where their use of an international watercourse is “affected to a signicant extent” by the

actions of a fellow riparian (Article 4).

- An international watercourse shall be utilised in “an equitable and reasonable manner” with a

view to attaining “optimal and sustainable utilisation thereof and benets therefrom”. This shall

be done “taking into account the interests of the watercourse States concerned" and

consistently with “adequate protection of the watercourse”. Equitable and reasonable

development and participation by watercourse states “includes both the right to utilise the

watercourse and the duty to cooperate in the protection and development thereof"(Article 5).

The emphasis on environmental protection and use of the term “sustainable utilisation” are

new.

CONVENTION ON THE LAW OF THE NON-NAVIGATIONAL USES

OF INTERNATIONAL WATERCOURSES

(Articles on Ecosystems and Pollution)

Protection and preservation of ecosystems (Article 20)

Watercourse States shall, individually and, where appropriate, jointly, protect and

preserve the ecosystems of international watercourses.

Prevention, reduction and control of pollution (Article 21)

1. For the purpose of this article, ‘pollution of an international watercourse’ means any

detrimental alteration in the composition or quality of the waters of an international

watercourse which results directly or indirectly from human conduct.

2. Watercourse States shall, individually and, where appropriate, jointly, prevent, reduce

and control the pollution of an international watercourse that may cause signicant

harm to other Watercourse States or to their environment, including harm to human

health or safety, to the use of the waters for any benecial purpose or to the living

resources of the watercourse. Watercourse States shall take steps to harmonize their

policies in this connection.

3. Watercourse States shall, at the request of any of them, consult with a view to

arriving at mutually agreeable measures and methods to prevent, reduce and control

pollution of an international watercourse, such as:

(a) Setting joint water quality objectives and criteria ;

(b) Establishing techniques and practices to address pollution from point and non-

point sources ;

(c) Establishing lists of substances the introduction of which into the waters of an

international watercourse is to be prohibited, limited, investigated or

monitored.
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India abstained from signing the Convention on account of certain reservations, which are

briey mentioned below:

- Article 3, which deals with Watercourse Agreements, provides that ‘an agreement may be

entered into with respect to an entire international watercourse or any part thereof or a

particular project, programme or use except in so far as the agreement adversely affects, to a

signicant extent, the use by one or more other watercourse States of the waters of the

watercourse, without their express consent’. Regarding this Article, India believes that a

Framework Convention should not be prescriptive but should leave states free to evolve and

implement mutually agreeable terms in relation to specic international watercourses. Thus

Article 3 fails adequately to reect the principle of freedom, autonomy and the right of states

to conclude international agreements without being fettered by the UN Framework Convention.

- Article 5 on Equitable and Reasonable Utilisation and Participation is not clear and

unambiguous especially as the term “sustainable utilisation" has been imposed on the principle

of optimal utilisation without dening what the former implies in the given context. Article 5 is,

therefore, vague and difcult to implement.

- Article 32 dealing with non-discrimination presupposes political and economic regional

integration of states, as say within the European Union. Otherwise, prescribing national

treatment for non-nationals claiming recompense for alleged trans-boundary injury will be

unimplementable.

- Finally, Article 33 pertaining to the settlement of disputes mandates an element of compulsion

in setting up fact-nding commissions. India believes that the parties should be left free to

choose any acceptable procedure for securing an amicable settlement through mutual consent.

Some of the language and concepts embodied in the Mahakali(India — Nepal) and Ganga ( India

- Bangladesh) Treaties bear resemblance to those found in the UN Convention. This is because these

ideas and expressions were, in fact, drawn from the ongoing deliberations on the Draft Convention by

the International Law Commission. One notable difference, however, lies in the use of the phrase “no

harm” in the Mahakali and Ganga Treaties. The UN Convention instead refers to “no signicant harm”.

The difference arose because the UN/ILC text was still under formulation when the two Treaties were

signed. Should the meaning of “no harm” become the subject of dispute, the expanded UN denition

would provide guidance.

Formula for Sharing the Lean Season Flows at Farakka
(Annexure — 1 of the Treaty)

Availability at Farakka Share of India Share of Bangladesh

70,000 cusecs or less 50% 50%

70,000-75,000 cusecs Balance of ow 35,000 cusecs

75,000 cusecs or more 40,000 cusecs Balance of ow

Subject to the condition that India and Bangladesh each shall receive guaranteed 35,000

cusecs of water in alternate three 10-day periods during the period March 1 to May 10.
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 }
Indicative Schedule for Sharing Ganga Waters at Farakka

(Annexure — II of the Treaty)

If actual availability corresponds to average flows of the period 1949 to 1988, the

implication of the formula in Annex-I for the share of each side is :

2 Period Average of total ow India's share Bangladesh's share

1949-88
(cusecs) (cusecs) (cusecs)

Jan
1-10 1,07,516 40,000 67,516

11-20 97,673 40,000 57,673

21-31 90,154 40,000 50,154

Feb
1-10 86,323 40,000 46,323

11-20 82,859 40,000 42,859

21-28 79,106 40,000 39,106

March
1-10 74,419 39,419 35,000

11-20 68,931 33,931 35,000 *

21-31 64,688 35,000* 29,688

April
10 63 180 28 180 35,000 *

1- I
I

11-20 62,633 35,000 * 27,633

21-30 60,992 25,992 35,000 *

May
1-10 67,351 35,000 * 32,351

11-20 73,590 38,590 35,000

21-31 81,854 40,000 41,854

( * Three ten day periods during which 35,000 cusecs shall be provided)

Both India and Bangladesh have Teesta Barrages on either side of the border and plan to

irrigate extensive commands whose full requirements cannot be met WlthO_tlt leangseason augmentation

'
' ' ' ' ‘thin the Brahmaputra system

or integrated use of the waters of rivers ad]Oll'lll'ig the Teesta Wl
.

Meanwhile, the discharge data of the Teesta must be reconciled before even ad hoc allocations of its

ows can be made. These issues are being addressed by the two Governments through the Indo-

Bangladesh Joint Rivers Commission.
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Obviously, careful techno-economic planning and environmental care will be necessary. But

optimisation, mutual benet and integrated development of the system will require bilateral and

regional cooperation.

Likewise, the problem of several other common rivers in the Cachar-Tripura sector can be

subsumed in the Tipaimukh benet area if the dam on the Barak and the associated irrigation barrage
at Fuleital is taken up. It is interesting to recall that the ‘paimukh project was conceptualised in 1972-

73 by the Indo-Bangladesh Joint Rivers Commission (JRC) in response to Bangladesh's quest for a

solution to oods in the Sylhet-Dhaka plains.

Bangladesh has reason to be interested in what could be a mutually benecial project with
multiple irrigation, ood moderation, navigation and energy dividends. It has apprehensions of possible

drainage and flood problems in the Sylhet bowl from enhanced dry season ows passing through the

turbines. These fears need to be assuaged and techno-economic costs and benets assessed. Such a

study was agreed upon in the JRC and should be vigorously pursued. But, before this project is taken

up for implementation, certain inter-state problems within India will have to be resolved. it

Other Indo-Bangladesh issues pertain to water quality, shifting course of boundary rivers,

impact of anti erosion measures, exchange of hydrological and ood discharge data in real time and

the tying up of ood embankments on common rivers.

NEPAL: Hydro-power could be for Nepal what oil is to the Gulf. However, its currently assessed

techno-economic potential of 42,000 MW needs a market which primarily lies in India. This

complementarity apart, India would benet by storages in Nepal to moderate oods and expand

irrigation in the Uttar Pradesh and Bihar plains. C

Earlier diversion schemes on the Sarada (Mahakali), Kosi and Gandak notwithstanding, Indo-

Nepal water resource development for regional benet has made limited progress on account of a

variety of misperceptions and misgivings on bothsides. The landmark Mahakali Treaty of 1996

hopefully heralds a new beginning. It is a good example of bilateral cooperation in joint water

resource development. Both Parties agree “that they have equal entitlement in the utilisation of the

waters of the Mahakali River without prejudice to their respective existing consumptive uses ....

Entitlement is not the same as ownership of naturally flowing water. Likewise, protection of existing

uses or prior appropriation cannot result in expropriation of the reasonable and equitable rights of late

starters.
/,
' The Mahakali Treaty stipulates that the cost of the project shall be borne by the parties “in

proportion to the benets accruing to them”. The power, irrigation, ood control and other benets

accruing to the parties “shall be assessed”. The letters exchanged with the Treaty provide that “net
power benet shall be assessed on the basis of, inter alia, savings in costs to the beneciaries as

compared with the relevant alternatives available” ; irrigation benets “on the basis of incremental and

additional benets due to augmentation of river flow” ; and ood control “on the basis of the value of

works saved and damages avoided”. But this “precludes the claim in any form by either Party on the

unutilised portion of the shares of the waters of the Mahakali River of that Party....”.

A dispute resolution mechanism provides for binding arbitration by a three-member tribunal the

Chairman of which may, in the absence of mutual agreement between the parties, be appointed by the

Secretary General of the Permanent Court of Arbitration at the Hague.
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series of power stations below that, crowned by two alternative Tjbet-to-Assam power tunnel projects
with an installed capacity of 48,000 to 54,000 MW at one or other of these two sites alone.

It is signicant that such ideas are extant.

MYANMAR: A number of small streams rising in eastern Manipur drain into the Kubaw Valley and, like
the larger Imphal/Manipur river, flow into Myanmar to drain into the Chindwin which falls into the
Irrawaddy. India has some small irrigation uses on the Manipur river within Manipur and has developed
the Loktak Hydro Project (105 MW) and is proposing to utilise its tail race waters in the Lower Loktak
hydro scheme. There appears to be little likelihood of any conflict of interest with Myanmar here.

There is also scope for Indo-Myanmarese cooperation in jointly developing the hydro potential
of the Chindwin to mutual benet.

The Chhimtuipui River (othen/vise known as the Kaladan or Kolodyne) rises in Myanmar, then
marks the Indo-Myanmar border for quite some distance before entering southern Mizoram and then
nally re-entering Myanmar to empty into the sea near Sitvve (Akyab). The river is navigable in
Myanmar from Paletwa, some 100 kms from the tip of Mizoram, to the sea. A lower Chhimtuipui hydro
project is under investigation in Mizoram, and the state administration would be interested if drafts
could be enhanced by this project or otherwise to give it and even adjacent areas in Northeast India a
direct outlet to the sea in the future.

-

PAKISTAN: The Partition of India divided the Indus basin system as well as the intricate network of
canals within it. A major dispute on sharing of waters arose thereafter. Mediatory efforts by the World A

Bank resulted in the signing of Indus Waters Treaty, 1960. Allowing for a transitional period of a
decade within which certain replacement works were to be completed, the Treaty apportioned the
entire waters of the three Eastern Rivers, the Sutlej, Beas and Ravi to India, except for some very
limited domestic, non-consumptive and irrigation use by Pakistan for 45,500 acres of annual cultivation.
The waters of the three Western Rivers, namely the Indus, Chenab and Jhelum, were in turn allocated
to Pakistan, less certain uses by India.

The Treaty has worked satisfactorily, despite strained Indo-Pakistan relations and two wars,
and the mechanism of the two Indus Commissioners has functioned fairly smoothly.

There is no quantitative limit on Indian uses from the Western rivers for domestic and industrial
purposes in J&K. The relevant provision entitles the Government of India and the State Government to
formulate appropriate schemes of rural and urban water supply in J&K. Non-consumptive uses are
permitted in J&K for purposes of timber floating, navigation, ood protection, sheries and wild life,
and similar benecial uses provided that the water is returned to these rivers exclusive of seepage or
evaporation incidental to the drawal or use. However, the procedures involved have proved to be
cumbersome and, sometimes, unproductive.

As of April 1, 1960, India was irrigating 42,179 acres from the Indus, 5,17,909 acres from the
Jhelum and 82,389 acres from the Chenab. These uses were permitted to continue apart from some
restricted withdrawals from the Chenab Main through the Ranbir and Pratap canals for agriculture use.
Additionally, India was permitted to develop further irrigation and make withdrawals from the Western
Rivers to the extent considered necessary by it but within limits so as to satisfy the requirements of the
irrigated cropped area prescribed in Annexure C of the Treaty. Taken as a whole, the Treaty allows
India to irrigate 1.34 millions acres from the three Western Rivers as against which only some 0.81
million acres or about 60 percent of the permissible limit has been brought under irrigation to date.

292 l



4

E62

'0/vb0./dp/nba|qe1!nse40sgseqaq1uopugsugsLua1s/Ks.1aq1o

JOU!E'J(]||e;1nQ>1uegyaqs1;o11a|1noue10;’ue1sg>|edq1g/v\6u11eg1o6auuganp|no/v\‘sdeq1ad‘suog1n|0s

aq140auQ'Apn1spa|ge1apsamba;’a10;a1aq1'pU2LULUOI)(W91aq1LLIOJJJ91EMaug|es40|esodsgp

/uo:pe;s!1esaqi'/u1uno:>s!q1sa/\ea|11se_[a|1n5olugsuge.1p5u!pea|sapnpa4c|s1q_L's1gu1g|a|qe1daa3e

puo/Kaque1s1>|edolugs/v\0|;LLll2E3JJ,S40uop,n||0dlgquad0110uA1eaJJ_snpu1aq;1;0(QI)/\1ap!1,|vAq

paugo_[uasgegpu1"pugssp1e/v\o11sa/v\q1n0s01JSEBLHJOUsado|sueqJ,se_[e3ugpuewwoadN91aqi

‘85J8AUO3su1eJp/Ue1p!sqns;0>|1o/v\1auea1aq/v\qeqsqe/v\e|\|

LLIOJJeasaqn,01uge1q||e;1nQ>|ueg1;a"|6uo|LU>|-QQEe;ouop,an11suo:>aq1ua>|e1,1apunseque1sg>|ed‘sgqq

au10:>4a/\o01pueSU!QLU9.l’Ja/\a1v\0q'LUE9|C|OJdAJ,gu1|es9L{_]_'asna/\g1aun_[uoaq6n0Jq185EU!Q.lp|e3!1.|a/\

apg/\o1d03,Sp!J5||a/v\aqnJ,pad0|a/\apa/\eqsauqunoaq1og'sLua|qo1dJQ|!LU1Ssane;ue1s!>|ed'5U!55O|J8J,QM

pueA1§ug|es;oSUJ9|C|OJd01aspua/\!6seqqagq/v\ueq1se_[e3pueeueA.|ei_|’qe_[undugspuewwoa
(dN5)1)13B_[OJdJEL{QNgqpuegE’J!pUIpueuod-engeqgaqn,ugLUB|qOJda6euge1peos|e51a1aqi

's11uuaduog1en1gsuaq/v\puese'.191E|p9JBp!SU03aqAewyoga
ueqanguauuewpasgwpdoueug/v\o|;|QI'1plS8Jsgq1;ou0p,es!|!1n|e3!u.|ouo3apuempgm;Jo;p6J!I'1bBJaq

||g1sAeLu/ulunooJ,eq1q1g/v\u0!1e1ad003|en1nW'ue1s!>|ed6ug1a1uaA||eu|_4aJo;aq/Uepunoq|EUO!12UJ91U!

aqn,sson-ssg.1:>suop,e1sLU!Jaqn,/v\o|aqsmog9L.|_]_'pauue|da1es.|aq10awospuepalnoaxauaaq
a/\eqs13a[01dugeuaaqagq/v\uosla/\!\du1a1se3aaJq1aq140s1a1e/v\aq1pa1e:>o||euaaqseqegpuy

'a1e;1do1dde1a/\auaq/v\uelspqed

01qaemdde|eLuJo;Aue8[J939Jdp|noqssagpmspa|ge1ap1nqsaplunooq1oq40J,S8.l91U1|en1nwaq1ugaq

p|no/v\sgqi'asod1ndsgql.10;A1eaJ_|_s1a1eMsnpu1aqlugapewaq01a/\eqAewsuogleaggpowA.|essaJaN

'|eg1ua1odpasgmnun5U[U!2LU€9Jaq1ugssaweq01ua/\g6aqueaLlO!1QJ9p1SU03's1q1auop6u1/\e|_4

'J,S9!|JE29aql1e89.12paddonp81E5[JJ[paqgnsaldaqq6ug/\agq:>e10;pue1uau.|do|a/\ap:>g.113a|a-o.|pAq

J0;a6e1o1s/a6epuoda|q!ssgLu1adaqa,asg|!1nAnn;p|noqse;pu11eq1s1sa66nsUO!1E|l'l1!dED9.lsgqi

'ue1s1>1edpuee;pu1ugLUE9J1SUMOpS13S_[OJd31.|13a|a-o1pAqaq1||e

;0J,nd1n0JBMOClaq1a/\o1duJgp|no/v\1I)9_[0Jdaq1’A||e1_uappu1'u0seas.|a1ug/v\aq1Eiupnpspoo|;aq1Jaye
.lBA!Jaqqug1;e.|pa|qe61/\euaqa,a/\o1du1g01pap;/\04duaaqseqa>|e|.|e|nMaq1;oa6e1on,s|em1euaq1

91Q|58J01B.l1I)l'1J1Sgo11uo:>e/quosepa/qo/\ugsqquawpunodwgou’egpu101Bugpuoaav"A1ea4J_S1812/\/\

snpu1aqn,JGPUHpan1|.u.1ad10upue>110/v\a6e.1o1sesg1!1eq1slsgsugue1s!>|ed'dnp|aquaaqaaugs

sequoqamlsuoa1nq$951ugdnua>1e1se/v\>p3[ug\.un|aq[aq1u01aa_[o.|duogleg/\eN|nq|nJ_aq_L

'snpu1aq1uoMW17A|uopueqeuaqj)puewn|aq[aq1uo1g;o1sou1’passau.|eq
uaaqseqMW()gg'11noqeA|uo/v\ou40se1nguope;peo|1uaa1ad()91eMW538%;;o|e11ua1od

o4pAqpassasseuea/\eqs1a/\g4asaq1_'sJa/qgu1a1saMaa1q1aqn,40Aueuosa6e.|o1suoqe/uasuoa
pannnsuoa1ouJe;snq1seqegpu1'sas0dJnd1aq1opueu0g1eJaua5.lSMOC|3q1:>a|ao1pAq.10;

pasnaqos|e/ewqagq/v\af5e101s|e1aua610;:|vW52':pue'6uguogqsn:>poogJo;;|vW54-9’.|a/v\od.10;

:|vWQ9'Io1u!as!/v\-asodmdu/v\opU8>|0JC]Jaqun;sgegpu1AqS.l9A[}jUJ81S9/\/\aa1q1aq1uo:|\-/W()9'g;0
959.10159|C|[SS§LUJ9d|e101sgqi'(ugeWqeuaqjaq16ugpn|axa)QEUSLDaq1u0;|vWQI‘Ipue’ugeWqeuaqg

QLI1U0=IVI/\109'O'(U!P|/\lWFHBLIEBLI15U!P"l3X9)WHIBLIEBLI1U0AV!/\lOS'I"5nPUIBbllU0AVWOVO
401ua1xaaq101SJ3A!}ju1a1saM99JL|1aq1uosa6e1o1sp|gnq03,egpu1sa|qeuaA1ea1_Lsnpu1aq_L

'pa11o|dxaaq01spaauAlgunyoddosgql'uog1anp01d

|eJn1|na115eBS!LU!1dO01UJBJJEC1Bugddonaq16u16ueq3uoJE’C|Aue9JBL|1sg10W'ue1s1>qedpue
egpul40S.l3UO!SS!LL|LUOjsnpu1aq1uaa/vqaquodnpaaJ5eaqAewseJGUUQLUqansugsugseq35QU!l2Jp

Ja/qgu1a1saMaa1q1aq1Buowepa1nqg11sgpa4aqAewaeanea|qe5g4418|q!SS!LU.l8daq1Uaqtunzg

i

,.,.;~,.q,.-=v-_. ’..Mw__

h



y‘f ,4‘

\

11.3 Inland Navigation

The Ganga-Brahmaputra-Meghna river system once constituted a bustling artery of commerce.
The Partition of 1947 divided the waterway across new international boundaries as a result of which
Inland Water Transport (IV\/T) declined and trafc moved to the railways and the road. The energy-
efficient, environmentally-friendly and land-saving attributes of IV\/T have reawakened interest in inland
navigation at a time, when South Asian cooperation has also taken a positive turn.

The Inland Waterways Authority of India (IWAI) is developing National Waterway No. 1 on the
Ganga from Haldia to Allahabad through the Farakka lock, and National Waterway No.2 along the
Brahmaputra from Dhubri to Sadiya. Further inter-connection would lie through the Sunderbans and
Bangladesh, unless the Jangipur lock at the outfall of the Bhagirathi on the Ganga is also rendered
operational as would be desirable. This will not be possible without a new IWT protocol with
Bangladesh, specifying this route. "

An Indo-Bangladesh Inland Water Protocol exists and has been recently extended. The Protocol
licences transit along two routes up the Brahmaputra from Haldia to Dhubri and up the Meghna-Barak
from Haldia to Karimganj towards which India pays Bangladesh Rs. 1.8 crores annually for channel
maintenance. Navigable channels should have a minimum depth of two metres and a width of 45
metres.

India would nd it useful to negotiate additional transit routes through Bangladesh including
some inter-modal routes. Other new routes could be a link from Demagiri in Mizoram to Chittagong
down the Karnafuli river which used to be a traditional outlet. A lock or cargo—transfer arrangement will
need to be made around the Kaptai dam in the Chittagong Hill Tracts and the Karnafuli developed into
a navigable fairway. This would be greatly benecial. Another route could be created by developing the
Feni river from southern Tripura to the sea for inland navigation. A third proposal under discussion
with Government of Myanmar is for developing navigation through the Kaladan/Chhimtuipui river to
connect southern Mizoram to the sea at Sitvve (Akyab). In all of these, political and investment cost-
benet considerations will prevail.

Nepal has long been interested in an outlet to the sea and has presently pinned its hopes on a

Sapta Kosi-Ganga canal which is to be investigated. Rail India Technical and Economic Services
(RITES) reportedly did a feasibility study for Nepal a couple of years ago on possible inland navigation
on the Gandak. Under the Indo-Nepal Agreement on the Gandak (1959), a small navigation lock was

constructed upstream of the barrage. It has, however, not been in operation due to siltation and
inadequacy of lean ows. Unless storages are built upstream in Nepal to augment the lean season

flow, no navigation in the Gandak will be feasible. Therefore, of all the available options, the Kosi

navigation link appears the most viable, if at all. In September, 1996, both Governments agreed to
carw out a joint study on navigational possibilities in the Ghagra, Gandak and Kosi rivers. This study
should be instituted at the earliest.

11.4 Flood Management

Flood moderation and forecasting is a matter of common concern and the need for improving
hydrological and silt data and transmission in real time has been discussed in preceding sections.
Likewise, flood embankments need to be tied together across national boundaries. There has to be

agreement on construction of anti-erosion and ood protection works along common or successive
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The issues relate to impacts both above and below the dam and in the command areas,estuaries and deltas; forest and possible bio-diversity loss; displacement and disruption of socialnetworks; impacts on wild life and sheries; health impacts; cultural loss; and dam safety linked toseismicity and debris or glacial lake outbursts. Minimum flows are necessary for in-stream uses likesheries and navigation and to maintain the ecological health of the river, including prevention ofsalinity intrusion, and sustenance of mangroves and of the coastal environment generally. Severalmitigative packages have been developed. All these factors and impacts need to be studied with careand compassion. Not all of them have trans-boundary impacts. Some do. Transparency is important inall these studies.

Water quality is becoming increasingly important with greater abstraction leading to suchproblems as arsenic contamination and salinity ingress. Again, not all these problems emanate fromcross-boundary interventions. Pollution is becoming a very sensitive issue with industrialisation and theincreasing use of fertilisers and pesticides. Cross-border water monitoring and establishment ofcommon regional standards as in many other matters, would be very useful.

The threat of global warming and climate change has engendered new concerns. Some earliercritics are beginning to look on hydro power with a kindlier eye as clean renewable hydro-electricenergy can substitute dirty coal and other fossil fuels, quite apart from saving forest cover which mightotherwise be felled for fuelwood. The Kyoto Conference on Global Climate Change in December,1997elaborated new ideas concerning emissions trading and joint implementation mechanisms. These werefurther discussed at the Buenos Aires round in December,1998 with the United States insisting onimposing emission cuts on developing countries as well, particularly India and China, both large andgrowing coal users.

The point to study and concert action in South Asia is the extent to which emissions trading canbe used to generate funds for clean Himalayan hydro power and in negotiating the ne print so thatthe terms are right.

11.7 Private Investment

Water resource development in all sectors is being increasingly thrown open to privateinvestment through build-own-operate-and-transfer systems in a variety of combinations. The Indo-Nepal Power Trade Agreement, 1996 opens the door for private investment in power development inNepal and the sale of energy in India or Bangladesh or elsewhere, whether to governments, Central orState, electricity boards, or corporate consumers. Foreign and Indian investors have shown interest inengaging in hydro development in this country and in Nepal. This would raise several issues and callsfor the evolution of a clear policy framework.

The problem has already surfaced in the West Seti project in Nepal (750 MW), for which aforeign company has signed an agreement and is negotiating power sales in India. The NepaleseGovernment is meanwhile concerned that the augmented stream ows in consequence, which reachIndia through the Karnali, should not be a gift but should bear a price tag if they nd benecial use.Another foreign company, which is talking to Nepal on the Karnali Project, has also been confrontedwith the question of downstream benets and guarantees on the amortisation as the power and watermarkets both lie in India.

The effects of regulation of major dams to be built through private investment in Nepal andBhutan and their safety would need to be examined at an early stage of negotiations in order toprevent adverse effects, if any, in India.
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I The logic of individual project cooperation may network over time into larger integrated basin or

trilateral structures. There is also utility in strengthening certain existing mechanisms such as the JRC.
by giving it a permanent secretariat and some funds. There would certainly appear to be a strong case
for designating certain bodies like, say, the National Water Development Agency (NWDA) in India, the
Water Resources Planning Organisation (WARPO) in Bangladesh, and the Standing Committee of the
National Water Council or the Energy Development Authority in Nepal to interact and build up a data
bank and clearing house of information. All these agencies are engaged in broadly similar national
tasks of long term water resource planning and development and prioritisation. The time has come to
exchange national basin plans for long term water resource planning and development through a
regional forum. This could facilitate regional optimisation reecting the highest common denominator
of these national plans .

Capacity building for regional water resource development is also necessary. Data gaps need to
be plugged; manpower development is essential; and equipment development will entail savings in
import costs.These are important. The emphasis should be on maximising local manpower, material
and equipment, then going to the regional level and only thereafter, going international in order to
save heavy foreign exchange outgoes and to build national and regional self-reliance. We believe that
this should be the strategy of development. It will not happen by itself and calls for studied, 1

collaborative thinking and action.

In the matter of capacity building, the role of universities, research insitutions and NGOs has to
be adequately recognised and promoted. Quite often, international water resource issues tend to be
politicised and get warped in the process . It is essential that the scientic as well as the techno-socio-
economic aspects of these issues are not allowed to be obscured by parochial considerations. Towards
this end, Track-II efforts should be mounted and sustained by nurturing and strengthening suitable
institutions which can also play a role in the creation of public awareness about international water
resource issues.

11.10 Planning Needs

The time frame within which projects on the international rivers will materialise is uncertain
and will in any event take up to two to three decades. Our planning should, therefore, proceed on the
basis of varied scenarios.

It would be useful to study appropriate management structures for joint venture projects in
Nepal and Bhutan. Further, it would be desirable for India to post a WRD/Energy Attache to our
Embassies in Kathmandu — with a watching brief extending to Bhutan — and Dhaka. Bihar already has a
Kosi Liaison Ofcer in Kathmandu.

There is need to harness Himalayan dam and barrage design and construction skills and
consultancy expertise for use in Bangladesh and Nepal/Bhutan through joint ventures or in contracts
through international bids. Agencies like the Bhakra-Beas Management Board (BBMB), Tehri Hydro-
Development Corporation (THDC) and Power Grid Corporation, should be encouraged to explore such a
continuing role. Bharat Heavy Electricals Ltd. (BHEL) and other equipment manufacturers should enter
bids for contracts in Nepal and Bangladesh and organise training programmes for operatives from
these countries.

The Government of India should consider setting up, say, a Rs. 1,000 crore revolving fund to
extend suppliers credit for Indian equipment and material to support water resource development in
Nepal/Bhutan and elsewhere.
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, In India, interest in environmental issues began at the national level early in 1970s.‘ Observers
and scholars were drawing attention to the denudation of forests in the Himalayan and other
mountains and to the adverse effects of soil erosion in different parts of the country. To arrest the
rapid fall in forest cover that was taking place, action was necessary at the national level, but ‘forest’
was a state subject under the Constitution of India and there was no mention of ‘environment’ in it.
Starting with the shifting of ‘forests’ to the concurrent list and the inclusion of provisions in the
Constitution of India regarding ‘environment’ in the Directive Principles of state policy and Fundamental
Duties, in 1976, a series of laws were enacted and policies and programmes were initiated during the
next ten years.

Article 48 A of the Constitution dealing with the Directive Principles of state policy lays down
that The State shall endeavour to protect and improve environment and to safeguard the forests and

2 wildlife of the country”.

Article 51 A(g) of the Constitution dealing with Fundamental Duties states that “it shall be the
duty of every citizen of India to protect and improve the natural environment, including forests, lakes,

rivers and wildlife and to have compassion for living creatures”.

The Eleventh Schedule of the Constitution lists soil conservation, water management,
watershed development, social and farm forestry, drinking water, fuel and fodder, non-conventional
energy sources and maintenance of community assets in which specic functions should be devolved
by state governments to panchayats. All these are varied aspects of environmental protection.

The Twelfth Schedule of the Constitution lists wildlife, protection of environment and protection
of ecological aspects in relation to water, sanitation and solid waste management, parks and gardens

as subject areas in which specic functions should be devolved by state governments to urban local

bodies.

As regards laws, starting with the Forest (Conservation) Act in 1981, a series of laws have been

enacted of which the Environment (Protection) Act, 1986 and those on water and air pollution are

more important. The Environment (Protection) Act denes ‘environment’ as “ one, which includes

water, air and land, the inter-relationships which exist among and between water, air and land and

human beings, other living creatures, plants and micro-organisms”. Water pollution has been dened

as “any man-made alteration of chemical, physical or biological quality of water, which results in

unacceptable depreciation of the quality or environmental value of water” .

Supported by such legislation, over the years, new environmental policies, regulations and

guidelines have been brought into effect along with institutions. ‘

Public Interest Litigation is one of the important means through which concerned persons and

organisations as well as activists have raised environmental aspects of development projects before the

High Courts and Supreme Court of India. Through their judgements in a number of cases, the

Supreme Court has given several directions for ensuring environmental protection while sanctioning

and implementing development projects.
l

Because of the signicant environmental impact of water projects, many of these directions

apply to them. Taken along with the regulations and guidelines, they in turn, have profound effect on

the model, character, details and speed of implementation of water projects.,They relate mainly to the

' following : \
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- Integrated development of water resources through a holistic approach.

o Protection of water resources, water quality and aquatic water systems.

- ‘Pollution of surface and ground water to be controlled under existing laws on

environment.

- ' Minimum flow of water in major rivers.

o Environmental impact to be studied and assessed before a project is taken up and

remedial measures proposed.

o Implementation of remedial measures parr/passu with implementation.

~ Resettlement and Rehabilitation of displaced people to be an integral part of the project.

o The “Polluter Pays" principle to be applied in all cases of water resources development.

12.2 - Environmental Impacts of Water Projects '

As stated earlier, water projects have both benecial and detrimental effects. The more
important benecial effects are:

Domestic and Industrial Water Supply .- One of the important roles played by water resources projects is

to provide domestic and industrial requirements with a higher degree of reliability. Many of the cities,

towns and villages are dependent upon supplies from various water resources projects. The drinking
water requirements of Delhi were being met from Yamuna till 1950. At present the demand for extra
water is met from the storages of Bhakra and Ramganga. Further requirements from the year 2001

onwards could be met only by proposed storages at Tehri, Kishau and Renuka dams. The municipal
and industrial water needs of Mumbai city are being met from dams at Bhatsa,Vaitrana etc. The Telugu
Ganga Project is envisaged to supply 15 TMC of Krishna water to Madras for its drinking needs.

Hyderabad city has plans to draw 5.5 TMC of Krishna waters. The supply of safe drinking water helps

to reduce the incidence of water borne and vector diseases and efciently conveyed water also

improves water quality in areas where the geology affects the quality of water. This adds considerably
to health standards.

Irrigation .- The country needs 320 million tonnes of foodgrains in the year 2025 and 494 million tonnes
by the year 2050. To achieve a production of this magnitude, irrigated agriculture is a necessity.
Storage projects like Bhakra, Nagaijunasagar, Mettur, Hirakud and run of the river schemes with
barrages on Ganga, Krishna, Godavari, Mahanadi, Cauvery, Sone etc have contributed signicantly to
increase food production and improve the standards of living of farmers. Irrigation also provides the
means to increase bio-mass, provide more employment and improving quality of life.

Power Generation: Some water projects help in generating hydro-power which is renewable and does

not use polluting fossil fuels. The installed capacity of hydropower has gone up from pre plan

generation of 508 MW to 12,890 MW and is likely to rise further. Bhakra, Koyna, Idukki, Srisailam,
Damodar Valley Corporation, Sherawati have contributed signicantly to the power generation in the
country

Flood Control: Reservoirs have played an improtant role in managing oods. The rivers like Damodar
and Kosi, known as rivers of sorrow of Bengal and Bihar respectively, have been tamed by construction
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of various water resources development structures. The construction of Ukai dam on river Tapi proved

to be a boon to the people of Surat city.

Water Resources Projects and Climate 1 Water resources projects create large water bodies which modify

micro climate both upstream and downstream. Investigations have shown that irrigation increases the

moisture content in the surrounding air leading to increase in the humidity of the atmosphere. Water

resource projects increase water availability and influence the environmental conditions.

Water and Recreation .- Reservoirs are tourist attractions and places of recreation. Brindavan Garden at

Krishnarajasagar dam (Karnataka) is a classic example. Many reservoir centres such as Mata Tila

U P Ja akwadi Maharashtra Na ar'unasagar (Andhra Pradesh),Periyar(Kerala), Kabini (Karnataka)
( - -). v ' ( ), 9 J

etc. have been developed as tourist resorts, some of them as game sanctuaries and parks.

Watershed projects: Integrated watershed projects help in water and soil conservation and thus enable

restoration of degraded areas.

The negative or detrimental effects of water projects are project specic and vary from case to

case but following is a general list. A combination of some of these occur in every project:

~ Project construction in remote and often pristine areas involves cutting and blasting,

establishment of colonies and induction of large number of people from outside. This results in

increased deforestation, creation of gullies and steep slopes leading to erosion and land slides

and, also deforestation, that disturb the lives of local inhabitants, though some of them are

benetted though employment and trade.

o The creation of a large reservoir (and the construction of a system of canals) means the

submergence of land (agricultural or forest land, and also human settlements), displacement of

people and their livestock, the loss of occupation, and other hardships.

o The ‘stilling’ of owingrrwater does bring about changes in the ecosystem e.g. temperature

stratication, variation in nutrient content and dissolved oxygen at different levels etc. This

may have an adverse effect on aquatic and riparian life which originally existed in the project

area. Life forms new to the area may invade to the disadvantage of original life forms.

0 Some reservoirs pose danger for wildlife through possibilities of drowning or marooning;

habitats and routes of movement are disrupted; groups and interdependent species could be

split and foodchains broken; some species could disappear, and this in turn could affect other

species (communication links between human settlements could also be disrupted by the

reservoir).

- Flora could also be affected through the construction processes, submergence and other

factors. Some species (endemic and/or rare) could be endangered, and herbs and medicinal

lants of local or wider importance may be lost Taking the loss of forests an_d the impacts on
p

.

flora and fauna together, there could be loss of bio-diversity.

- Presently the state of technical knowledge is such that dams can be built which can withstand

any possible seismic activity in the area. However, an important issue on which there is
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difference of opinion is that of ‘reservoir-induced seismicity’ (RIS), for which adequate
safeguards and planning are required under dam safety programme.

- The damming of a river affects the whole river regime. Flows as well as the silt load and
nutrient content downstream of the dam would be substantially reduced, and this would have
an impact on lives, occupations and livelihoods downstream (sheries, the plying of boats,
agriculture, settlements alongside the river, industries etc.). Estuarine conditions may also be
adversely affected (erosion of biodiversity, the incursion of salinity from the sea etc.). The
reduction of ows also means a deterioration of water quality and an increased concentration of
pollutants in the river downstream of the dam. A further consequence of reduced flow is a
decline in groundwater recharge.

o In some areas, due to construction of dams, structures of religious, historical or cultural
importance may be in danger of submergence, and have to be shifted to safe places at great
cost, though they could never be the same as before.

All important dams are now being designed for probable maximum ood, and the probability of
its being exceeded is remote. However, in older dams not adequately designed for peak flow,
there may be overtopping and possible failure.

The construction of canals, unless great care is taken, could disrupt natural drainage leading to
drainage congestion. In the command area, the practice of canal irrigation for some years
results in the emergence of waterlogging and salinisation, unless appropriate remedial
measures are taken.

It is clear from the above list that while there are major benets from water projects,there are
also many costs in the form of impact on environment. The latter have to be minimised to the
'naximum extent possible, through adoption of alternatives and remedial and compensatory measures.

12.3 Environmental Impact Assessment

In order to assess the likely changes in the environmental conditions due to taking up of the
orojects, it is necessary to carry out environmental impact study. In each case an Environment impact
assessment is an important tool to study the effects of a project on the environment. The Ministry of
Environment & Forests through their Environmental Impact Assessment (EIA) Notication of 27.1.94
jas amended on 4.5.94) has, made the submission of ‘Environmental Impact Assessment’ (EIA)
Statement and ‘Environmental Management Plan’ (EMP) mandatory, without which no project would
::e cleared for investment.

EIA is a formal process to predict the environmental consequences of a development activity
' and to plan appropriate measures to eliminate or remove adverse effects and to augment positive

effects. EIA has three main features :

- To predict problems
- To nd ways to avoid them and
- To enhance positive effects.

There is general agreement that proper EIA studies must be made in all cases; that this should
I :-e a part of project formulation ab /n/‘t/'0 and not an exercise to be undertaken to meet an external
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requirement after the project has been prepared; and that the EIA study should be an important

element in the process of project appraisal. EIA is now a standard requirement, and both the Central

Water Commission and the Ministry of Environment and Forests have laid down detailed guidelines on

scope, coverage and methodology. A clearance by an Environmental Appraisal Committee under the

Ministry of Environment and Forests is a pre-requisite for nal investment approval to all big projects.

Once a full EIA is available,
displacement aspects as ‘costs’ (in addition to the direct nancial costs) and the balancing of these

costs against the ‘benets’ which the project will bring (increased agricultural production resulting

from irrigation, increased industrial
effects etc.) in a cost-benet analysis.

Planning of a project has to include the formulation of detailed measures to remedy or mitigate

or compensate for the adverse effects of the project. A catchment-treatment programme for arresting

the deterioration of the catchment areas and restoring ecological balance and the resettlement and

rehabilitation of displaced people need to be planned, exploring all alternatives.

12.4 Resettlement and Rehabilitation (R&R)

One of the most sensitive, complex and human questions that arises in large water projects is

that of rehabilitation of persons displaced by submergence.

The National Water Policy (1987) recommended the following approach for R&R:

i) There should be an integrated approach to the planning, formulation, clearance and

implementation of project and rehabilitation of affected people,

ii) Project should pay special attention to the needs of scheduled castes and scheduled tribes,

iii) Environmental impact assessment of each project should be made to reduce adverse impact on

settlements, occupations and other aspects; and

iv) R&R programme and construction of project activities should proceed simultaneously and

smoothly.

There are a number of guidelines on R&R aspects issued by the Union Home Ministry, Ministry

of Welfare and Ministry of Labour. Ministry of Environment and Forests and Central Water Commission

have also issued detailed instructions in this regard. The salient points of these guidelines include :

o The Project Affected People (PAPs) must attain within a reasonable period of time a standard of

living which is better than the standard enjoyed by them prior to displacement and which is in

no way less than the general standard of living of the people in the area where they have been

settled.

The displaced person should not become a victim of development and that besides paying

compensation, Government should take measures for their rehabilitation in such a way that

there is no drop in their level of income. In fact, the efforts should be to go further and make

them share the benets of development by enabling them to improve their income.

what is needed is the reckoning of all the environmental and

activity made possible by hydroelectric power, their multiplier

 '
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~ In settling the PAPs, care must be taken to ensure that their social and ethnic ethos is not

disturbed and their cultural integrity is presen/ed.

- A complete census of all categories, groups, communities and individuals affected in any
manner, whatsoever, by the project to be conducted.

‘ ~ Finding speedy, just and humane solutions to the problems of colony — affected people,
“encroachers”, the land rights of tribals, and the problems of landless labourers.

- Minimising dispersal of PAPs and ensure community settlement as far as possible.

- Even in those settlements where the number is less than 500, ensuring that people are

provided with or given access to basic amenities and facilities such as schools, dispensaries etc.

- Making people's participation a reality through proper institutionalisation, including if possible,

periodical public hearings in both submergence and resettlement areas.

~ Independent monitoring and evaluation of R&R work.

- Full and timely ow of information to the people and the fullest co-operation with the NGOs.

- Preparation of a Master Plan with detailed time schedules for R&R.

As a measure of close compliance of these guidelines, to aviod suffering and hardship to" the
extent possible, the Courts have given directions on the matter of R&R.

The Supreme Court gave directions in the writ Petition No. 1021 of 1990 “that rehabilitation
should be so done that at least six months before the area is likely to be submerged, rehabilitation
should be completed and should be in respect of homestead, substitution of agricultural property and

l such other arrangements which are contemplated under the rehabilitation scheme”.
l

The High Court of Gujarat in its judgement of April, 1993 ruled that there should be no forcible
eviction, no temporary submergence and no temporary removal of oustees without completing
rehabilitation as per the Award, the agreement with the World Bank, the Gujarat Government
Resolutions and Supreme Court orders. The Court also ruled that submergence must not take place so

long as the displaced persons are not properly rehabilitated.

The Narmada Water Disputes Tribunal Award also marked a signicant change over earlier
awards in as much as it went beyond the allocation of waters into questions of displacement and

rehabilitation; and laid down norms and principles governing compensation and rehabilitation, which

represented a vast improvement over earlier approaches.

In order to ensure that R&R activities receive the required attention, the Government of India
have also issued relevant notications and instructions in the matter. The environmental clearance of
each project by the Ministry of Environment and Forests is subject to the condition that rehabilitation
plans are so drawn as to be completed ahead of reservoir lling. Under the Environment (Protection)
Act, 1986 and Environmental Impact Assessment Notication, 1994, the State Governments Project

authorities are required to submit Environmental Impact Assessment Statements (EIA) and
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Environmental Management Plan (EMP). These have to be implemented by the project authorities
alongwith the construction activities of the project. These include preparation of master plans for

A

rehabilitation of oustees, compensatoiy afforestation, alternatives in case of adverse effect on flora,
fauna and wildlife, drainage and anti- waterlogging measures, identication of critically eroded areas ‘

for soil conservation and watershed development. The environmental impact needs to be assessed A

periodically, that is, every ve years, during the implementation of the project and the project
implementation agency is required to submit half yearly reports to the Impact Assessment Agency,
about status of implementation of the above measures.

12.5 Deficiencies Noticed in the R&R Plan Implementation

Inspite of progressive pronouncements and genuine intentions, the R&R activities undertaken
by different agencies appear to suffer from deciencies. The more important of these are the
following :

- Non-transparancy: At times even the displaced are not aware of the purpose for which the
lands are being acquired.

~ Non-involvement of the displaced especially the tribals, in the R&R activities.

- R&R plans are being implemented as a regular departmental activity with little coordination
among the concerned departments/agencies.

- Non-involvement of the NGOs

- R&R plan not implemented and completed before the reservoir is lled.

~ Less stress on rehabilitation measures and poor follow up after the displaced have been
resettled.

It must also be said that, of late, there is a greater concern on the part of authorities regarding
R&R activities. It is learnt that a national policy on R&R is under advanced stage of consideration of
the Government of India.

12.6 Suggested Approach to R&R

" Having considered the above, we would suggest the following to form the core of any R&R
activity:

- The project authority should weigh all the alternatives and should only go in for the one
that would cause the least disturbance. Special care should also be taken that the minimum 'i

extent of land required alone is proposed for acquisition.

- The R&R plan should be prepared alongwith the project but implemented well ahead of the
project completion. There should be perfect timing so that all PAPs are settled well before
the resen/oir is lled in. R&R should be taken as the obligation we have to the people, who
have to suffer on account of the project and should be dealt with as such with human
compassion and sensitivity.
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- The R&R project should receive sufcient funds, and implemented by a functional authority.
It should be vested with powers to deal with the affairs of the state, to the extent, it is
concerned.

o The project advisory steering committee must be broad based to include representatives of
the PAPs, NGOs and representatives drawn from the concerned deparatments/agencies.

- Apart from periodic assessment of the R&R plan, there should be an assessment made ve
to seven years after its full implementation, to see how the PAPs have done for themselves.
If further support/inten/entions are required, they must be provided.

- A complete survey of the affected zone and people, their occupation etc. should be taken in
this respect, wherever tribals are involved.

- Compensation packages should be well laid down to take care of all categories of displaced
persons. They would include land for land, homestead for all including the landless, cash
compensation, training for vocations, employment and so on. As far as possible, cash
compensation is not to be considered for tribals as they are tied to land in their way of life
and are not careful in handling money. -

o Tribals must be given special attention. They should as far as possible be settled in habitats,
closer to the ones left behind by them and without breaking up their group identity.

o The resettlement sites should be well developed with all infrastructure so as to provide the
resettled a better way of life.

- Support to the landless, unemployed should be extended, through appropriate means, to
enable them to rehabilitate themselves.

o There should be active involvement of the displaced in the R&R activities; and exibility to
the extent required should be built into the plan.

~ NGOs should be involved to the maximum extent possible, in the formulation,
implementation and follow up of the R&R plan. They are based locally and will be able to
build up the condence of the resettled PAPs and reduce local tension between the locals
and the resettled PAPs.

Much of the criticism against major developmental projects including water projects, emanate
from poor R&R and, therefore, R&R of PAPs should receive total attention in the long term interests of
the country.

12.7 Forest and Water Regime

Forests are a primordial component of environment and are important for soil and water
conservation, protection of watersheds, improvement of drainage of command areas, conservation of
biodiversity and moderation of regional environment. All aspects of environmental protection and
social and economic development as they relate to forests should be integrated. About 30 percent of
forest area is degraded which gives rise to serious problems such as ood, famine and drought.
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Deforestation has taken place mainly due to transfer of land for developmental activities such as
construction of dams, mining, industries and urbanisation etc.

The vital role of forests in protecting fragile ecosystems, watersheds, freshwater resources and
as storehouse of rich biodiversity should be recognised. Trees, shrubs and other vegetation help to
control temperature extremes by modifying solar radiation and increased relative humidity. Wetlands
control flood, store and purify water and protect shores and hinterlands, floral and fauna habitats,
gene pools, recreation besides providing commercial outputs to sustain rural communities.

The main strategy for conservation of species is the protection of viable habitats in

representative ecosystems. In-s/tu conservation has been tried by establishing 316 presen/ation plots,
about 7,200 sacred groves, 86 National Parks and 467 sanctuaries. Ex-s/tu conservation has been
mostly applied to the rare, endangered, fast growing economically important species and medicinal
plants with emphasis on land races. Arboretum, Botanical gardens, Parks, species /provenance trial
areas, seed orchards, and clone banks conserve such species, green the area and improve the
environment.

It is not yet denitely settled whether woodlands influence the amount of precipitation of a

given area. Nevertheless, it is well known that so-called horizontal precipitation (from fog and dew) is

considerably greater in forests than on treeless land. Forests build up litter, which is of great
importance for the water regime. ‘By increasing inltration, forests decrease the maxima of surface
runoff and reduce the intensity of moderate floods’.

The role of trees in the hydrological cycle has been and is being investigated throughout the
world, and in general is fairly well understood. Such an understanding allows for manipulation,
through forest management techniques, of catchment to increase water yields and recharge of
groundwater. Agroforestry can improve bio-drainage of command areas saving productive land from
waterlogging and salinisation.

There are about 75,000 species of animals including 50,000 insects, 4,000 molluscs, 2,546
shes, 204 amphibians, 446 reptiles, 1,228 birds and 372 mammals and other invertebrates. A very
large number of species listed are endemic to India. Among the larger animals 79 species of
mammals, 44 of birds, 15 of reptiles and 3 of amphibians are threatened. The changes in river
morphology and water quality brought about by stilling a owing stream, and the impact of such
changes on aquatic and riparian life, are difcult to be remedied. The decimation of fish population by
damming of a river is also totally inescapable; sh ladder rarely works satisfactorily and the
development of new reservoir sheries cannot reduce biodiversity erosion. ‘However, reservoirs provide
favourable habitat for other varieties of sh and wild life. The availability of a perennial water body
also helps the sun/ival of land animal’.

India is the meeting place of three major bio-geographic realms, namely Indo-Malaya (the
richest in the world), the Eurasian and the Afro-tropical. India owes the unique biodiversity to this
unmatched interspersion of bio-geographic and environmental values.

North Eastern Regions of the Himalaya, Western Ghats and Andaman Nicobar Islands are

classied as an ecological “Hot Spot", the term used to denote areas of ecosystems which are rich in

biodiversity and possess rare and/or endangered species and endemic species. In the tropical rain
forests, deciduous, temperate and alpine areas, there are over 300 families and 3,000 genera of
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owering plants with more than 15,000 species of which 15 families and more than 330 genera are
endemic.

India has a very long coastline extending over 6,000 Kms. Mangrove vegetation is

characteristic of the estuarine tracts along the coast which sustain rich biological diversity. The threat
to mangroves and coral reefs assumes the form of biotic pressures such as shing, land use changes in

surrounding areas and water pollution etc.

I Conservation of biodiversity is a vital issue because it provides the basis of life on earth through
genetic, species and ecosystems diversity. Equally important _are vital life processes carried out by the
nature including the stabilisation of climate, protection of watersheds and increasing productivity of
soil.

In view of these considerations, before a dam is constructed, the following remedial measures
ze suggested for the conservation of flora, fauna and biodiversity:

o Comprehensive, multi-disciplinary study (covering flora, fauna, water quality and ecosystem and

re" inter-relationship) be undertaken to identify in detail the impact of project on the fauna, ora
arc biodiversity of the region.

‘-2 study should be so designed as to cover at least two complete annual cycles and should be

:.a"'ed out with well established scientic methodology.

o If these studies throw up a need to minise the impacts of the project on any population, species or
ecosystem, the activities should be appropriately restricted, slowed down or even suspended, if
necessary.

- If endemic species are likely to be submerged, their ex 5/tu conservation has to be planned

- In-s/tu conservation of endangered species has to be given priority.

~ As far as possible, forest areas submerged in a catchment should be compensated by canying out
afforestation in the same ecosystem for restoring the integrity of the ecosystem

12.8 Internalisation of Environmental Concerns

Environmental concerns continue to be regarded as disagreeable external impositions and they
have not become integral parts of the project planning from the start, despite many guidelines and

instructions to this effect. Each project involves number of aspects and issues such as environmental
protection, rehabilitation of project affected people etc.

Central Water Commission which is an apex body for water planning in the country is not a

rnulti-disciplinary body encompassing agriculture, environmental science, economics, sociology, law

etc. but is mainly a body of engineers. Similar conditions prevail in other institutes for better
l appreciation of the environmental and other concerns. It is necessary that these institutes should be

' multi-disciplinary.

To avoid delay in clearance of projects from environmental and forest angles as well as to
ensure that safeguards stipulated by the Ministry of Environment and Forests while giving clearance
are properly implemented, selected persons in water resource agencies both at the Central and State
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level should be trained to take care of these concerns and to prepare appropriate EIAs and EIPs and
R&R plans. This would help to evolve specialised talent within the irrigation/water resource
departments for preparing proposals and would help in the early clearance of projects from the
environmental angle.

Water Resource Institutions should have close links with the institutions of the Ministry of
Environment and Forests by mutual nomination of representatives on Governing Bodies / Technical
Advisory Committees as well as by taking experts on Sl‘iOl’t term/long term deputation. The
infrastructure, personneland training material in water resource training institutions should be

strengthened to cover issues connected with the environmental aspects.

12.9 Water Quality

Until the 1950s, modern economic development largely ignored considerations of water quality,
with the result that an inverse relation between development and water quality came into existence.

Developed countries had to pay a heavy price to restore the quality of water in their rivers and other
water bodies. Deteriorating water quality has become a serious problem in developing countries like

ours also. Unless action is taken now, a much heavier price will have to be paid in future, especially

due to the high density of our population.

Pollution of water results from many human, economic activities and development. An extended

list of the causes would be somewhat as follows:

- Poorly treated and concentrated discharge of sewage, urban drainage water and industrial

effluents.

- Agricultural practices including inorganic constituents and pesticides. ‘

- The hidden chemical “time bombs” stored in soils and sediments with the potential to be

remobilised by land use change, dredging or climate change.

- Loss or destruction of catchment areas.

Intensive live stock production accumulating pungent animal waste in solid and liquid forms and

their mixing with water.

o Nitrates as a major source of water contamination.

o Over exploitation of ground water in coastal and semi-arid areas causing salinisation and

depletion of groundwater level.

o Mining and other extractive industries including mine water pumping, ore washing and effect of
mine tailings.

o Destruction of wetlands, the natural lter of water.

o Oil spills from oil transport systems in the major rivers.

- Non - availability of minimum flow in the rivers reducing dilution capacity of rivers thus

increasing pollution.
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- Reduced flow of rivers and over exploitation of ground water in the coastal areas

causing intrusion of saline water.

Water quality is basically determined by the bacterial and physico-chemical parameters. Water

may be termed unt for drinking purposes because of excessive salinity, brackishness, uorides,

sulphates, hardness, nitrates, iron, manganese and pesticides. Water of poor quality leads to ill-health

and water in insufficient quantity claims large chunks of time spent in augmenting the supply-time that

could be spent on more remunerative tasks.

Safe water-supplies and environmental sanitation are vital for protecting the

environment, improving health and alleviating poverty. According to various studies, an estimated 80

percent of all diseases and over one third of deaths are caused by consumption of contaminated water,

and, on an average, as much as one tenth of each person's productive time is sacriced to water-

related diseases.

The Mar del Plata Action Plan (adopted by the United Nations Water Conference in 1977)

recognised the intrinsic linkage between water resource development projects and their signicant

physical, chemical, biological, health and socio-economic repercussions. The overall environmental

health objective was set as: “to evaluate the consequences which the various users of water have on

the environment, to support measures aimed at controlling water-related diseases and to protect eco-

systems".

The International Drinking Water Supply and Sanitation Decade was launched in 1981 with the

aim that “all peoples, whatever their stage of development and their social and economic conditions,

have the right to have access to drinking water in quantities and of a quality equal to their basic

needs”. The target of the Decade was to provide safe drinking water and sanitation to under served

urban and rural areas by 1990, but even the unprecedented progress achieved during the decade was

found to be inadequate.

12.10 Water Quality Criteria and Standards

Water quality criteria have been developed for various categories of benecial uses ranging

from drinking water, outdoor bathing, propagation of wildlife and sheries, irrigation, industrial cooling

and controlled waste disposal. The relevant parameters arecolour, odour, oatable material, pH,

Phenols and hydro carbons. The water quality standards developed by the CPCB for different uses are

given in Table 12. 1.

ill.
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Table - 12.1

Primary Water Quality Criteria

Designated Best Use Class of Criteria
. Water

Drinking water source without A

conventional treatment but after
disinfection

:l>UOl\)i-—*

Total Coliform Organisms MPN/100 ml shall be 50 or less

pH between 6.5 and 8.5
Dissolved Oxygen 6mg/l or more
Biochemical Oxygen Demand 5 days 20° C 2 mg/I or less

Outdoor bathing
(Organised)

5 I

:I>l.ul\J|-~

Total Coliform Organisms MPN/100 ml shall be 500 or less

pH between 6.5 and 8.5
Dissolved Oxygen 5mg/I or more
Biochemical Oxygen Demand 5 days 20° C 3 mg/l or less

Drinking Water with C

conventional treatment followed
by disinfection

-l§~L1Jl\!i—*

Total Coliform Organisms MPN/100 ml shall be 5000 or less

pH between 6 and 9

Dissolved Oxygen 4mg/l or more
Biochemical Oxygen Demand 5 days 20° C 3 mg/l or less

Propagation of wild life fisheries D 1_ DH between 6_5 and 8_5

2

3

Dissolved Oxygen 4mg/l or more
Free ammonia (as N) 1.2 mg/l or less

Irrigation, Industrial Cooling, E

;_;.

pH between 6.0 and 8.5

Controlled Waste Water disposal Electrical conductivity @ 25° C : 2250 micro mhos/cm, Max

-l>LAJl\J

Sodium absorption ratio, Max 26

Boron, Max 2 mg/l

Source." Central P0//ut/on Control Board (1991)

Based on the long term water quality data generated over the years, 13 heavily and 26

medium polluted rivers and 26 medium polluted river's stretches have been identied in the country.

The critical pollutants identied for the polluted river stretches are dissolved oxygen, bio-chemical

oxygen demand and total coliforms. In most of the rivers these parameters are not adequate to

indicate the overall health of a water body. “Bio~maps” based on bio—assessment depict the stretches

where the deterioration of water quality has occurred and where action for improvement is needed.

12.11 Water and Health Related Issues

Almost half of the world's population suffers from diseases associated with insufcient or

contaminated water. Safe water supplies and environmental sanitation are vital for health. Important

water borne diseases are hepatitis-A, cholera, typhoid, polio, diarrhoeal diseases and amoebiasis.

Important water associated diseases include malaria, laria, dengue, polio myelitis, heiminthic and

infectious hepatitis.

The safe drinking water supply schemes brought about improvement in the quality of water for

domestic use and brought down mortality due to cholera, typhoid and diarrhoeal diseases. Yet, the

fast growing urbanisation, lack of water delivery and sanitation facilities, in addition to poor system

maintenance, are resulting in severely contaminated water and increasing incidence of water-related

diseases. In the present urban environmental situatition, India faces a health scenario in which its

urban population is under major health risks. These include widespread but preventable communicable

diseases. In large cities such as Mumbai,Delhi and Calcutta contamination of water in piped

‘
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distribution system and in user-storages like sumps and overhead tanks due to inadequate

maintenance has resulted in high rates of water-borne infection, including diarrhoea and enteric

disease. Degradation of water quality from industrial and domestic pollution is another major cause of

environment-related illness. Release by industry of untreated toxic organic and inorganic waste water

pollution into water courses is a widespread problem.

Similarly, groundwater related issues, although gradual in impact, require immediate

consideration specially in rural areas where majority of population is dependent on this source. The

pollution from these sources is generally of two types: one inherent in the form of contamination

caused by the very nature of geological formation - Excess fluoride, excess arsenic and excess iron

causing suffering to large population fall under this categon/; the other caused by human interference

(anthropogenic) - Some of the examples are excess application of chemical fertilizers having high

amount of Nitrogen in the agricultural sector, untreated domestic sewage causing biological

contamination, discharge of untreated industrial effluents and excess pumping of groundwater in

coastal areas leading to brackishness.

Improving the quality of drinking water, ensuring proper sewage disposal and providing more

water for both personal and domestic hygiene are keys to prevention or control of major diseases such

as diarrhoeal diseases, cholera, typhoid, Guinea-worm diseases, hepatitis, polio, liaria, dengue and

malaria.

The concept of bio-mapping has been introduced by CPCB for the production and detection of

ecological effects and to protect rare and endangered biotic species surviving in surface water from

evergrowing pollution. Bio-mapping is the technique of transformation of biological water quality

information of a river basin in the form of a coloured map. Different colours on a river basin map, such

as blue, light blue, green, orange and red, indicate various water quality classes in terms of clean,

slight pollution, moderate pollution, heavy pollution and severe pollution of a water body respectively.

12.12 Biological Water Quality Criteria (BWQC)

To assess the actual health of water bodies, CPCB has derived Biological Water Quality Criteria

(BWQC) for water quality evaluation. This system is based on the range of saprobic values and

diversity of the benthic macro-invertebrate families with respect to water quality. The system has been

developed after extensive eld trials and calibration on the saprobity and diversity information of

different taxonomic groups of benthic animals collected from articial substratum and natural

substratum of various water bodies. To indicate changes in water quality to different grades of

pollution level, the entire taxonomic groups, with their range of saprobic score from one to ten, in

combination with the range of diversity score from O to 1 has been classied into ve different classes

of water quality (Table 12.2). The abnormal combination of saprobic score and diversity score indicates

sudden change in environmental conditions.
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t 1. Ephemeroptera, 7 and more 0.2 — 1 Clean A Blue l

.....;__.~

Table - 12.2

Biological Water Quality Criteria (awqc)

S.No. Taxonomic groups Range of Range Water Water Indicator
saprobic of diversity quality quality colour ‘

score score character- ’ class
(BMWP) stitic

Plecoptera, . .

Trichoptera,
Hemiptera,
Diptera |

2. Ephemeroptera, 6-7 0.5-1 Slight B Light Blue
Plecoptera, Pollution
Trichoptera,
Hemiptera,
Planaria, Odonata,
Diptera

3. Ephemeroptera, 3 -6 ' 0.3-0.9 Moderate C Green
. Plecoptera, Pollution

Trichoptera,
Hemiptera, Odonata,
Crustacea, Mollusca,
Polychaeta,
Coleoptera, Diptera,
Hirudinea,
Oligochaeta -

4. Mollusca, Hemiptera, 2-5 0.4 & Less Heavy D Orange
Coleoptera, Diptera, Pollution
Oligochaeta

_

5. Diptera, Oligochaeta 0 — 2 0 — 0.2 Severe E Red
No animals Pollution

Source: Central Po//ut/on Control Boards Report.

Using a combination of these criteria, quality standards for the rivers are in process of
development. The guidelines issued by the Ministry of Environment and Forests, Government of India
include various items listed below : '
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I. For Rivers where no pollution abatement programme is initiated or proposals

received, data under GEMS & MINARS from CPCB/SPCB may be used

II. For rivers where pollution abatement works are undertaken

th

a) The monitoring should be done once in a month preferably on the 11 day at 30 cm depth from the

surface.

b) For baseline stations and trend stations, the water samples should be drawn from midstream and

for impact stations, samples should be collected from 1/4t“ and half width of the river.

c) Samples may be analysed for pH, conductivity, temperature, velocity, discharge (wherever

possible), DO, BOD, COD, chloride, total coliform, faecal coliform, faecal streptococci (FC/FS ratio),

site specic heavy metals.

d) Seasonal monitoring of drains for waste water analysis within the action plan towns should be

included as part of water quality monitoring.

e) NRCA may organise more frequent training programmes on WQM, PFR preparation and treatment

technologies.

f) A training programme on heavy metals, pesticides, sediments and drain monitoring for all the

project investigators should be organised at least once a year.

g) A mid course correction on water quality monitoring strategy be carried out.

h) Selection of monitoring stations for U/S, D/S of town, any strategic point in between U/S and D/S

including abstraction, water intake, tributary, major polluting source or discharge of treated waste

water from STPs.

i) Important bathing ghats — at least one ghat per religious town be added to monitoring stations.

Samples to be taken from two to ve m from the bank and analysed for pH, temperature, DO, BOD,

total coliform and faecal coliform.

III. For towns/ rivers where STPs are completed, commissioned and operationalised

Performance monitoring of sewage treatment plants on monthly basis retained. Data may be compared

with that of the implementing agency.

Once a year, a sanitary survey including wastewater characterization, to know the additional source of

pollution.

IV. For towns identified as per Supreme Court Orders and where only non-core activities

shall be undertaken

The water quality monitoring may be done for post-monsoon, summer and winter seasons with analysis

for temperature, pH, DO, BOD, total coliform and faecal coliform.
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12.13 Water Quality Monitoring

Monitoring the quality of rivers and other water bodies is the most essential rst step in
restoring water quality. The Central Pollution Control Board (CPCB) has a nationwide responsibility of
water quality monitoring and management of rivers. The existing water quality monitoring network in
India includes 495 monitoring stations located in various water bodies all over the country. The water
quality at these stations is monitored through three major schemes namely,

i) Global Environmental Monitoring System (GEMS) — 50 monitoring stations are operated.

ii) Monitoring of Indian National Aquatic Resources System (MINARS) — 430 monitoring stations
are operated.

iii) Yamuna Action Plan (YAP) — 15 monitoring stations are operated.

All these monitoring stations are distributed on various natural aquatic resources. In all 164
stations are located on major, medium and small rivers, 185 stations on tributaries and 71 stations are
located on independent rivers. Other than rivers, the water quality network also covers the water
quality monitoring of lakes at 35 locations, ground water sources at 24 monitoring locations and 16
monitoring locations on other sources. The entire water quality monitoring is performed through State
Pollution Control Boards, and CPCB zonal ofces. At present the water quality monitoring is undertaken
for 23 physico-chemical parameters at monthly/quarterly interval.

The CWC is maintaining a large network of 877 hydrological observation stations in the key
locations of the river basin systems of India for reliable assessment of the water resources of the
country. Out of these, 319 stations distributed over all the major river basins, are also engaged in
water quality monitoring. Initially, the water quality monitoring of CWC was started with the limited
objective of classication of water for irrigation and other related uses, but presently, it also includes
monitoring the rate of silt ows, chemical indices like sodium absorption ratio, sodium percentage,
residual sodium carbonate and hardness number as well as other pollution parameters. However, the
monitoring does not cover the municipal and industrial effluents. The CWC is also maintaining a three-
tier laboratory system for analysis of the chemical parameters of water quality monitoring.

Ground water quality is being monitored by the CGWB through a network of 14,995 monitoring
stations set up in different parts of the country. Changes in water quality have been observed in major
agricultural and industrial belts and urban complexes as a result of overuse of fertilizers, pesticides and
insecticides in agriculture and disposal of untreated waste from industries and urban cities. Although
all these organisations are engaged in the same task, they are, nevertheless, working in isolation and
without interaction as well as coordination on a continuing basis. There is need to set-up a mechanism
to effectively coordinate the work of water quality monitoring by these organisations, so as to cover
the whole gamut of water quality for a complete analysis to decide upon corrective / remedial
measures.

12.14 Remedial Action

To restore and maintain water quality and ensure environmental sustainability, action is needed
on a wide front. The challenges are many but are not beyond the present status of our knowledge of
science and engineering or of social sciences. We give below in a summary fashion the more
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important of the actions to be taken, even though some of them have been stated in other contexts in

this report.

Water Resources Protect/on and Conservation

~ Rain water han/est structures be encouraged in a big way to increase availability of water and also

increase groundwater recharge for better sustainability of water sources.

- Water supply links with watershed development programmes should be made more effective for

better sustainability of drinking water sources.

o Conservation of water by better management to reduce leakages and pilferage and recycling of

treated waste water for non-domestic uses be encouraged by giving incentives. This will not only

save precious water but also reduce load of water/sewage treatment units.

- Over exploitation of groundwater must be avoided to control deterioration of its quality and

reduced cost of pumping. Regulatory mechanism for groundwater exploitation to be brought in by

the State Government in such areas which are facing acute shortage of drinking water throughout

the year, for better sustainability of the sources of water.

- Establishing and strengthening of technical and institutional capacities to identify and protect

existing and potential sources of water supply, in all sectors of our activities.

- Preparation of national plans for water resources protection and conservation.

- Rehabilitation of important, but degraded, catchment areas.

o Strengthening of administrative and legislative measures to prevent encroachments on existing

and potentially usable catchment areas.

Water-Use Efc/encyl

- Increase of efciency and productivity in agricultrual water use for better utilisation of limited

WZ:l'E€l' FESOUFCES.

~ Strengthen water and soil management research under irrigation and rainfed condition.

- Support water user groups with a view to improve management performance at the local level.

- Support the appropriate use of relatively brackish water for irrigation.

Water Qua//ty Management

o Establish and operate cost-effective water quality monitoring systems for agricultural and

industrial uses..

o Prevent adverse effects of agricultural activities on water-quality for other social and economic

activities and on wetlands inter-alia through optional use of on-farm input and minimisation of

the use of external input in agricultural activities.
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and for marine and riverine eco systems.

v Minimise soil runoff and sedimentation.

breeding.

- Educate communities about the pollution-related impacts of the use of fertilizers and chemicals
on water quality, food safety and human health.

Water/ogging, Salinity Control and Drainage

~ Introduce surface drainage in rain fed agriculture to prevent temporary water logging and
flooding of low lands.

- Introduce articial drainage in irrigated and rainfed agriculture.

- Encourage conjunctive use of surface and ground water, including monitoring and water balance
studies

Practise drainage in arid and semi-arid regions.

Water Po//ution Prevention ano’ Control

and off-site sanitation.

- Establish biological, physical, chemical water quality criteria for agricultural and other water users

~ Dispose properly, sewage from human settlements and manure produced by intensive livestock

- ' Minimise adverse effects from agricultural chemicals by use of pest management.

o Application of “polluter pays" principle, where appropriate, to all kinds of sources, including on-site

1 o Promotion of the construction of treatment facilities for domestic sewage and industrial effluents
and development of appropriate technologies, taking into account sound traditional and indigenous

h

l

practices. -

- Establishment of standards for discharge of effluents and for the receiving water.

- Introduction of precautionary approach in water-quality management, where appropriate, with a

focus on pollution minimisation and prevention through use of new technologies, product and
process change, pollution reduction at source and efuent reuse, recycling and recovery,
treatment and environmentally safe disposal.

~ Mandatory environmental impact assessment of all major water resource development projects
potentially impairing water quality and aquatic ecosystems, combined with the delineation of
appropriate remedial measures and a strengthened control of new industrial installations, solid
waste landlls and infrastructure development projects.

compliance with those decisions.
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- Identication and application of best environmental practices at reasonable cost to avoid diffuse

pollution, namely through a limited, rational and planned use of nitrogenous fertilizers and other

agro chemicals (pesticides, herbicides) in agricultural practices.

o Encouragement and promotion of the use of adequately treated and puried waste water in

agriculture, aquaculture, industry and other sectors.

Deve/opment and App//‘cat/on of C/ean Technology

~ Control of industrial waste discharges, including low-waste production technologies and water

recirculation, in an integrated manner and through precautionary measures derived from a broad

based life-cycle analysis.

- Treatment of municipal waste water for safe re-use in agriculture and aquaculture.

- Development of biotechnology, inter-alia for waste treatment, production of biofertilizers and other

activities.

- Development of appropriate methods for water pollution control, taking into account sound

traditional and indigenous practices.

~ Identification of cleaner technologies developed and facilitating transfer and adaptation of such

technologies in India.

o Capacity building for environmental audit for pollution prevention.

Groundwater Protect/on

~ Development of agricultural practices that do not degrade ground water.

- Application of the necessary measures to mitigate saline intrusion into aquifers of small islands

” and coastal plains as a consequence of sea level rise or over exploitation of coastal aquifers.

~ Prevention of aquifer pollution through the regulation of toxic substances that permeate the

ground and the establishment of protection zones in ground water recharge and abstraction

area.

- Regulation of industries based on ground water or disposing off solid or liquid waste from the

standpoint of water use (already in force) and also from the angle of pollution of ground water

and recycling.

o Design and management of landlls based upon hydrological information and impact

assessment, using the best practicable and best available technology.

~ Promotion of measures to improve the safety and integrity of wells head areas to reduce

. intrusion of biological pathogens and hazardous chemicals into aquifers at well sites.

‘I - Water quality monitoring, as needed for surface and groundwater, potentially affected by sites

storing toxic and hazardous materials. '

I
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Mon/tor/ng and Sun/e///ance of Water Resources and Water Receiving Wastes

- Establishment of network for the monitoring and continuous surveillance of waters receiving
wastes and of point and diffuse sources of pollution.

- Promotion and extension of the application of environmental impact assessments of
geographical information systems.

o Surveillance of pollution sources to improve compliance with standards and regulations to
regulate the issue of discharge permits.

- Monitoring of utilisation of chemicals (fertilizers and pesticides) in agriculture that may have an
adverse environmental effect.

~ Rational land use to prevent land degradation, erosion and siltation of lakes and other water
bodies.

We have dealt with many of the above points in the appropriate chapters and the more
important ones in this chapter.

12.15 Cause and Effect of Water Quality Deterioration

Some of the root causes of water quality deterioration are:

Ignorance of the full cause/effect relationships of water pollution".

o Wilful misuse of water sources.

o Failure to appreciate that water is a near universal solvent and as it moves through both man-made
and natural environment, it picks up and transports in solution and suspension, a wide variety of
organic and inorganic substances; when uncontrolled, this frequently leads to serious pollution.

- Failure to mimic nature's natural closed cycle operation. Mankind uses open loop systems. We ush
vast quantities of water through urban areas, industries and agricultural areas, polluting water in
the process. Then we return this polluted water, often as point discharges, to the natural aquatic
environment in such concentrations that the latter's natural capacity to absorb and convert
pollutants is exceeded.

Pipeline based system concentrates the polluted run off waters and unless controlled puts the
contaminated efuents back into the natural aquatic environment in a diffused set of point
discharges which cause widespread pollution.

The deteioration of water quality has several adverse effects, as for example:

o Bacterial or microbial contamination of water, causing widespread sickness and death from water
borne diseases.
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- Loss of natural aquatic habitats and chronic human health risks from pollution by toxic substances

that is, chemical contamination (metals, synthetic and industrial pollutants and radio active

substances).

- Loss of productive capacity of irrigated soil through water logging and salinisation.

~ Loss of biodiversity in aquatic environment.

12.16 Sustaining Rivers, Lakes and Wetlands

Rivers, lakes and wetlands are the impoitant natural sources of water. Maintaining water

quality in them is indeed vital for all life. A number of programmes have been initiated to restore water

quality and sustain our rivers, lakes and wetlands. The more important ones among them and the

lessons drawn from the experience so far are briey discussed below.

Rivers

ll Most of the major rivers in the country suffer from pollution in one stretch or the other. The

;< Ganga was considered to be one of the most polluted rivers in the country. A study conducted by the

1‘ CPCB in 1984 concluded that nearly 75 percent pollution of the river was on account of discharge of

1 untreated municipal sewage into the river from the large and medium towns located along it and the

ll remaining 25 percent pollution was caused by the discharge of partly treated/untreated effluents from

l the industry. The report also identied that some of the non point sources of pollution include items

‘l such as run-off from agricultural elds carrying chemicals and fertilizers, run off from areas used for

dumping of solid waste and open defecation, dumping of burnt/half burnt dead bodies and animal

‘ carcasses, dhobi ghats, cattle wallowing, mass bathing, oral offerings, etc.
ll

The river cleaning programme of India was started with the launching of the Ganga Action Plan

(GAP Phase-I) in June, 1985 as a 100 percent Centrally Sponsored Scheme to restore the river water

quality to the following standards:

Biochemical Oxygen Demand (BOD) 3 mg/l maximum

Dissolved Oxygen (DO) 5 mg/I minimum

Total Coliform 10,000 MPN per 100 ml

Faecal Coliform 2,500 MPN per 100 ml

To tackle the pollution of Ganga from municipal sewage, pollution abatement works were taken

up in 25 Class I Towns (population above one lakh in 1985). Of these, six are in Uttar Pradesh, four in

Bihar and 15 in West Bengal. Out of the approved cost of Rs.462.04 crores, an amount of Rs.450

crores was spent on the programmes upto March, 1999. The main aim of the action plan was the

interception and diversion for treatment of 873 million litres per day (mld) of municipal sewage out of

the estimated 1,340 mld (both Feb., 1985) from these 25 towns. The remaining sewage was to be

taken up under the Second Phase of GAP. The action plan included schemes of construction and

improvement of bathing ghats to provide a clean hygienic access to the rivers. Pollution of the river

from grossly polluting industry was to be managed and controlled under the existing environmental

laws.
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To accomplish the task, 261 schemes of pollution abatement concerning municipal activity were
sanctioned under GAP I. These included 88 interception and diversion, 35 sewage treatment, 43 low
cost toilets, 28 electric crematoria, 35 river front development and 32 schemes of miscellaneous
category.

Initially it was expected that the programme would be completed in six to seven years.
However, it was delayed considerably due to the following reasons:

- Being the rst programme of its kind and magnitude, there was a lack of experience both at the
Central and State level.

- There were inordinate delays in land acquisition for major schemes of sewage treatment and
dumping stations in Calcutta, Bhatpara, Cossipur-Chitpur and South suburban (east) segment of
Calcutta in West Bengal and Patna and Munger in Bihar.

- Litigation and court cases mainly in Kanpur and Allahabad in U.P. and Cossipur-Chitpur in West
Bengal resulted in considerable delays.

l

l

- Two sites of major projects, one in Calcutta and the other in Patna, were under encroachment
‘

for a long period.

- The schemes of all seven sewage treatment plants in Bihar and West Bengal had to be
tendered several times. In addition, there were contractual problems in four out of 13 major
sewage treatment plants of UP.

- Externally aided components of Kanpur and Mirzapur projects were prolonged considerably due
to delay in initial formalities between the Governments.

- Diversion of funds by the State Governments of U.P. and Bihar resulted in the delayed release
of central funds to the States for implemention of the programme.

However, with the ultimate completion of 254 schemes, the water quality of Ganga has shown
improvement "over the pre-GAP period quality in terms of both the Biochemical Oxygen Demand (BOD)
and Dissolved Oxygen (DO), the two important parameters to assess river water quality.

Despite the problem of Operation and Maintenance in UP and Bihar, the improvement in river
water quality can be attributed to have been achieved as a result of diversion of large quantities of
sewage in towns like Kanpur, Allahabad and Varanasi for sewage farming.

Although river water quality along Kanpur and Varanasi has improved signicantly, it still does
not meet the prescribed standards of BOD of 3 mg/l. This is mainly because, a) only 160 out of 360
mid at Kanpur andabout 100 out of 180 mld of sewage at Varanasi has been taken up for interception
and diversion under GAP Phase-I; and b) the river stretch from Farukhabad to Varanasi in general and
Kanpur in particular is critical in terms of the availability of desired minimum flow for dilution purposes.

12.17 Deficiencies in Operation and Maintenance

Notwithstanding delays, pollution abatement facilities were completed. However, following
major deciencies have arisen in operation and maintenance :
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- States, particularly Bihar and to a large extent U.P., are unable to provide timely adequate

funds for operation and maintenance of assets created under the programme.

- In Bihar, the O&M has been grossly inadequate in respect of all the assets. The state

government has neither been able to provide funds for such purposes nor the required

power on a continuous basis for operation of assets like sewage treatment plants, pumping

stations, crematoria etc.

- O&M of conveying sewers and intermediate pumping stations which is equally cost intensive

has been grossly neglected in UP due to the inability of State Government to provide

adequate funds. As a result, despite the facility being available, sewage is still nding its way

into the river at several places.

- Erratic and poor availability of power is a major bottleneck in operating the pumping

stations, STPs and electric crematoria.

o O&M of other facilities like toilets and bathing ghats has been neglected in general by the

local bodies. They have also not been able to discharge other civic functions in GAP towns in

a manner desirable in maintaining the town and in keeping the river clean.

o The stretch of river from Farukhabad to Varanasi in general and Kanpur in particular is very

critical in terms of availability of minimum flow. Therefore, the dilution capacity of the river is

severely limited, with the result that the desired quality of water could not be obtained at

Kanpur.

o It has been possible to minimise the organic pollution ( which is indicated by BOD) reaching

the river through the intervention of GAP. However, there has been only incidental reduction

in the treated sewage in respect of microbial pollution (which is indicated by the coliform

counts).

12.18 Corrective Measures Needed

The following measures are needed to improve the functioning of these schemes:

o The Operation and Maintenance (O&M) of assets created under Ganga Action Plan needs

urgent attention for improvement. Assigning the responsibility for O&M to one agency

would increase efciency. ‘

~ Sanctioned funds for maintenance may be transferred from the State Government to the

local bodies concerned.

~ Greater reliance may be placed on alternative technologies which are not driven by

conventional power, for example Waste Stabilisation Pond Technology, Upflow Anaerobic

Sludge Blanket, sewage treatment through plantation, aquaculture using duck weed etc. to

overcome the problem of erratic power supply.

- Measures may be taken to ensure a minimum ow of fresh water in the major rivers during

the lean season.
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12.19 Ganga Action Plan (Gap-Phase-II) and National River Conservation
Plan (NRCP)

The Ganga Action Plan model (Phase-I) with necessary changes on the basis of lessons learnt
and experience gained has been applied to all the major rivers of the country under two schemes of
GAP— Phase II and the National River Conservation Plan (NRCP).

These programmes were approved on an equal cost sharing basis between the Centre and
State Governments. However, considering the difculty of the State Governments in providing share of
the cost, the National River Consen/ation Authority (NRCA) decided to convert the schemes into 100
percent Centrally funded programmes on the lines of GAP— Phase-I. This was approved by the
government in November, 1998 with the modication that the cost of land (with effect from 1.4.1997)
was to be borne by the concerned state government.

Under GAP Phase-II, the following works have been taken up in 95 towns in ve states covering
the following four major rivers of Ganga basin:

- Major tributaries of the river Ganga viz. Yamuna, Gomti and Damodar.

- Works in the remaining large towns located on the main stream of Ganga which are responsible for
its pollution and remaining works in some of the 25 GAP Phase-I towns, which could not be taken
up under Phase-I.

Works in the additional 30 towns covered by Supreme Court Orders.

- Common Effluent Treatment Plant (CETP) for the Calcutta leather complex included under the
Supreme Court Order.

The approved cost of this programme is Rs.1,276.25 crores.

Under NRCP, pollution abatement works in 18 rivers and 46 cities in 10 states have been
taken up as per the Table 12.3.

325



TABLE — 12. 3

STATEWISE SANCTIONED COST OF NRCP

S.No. Name of the State River Number of Sanctioned Cost
Towns (Rs. In crores)

|_l

Andhra Pradesh Godavari 4 51.15

N

Bihar Subarnarekha 3 30.64

U0

' Gujarat Sabarmati

|-A

93.83

-l>-

Karnataka Bhadra (Kabini),

CD

20.62
Tunga,
Tungabhadra

5. Madhya Pradesh Betvva, Chambal, 11 94.51
Khan, Kshipra,
Narmada, Tapti
& Wainganga

6. Maharashtra Krishna, Godavari 4 162.68
7. Orissa Brahmani & 4 23.55

' Mahanadi
8. Punjab Satluj 4 219.62
9. Rajasthan Chambal 2 16.93

10. Tamil Nadu Cauvery 5 41.37

The modications effected in the GAP Phase II and NRCP schemes on the basis of GAP Phase-I
experience include the following:

i ~ System designs have been planned on the basis of actual survey and estimation of waste water
generated from towns.

l

- Decentralised approach has been adopted for each segment for interception, diversion and

] treatment of polluted water to optimise the cost.

l

; - States have been advised to ensure that land acquisition activity is completed in time.

‘N - Adoption of cost effective and appropriate technologies like Upow Anaerobic Sludge Blanket
' (UASB), Stabilisation Ponds and Karnal Technology, wherever feasible. This will improve the

sustainability of the programmes.

- Maintenance of minimum flow and other requirements of River Action Plan are kept in view while
equipping large development projects.

- Improved wood based crematoria have been adopted in place of electric crematoria which were
found not popular in many towns and also due to non availability of uninterrupted power supply.

o Setting up of low cost toilet complex on the basis of physical sun/eys. The operation and

maintenance of such schemes is proposed through reputed NGOs.

o Training programme in project management has been designed and introduced to train the project
managers to minimise the implementation period.
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- Greater emphasis is placed on the public awareness and participation and involvement of people.

- Privatisation of O&M and few STPs proposed on experimental basis.

- Strict water quality monitoring to be adhered to on regular basis

If faithfully implemented, these measures would very susbstantiallly help in the success of the
NRCP.

12.20 Lakes

Lakes constitute an important component of our fresh water systems. Due to pressures of
human activities, a number of lakes are shrinking or getting polluted beyond the point of recovery.
Encroachment, siltation, weed infestation, discharge of domestic sewage, industrial efuents and
surface runoff carrying pesticides and fertilizers from agricultural elds are among the major threats.
The symptoms of the pressures due to encroachment and invasions are already experienced in the
form of decrease in the migratory bird population, sh and other fauna, poor water quality and prolic
growth of obnoxious weeds.

On experimental basis it is proposed to take up rehabilitation of Dal Lake in J & K State. Alternative
Hydro Energy Centre, Roorkee has been selected to undertake preparation of detailed project report in
consultation with the State Government. So far an amount of Rs.25 crores has been released to the
State Government for starting the work.

The objective of National Lake Conservation Programme is to arrest further degradation of
lakes and to revive the water body to acceptable environmental standards so that water can be utilised
for different purposes. This programme needs to be expanded on the basis of experience of initial
projects.

12.21 Wetlands

Wetlands are areas of marsh, fen, petlands whether natural or articial, permanent or
temporary with water, that is static or flowing, fresh, brackish, including marine waters not beyond six
metres deep. Wetlands control flood, store and purify water and protect shores and hinterlands to
sustain rural communities. Indian wetlands which represent various geographical regions dot the cold
zone of Ladakh, warm arid zone of Rajasthan, tropical monsoonic central India, wet north eastern
region, wet southern peninsula and the coastal wetlands.

Wetlands of all types are natural lters. They are excellent systems for converting waste
streams back into the natural environment, in both agricultural and urban areas. There are about 17

million hectares of wetlands (about 14.05 m ha natural and 2.59 m ha man made) in the country.
According to estimates, only 28 percent of the area of 93 wetlands is under total protection. This does
not include a vast number of small, scattered aquatic habitats throughout the country. Thus it has not
been able to cover city tanks, rural irrigation water bodies, lagoons, coastline habitats and other
sensitive wetland habitats of bio-diversity importance. Out of 85 wetland sites of international
importance in the country, 45 percent are subjected to moderate to high threat.
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The problems faced by wetlands relate to weed infestation, siltation, eutrophication,

encroachment, chemical and organic pollution and anthropogenic activities. Wetland may have several

values such as groundwater recharge and maintenance of water quality; dependence of agriculture and

animal husbandary in drought prone areas; conservation of rare and endangered species; pollution

s
abatement; ood control etc. Ecologically, wetlands may be viewed as more important ecosystem,

transitional between open water and terrestrial ecosystems, endowed with specic structural and

functional attributes, and performing major ecological role in the biosphere.

\

Wetlands have to be regenerated by the reorientation of policy of “open access" to ‘common

property resources". Currently, these are often drained to create agricultural land and habitation places.

Other protection measures may include:

- Conservation and protection of wetlands (owing”to their ecological and habitat importance for

many species) taking into account social and economic factors.

- Control of noxious aquatic species that may destroy some other water species.

- Development of appropriate methods for water pollution control, taking into account sound

traditional and indigenous practices.

- Rehabilitation of improved, degraded catchment areas particularly of small islands.

A National Committee on Wetlands, Mangroves and Coral Reefs was created to advise the

government on appropriate policies and programmes for the conservation and management of

wetlands. 22 wetlands have been identied as priority areas for conservation and improvement under

the Wetland Consen/ation Programme. Of the 22 wetlands, four fall within the urban areas and

require special treatment for pollution control. The wetlands programme needs to be strengthened

with additional outlays.
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CHAPTER - 14

TOWARDS SUSTAINABLE DEVELOPMENT

As we stand today as a nation, at the turn of the century, looking back at our progress and

contemplating the future, we may derive some satisfaction from the path traversed, particularly during

the half century after Independence. But the challenges we shall be facing in the future are many.

There is the challenge of feeding a growing population. We have grown from a nation of 360 million in

the middle of the twentieth century to a nation of one billion today. On present indications, we may

reach a size of around 1.5 billion by the middle of the twentyrst century. There is the challenge of

poverty. Over 35 percent of the people are still poor and undernourished. After showing a fast decline

during the eighties, the poverty proportions have become somewhat sticky during the nineties with the

implication that the absolute number of poor is increasing. There is the challenge of meeting growing

aspirations for higher incomes and better life of an increasingly more informed people. There is the

challenge of meeting the aspirations of growth in a way that development is sustainable and the '5

growth processes do not destroy the delicately balanced environmental and ecological systems. At the

core of all this is the challenge of meeting the water needs of the society.

Though water as an element is abundant on Earth, the pool of annually renewable fresh water

is limited and is becoming increasingly scarce relative to needs. The total surface water resources in

India are roughly four percent of the World's fresh water resources, whereas the country's population

is 16 percent of the World's population. We have estimated the total annual water resources of India

to be 1,953 Km3' This includes 432 km3 of water available from ground water sources. However, the

utilizable quantities of water drawable from the total annual resource are only 1,086 km3 which is the

sum of 690 km3 drawable from surface water sources and 396 km3 drawable from ground water

sources. This is exclusive of the return ow resulting from additional irrigation, which will be about 170

km3.

Withdrawability of water largely depends on the existence or possibility of storage and diversion

structures and land availability. There are limits to the creation of such structures due to physiographic

conditions, environment considerations, extent of technology and problem of resettlement and

rehabilitation. Financial viability of projects for storage and diversion is also a major consideration.

The Commission has estimated that the total water requirements of the country in year 2050

would be about 973 km3 on the lower side and 1,180 km3 on the upper side, depending upon actual

population growth. These requirements take into account the water needs for drinking and domestic

use, needs for agriculture, environmental needs, industrial and power production needs, and

navigation. Irrigation is the dominant use and will continue to remain so. The proportion of domestic

use of water will grow from about ve percent at present to anywhere between nine and ten percent in

the next fty years.

It can be seen from these gures that the availability of water in year 2050 is barely adequate

to meet the requirements. It is rather a delicate balance and its realization depends on a number of

assumptions and actions. If any of those critical premises/assumptions do not turn out to be correct or

the required actions including storage of monsoon waters do not materialize, this delicate balance

between requirements and availability of water will be disturbed with serious implications for well

being of society. Of course, the projections, both of availability and requirements, are based only on

the present state of knowledge and technology.

346  



What is even more important to note is that this critical balance is achieved only at a national
scale. National water resources do not form a single pool from which water is easily
transportable/transferable to all the points of need. The availability of water is very unevenly
distributed over the countiy. There are regions with harmful abundance and regions with acute
scarcity. Floods and droughts cause damages sometimes simultaneously in different parts of the
country. Development of local water resources could help in harnessing more utilizable water in regions
of scarcity. Revival of local and traditional water storage structures, innovative methods of water
harvesting and integrated watershed development are the strategies which the Commission highly
recommends in this context.

The task before this Commission was to explore ways of meeting the challenge of balancing
future water needs with availability. Water needs have to be met with methods and means that are
sustainable over time. Short period solutions do not work in this area. Sustainability has to be ensured
both from the point of view of meeting the developmental needs and preserving the eco-systems. The
Commission rmly believes that this challenge can be met if we adopt a scientic approach in exploring

h all the possibilities and objectively evaluating their feasibility and impact from human, technical,
economic, social and environmental angles. The Commission has striven to address the problem in this
spirit. Ideological attachment to a particular way of doing things will not be helpful in nding
acceptable and sustainable solutions, we believe.

We start with examining the needs and availability of water. The needs and availability are, in
the rst instance, examined independently of each other. Neither follows from the other. It is only
later that the issue of convergence between the need and the availability is examined and the
conditions of convergence are explored. At the back of our mind the needs again are in two parts. In
the rst part are those needs which are absolute like the need for drinking water, the minimum needs
for domestic use, water needed for food production or maintaining the eco-systems. In respect of
these needs certain norms have to be met and they are the rst charge on the availability of water.
Then there are the needs which are somewhat exible and where adjustments can take place both in
terms of norms and in terms of choice of activities, be it a cropping system or an industrial activity.
The second group of needs could be subjected to demand management to a large extent and it needs
to be done.

f . . _

Water consen/ation strategies need to be accorded highest priority everywhere. Public
awareness, sense of ownership and women's participation have to be adequately encouraged to make
water supply programmes more efcient and effective. People's participatory institutions and
panchayats and municipal bodies should be increasingly encouraged to shoulder the responsibility of
maintaining local water supply systems.

Local water resource development and management would be an important element of the
strategy of meeting the water needs of the future particularly in water-scarce regions. There is need to
lay emphasis on local water planning, water harvesting at micro level and integrated water shed
development. The traditional water storage structures which had gone into disuse need to be revived.
This is an area where people's participation is most important. At every stage, the people concerned
must be involved in planning, implementation and development of local water resources. The
participatory approach to watershed development would involve all individuals in any watershed area in
the process of planning a watershed approach and would secure their commitment to execute, monitor
and maintain the project even after completion. ‘E
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In case of water for domestic use, we have noted that at present there are marked differences

in urban and rural per capita consumption levels. We have taken the view that over time the urban

and rural standards of consumption will have to converge.

In estimating the water requirements for irrigation purposes, we have taken a view that food

security based on relative self-sufciency in food production is a national objective. Projections of

irrigation water requirements are also based on an important stipulation of constantly improving

irrigation efciency. Irrigation efciency is projected to go up from 35-40 percent at present to 60

percent in the year 2050 in the case of surface water irrigation, and from 65-70 percent at present to

75 percent in the case of ground water irrigation.

I Irrigation water management needs to be improved to raise overall irrigation efciency, reduce

costs and to see that creative potentials of irrigation are realized in practice. Formation of farmers’

organisations and transfer of irrigation management to them are important in this regard. The cropping

systems adopted and the agriculture practices should be in tune with the local water availability

situation taking into account the soil type, the drainage and other ecological factors. Available water

should be allocated according to assigned priority of use. Every care needs to be taken to see that the

irrigation system does not cause damage to the local environment and eco-system. Particular attention

needs to be paid to the maintenance of irrigation systems. The older systems have deteriorated for

want of proper and adequate maintenance.‘

Energy is crucial to economic growth. India has a hydroelectric potential of about 84,000 MW

at 60 percent load factor. So far, only 15 percent of that has been utilised. Further development of

hydropower needs to be given high priority. I

We need to evolve efcient strategies for coping with floods. While it is possible to moderate

the oods in certain situations to protect the habitats from the ravages of oods by embankments etc.,

in the long run our approach to floods has to be guided by the fact that the oods are not entirely

avoidable. Experience has shown that damages from oods in recent times have gone up more

because of man-made causes like encroachment in the ood zones. Encroachments in natural

depressions have accentuated ood peaks and caused inundation over large areas. Effective

measures, with legislative backing, may have to be adopted to prevent blocking or encroachment of

drains and lling of depressions and tanks.\

Since there are large disparities in the availability of water in different river basins, inter basin

Uansfer of water has been receiving attention. However, it may not be possible to persuade the states

to spare water till their own demand is met. In basins with possible surpluses, optimal utilization of

land and water has to be aimed at. Thus, only after meeting the essential requirements, if there is

surplus water available in the basin, its transfer to other basins may be considered. For decit basins,

the aim would be to meet domestic and industrial demand in full, but to achieve a lower cropping and

irrigation intensity than in case of well endowed or surplus basins. The overall approach is that

economic development of no part of the country should be constrained by shortage of water. At the

same time, the pattern of development could be different in states having adequate water and those to

which water may have to be transferred at high cost. I‘

Projects fori t b ‘ ' - - - .

n er asin transfer of water in substantial quantities over long distances would be

u an ingly large and complex. More scientic and en ' -

Such lar
gineering exploration and impact studies of

g programmes are required along with necessary institutional changes.
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In the context of existing problems and future needs, we need to focus much more on the
development of necessary legal and institutional framework. There is also the need to put in place an
effective mechanism for centre-state consultations on issues relating to water.

There is an urgent need for enactment of a law on inter-state rivers, in the place of the River
Boards Act, which inter-alia may provide for the constitution of River Basin Organisations. This act may
also provide for the studies to be made by the Union for possible inter-state inter-basin transfers, so
that the work of NWDA has statutory backing and the organization would be able to obtain information
and cooperation for the studies.

There is need for institutional arrangements with the requisite legal backing for making the
states to come together for holding serious discussions on sharing of waters including diversion to non-
basin states, ultimately paving the way for reaching an agreement on the basis of mutual needs.
Several innovative ways are possible. One such arrangement could be through mutual discussion and
arriving at an agreement by the River Basin Organizations of the respective basins. Efforts for seeking
mutual agreement on inter-state water disputes should rst be made at the river basin level, through
the mechanism of the River Basin Organisation (RBO). Legal and institutional mechanisms are also
needed for monitoring exploitation of ground water in all places and for its regulation in ‘dark’ and ‘over
exploited’ areas, where ground water use needs to be regulated without delay. '

We have made detailed recommendations in this respect including recommendations for
institutional development at village, state, basin and national levels.

' The water sector as a whole suffers from nancial inadequacy and mismanagement. The
nancial inadequacy is largely a consequence of strained public sector resources. Funds going into the
sector have shrunk and have been spread over an increasingly large number of projects. It is urged
that more attention be paid to this sector in terms of adequate nancial allocations under the Plans.

Mis-management has developed in the sector over time as water rates do not get revised for long
periods and have become inadequate even to cover a fraction of the maintenance costs. With the
inadequacy of availability of public funds in general, the maintenance of projects has suffered the
most. The situation needs to be remedied urgentlyf. The Commission has made a number of detailed
recommendations in this regard. In the urban domestic water supply sector also, our view is that the
principle of recovely of ‘user charges’ should be adopted to the maximum possible extent.

The water sector and particularly the irrigation sector is loaded with a very large number of on-
going major projects, which have been under construction for decades. This results in waste of
nancial, physical and human resources which remain locked for a long time without producing returns.
Hence, there is a need to prioritize projects and complete them quickly in order of priority.\.We have
worked out a detailed grading system for projects and recommend that this grading system be adopted
to prioritize projects in each state and the release of plan funds by the Planning Commission be based

on such prioritisation.

In an era of emerging water shortages, we cannot but look beyond our frontiers in planning for
India's water future. The Himalayan Rivers are shared to a very large extent and there is a hydrological
unity in them. Ignoring these ground realities can only result in warped national planning that falls
short of optimization and maximization of benets} Regional cooperation in water and energy
development offers solutions to many national problems and will speed up both national and regional
development with a strong bonding of good neighbourliness and interdependence among the countries
for mutual benet.
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\ An optimized and integrated development of South Asian and Trans-Himalayan river waters

calls for cooperation among the countries on data and information sharing and preparation of

perspective plans. Trans-Himalayan Rivers have great potential for enhancing water availability and

hydropower. International cooperation is required for moderating oods and for using the river systems

for navigation. Transparency, public awareness and stakeholder participation are the pathways to

future water resource development. This will be more so in respect of trans boundary projects. There

is need to develop genuine consensual approaches, and towards this end, to develop new and

strengthen the existing mechanism to build up data bank and clearinghouse of information. Capacity

building for regional water resource development is also necessary and in this context the role of

universities, research institutions and NGOs has to be adequately recognized and promotedf]

Integrated management of water resource should be based on the treatment of water as an

integral part of the eco-system and as a natural resource whose quality and quantity determines the

nature of its utilization. Water use, in turn, has its impact on water quality and therefore utilization of

water has to be so managed as not to contribute to the deterioration of water quality.

We have made recommendations in respect of protection of water quality and aquatic water

systems, control of surface and ground water pollution, maintaining minimum ows of water in major

rivers, assessment of environmental impacts of projects and integrating remedial measures with

project implementation. Adoption of ‘polluter-pays’ principle and standards of resettlement and

rehabilitation of displaced persons is also recommended. Water is also related to health issues. The

fast growing urbanization, lack of water delivery and sanitation facilities and poor system maintenance

are resulting into water contamination and increasing incidence of water related diseases. Improving

the quality of drinking water, ensuring proper sewage disposal and providing more water for both

personal and domestic hygiene are keys to prevention or control of major diseases.

Water resource development is to be seen not merely as a single-sector-end objective, but as a

prime mover in developing larger systems with multiple linkages. This calls for a well set out multi-

disciplinary research agenda covering not only technological issues but also issues of social, economic,

legal and environmental concerns. A trained, motivated manpower being the backbone of any

developmental activity, in the water resources sector also, there is need for human resource

development. The kind of approach suggested requires multi-level training of personnel involved in the

sector to undeitake the challenging tasks ahead.

The challenge in water sector is to simultaneously take care of the needs of development and

environmental health and thereby ensure the sustainability of development. The problems are not

beyond the present state of knowledge and technology. Given the needed political will and societal

awareness, the nation shall be able to meet the challenge.‘
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10.

ll.

12.

13.

14.

15.

16.

17.

I 18.

l 19.

20.

To evaluate the present development mix alongwith formation of environmental

management plans for prevention or mitigation of adverse impacts from the development

projects both existing and those in the pipeline.

To assess environmental impact of large projects and interbasin water transfer links.

To obtain information about water logging, salination, sedimentation of reservoirs and

sedimentation of distribution network.

To examine if losses of diversity in plant life through large irrigation projects constitute

ecological risks.

To examine the role of irrigation paddy as a contributor of green house gases.

Need for internalisation of environmental concerns within water resources institutions,

instead of having separate institutions for developmental and environmental concerns,

apparently working at cross purposes.

To suggest norms for the quantication of the environmental costs and benets with and

without project development. -

To evolve criteria for improving sustainability of water resources projects.

To assess the economic value of environmental action and attempt to quantify the

intangibles.

To establish environmental management systems, create reliable environmental data base

and eco-systems, rehabilitation as well as strengthening the institutional support.

To assess the minimum ow requirements downstream of water resources structures for

maintaining the ecological balance.

To identify various activities causing surface water & ground water pollution and suggest

the suitable controlling measures.

To collect information about the positive & negative environmental impacts of water

resources projects in India and abroad.

To assess the information on management of wetland systems & mangrove, coastal land for

sustainable development.

To assess water quality, water borne diseases, health and dam safety.

To assess the need of having transparency and public hearings for developmental projects.

Any other related issues.
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Working Group on “Inter-basin Transfer of Water”

Terms of Reference

To assess the availability of water in each river basin, its potential use for sustainable
development, and transfer, if there is any surplus available.

To evaluate the modalities of interbasin transfer, the need for storage, the conveyance
links, and other hydraulic structures and their phasing.

To study the need for enabling legal instruments including, if necessary, constitutional
amendment for implementation taking into account existing interstate accords, tribunal
decisions and to review the role of the Union Government in interbasin transfer particularly
to non-basin States.

To evaluate the economic viability of interbasin transfer, to suggest guidelines for economic
analysis and allocation of costs and benets to different components.

To assess the socio-economic and environmental impact due to interbasin transfer including
R & R requirement.

To study the possibility of private funding and soft loans, from international agencies for
implementation of interbasin water transfer, considering their primary role in providing food
& employment and thus maintaining regional tranquility.

Need for future research.

Working Group on “Prioritisation of Ongoing and New Projects Together with
Phasing"

Terms of Reference

To have information and recommend guidelines for prioritisation of ongoing projects
considering the following:

(a) Limitations of the availability of nance and to make reasonable projection for future
nancial requirements.

(b) Need for prioritising projects nearing completion and to recommend the procedure so

that the benet starts showing at the earliest.

(c) The nancial problems of the projects because of inadequate nancing, consequent
delays which lead further to increase of residual cost due to ination and increase of
interest rate etc.

(d) Need felt by State Governments to maintain regional balances in regard to spending
money in projects.
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(e) Need for completing projects giving substantial domestic water supply benets on h|gher

priority.

(f) Need felt by State Governments to complete some projects on priority, in view of

interstate aspects.

2. To evaluate the possibilities of phasing projects to that ponding the resen/oirs only when it

becomes possible to use the spread water, thus reducing sedimentation.

3. To discuss, how, phasing of a project for early start of irrigation in head reaches with

plentiful waters should not lead to problems like water logging, changes in cropping pattern

which are difficult to correct, and larger maintenance problems on main canal flowing with a

small discharge (learning from Sri Ram Sagar and Indira Gandhi Nahar Pariyojana phase-I).

; 4. To review the need for pilot and experimental crops being watered by ground water till the

L storage project comes up, to help in phasing and quick development.

5. To recommend guidelines about the overdraining of ground water in the command of the

project which is under construction, before surface water irrigation starts, and allow

rebuilding of ground water later on.

6. To recommend the methodology to be adopted for phasing of hydropower projects so that,

with suitable rating of design head, the powerhouse can start functioning with partial

ponding.

7. Any other related issues.

Working Group on “International Dimensions of Water PIanning"

Terms of Reference

Need for/possibilities of cross-border cooperation in : (a) environmental protection

measures, conservation of scarce natural resources, maintenance of water quality,

preservation of wetlands, etc; (b) flood/disaster preparedness, management and mitigation

of damage ; (c) promotion of inland water transport.

The looming global water shortage in relation to population growth and sustainability.

3. Cooperation in the generation/sharing/processing of data and information relating to all of

the above.

4. Possibilities of enhancing the usefulness and effectiveness of national planning through _

coordinated planning across borders; possibilities of cooperation in water resouroes

development, management, utilisation and conservation, including joint projects I

programmes where feasible and desirable.»



5. Relations with neighbouring countries in the area of water resources, and their bearing on
national planning, keeping in mind the desirability of optimising benets, avoiding conicts
of interests, and ensuring fairness, equity and no harm to any pany.

6. Emerging international water law (e.g. the International Law Commission's draft now before
the United Nations), Conventions and basin agreements, e.g. Mekong.

7. Any other related issues.

1
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Annexure-1.4

Composition of Sub-Groups for Working Group on “Water Management for Agriculture,

Hydropower, Flood Control and Other Allied Sectors"

Sub—Group Subject Name of the Convenor &

N0. Members of the Sub—Group

I. Water Management Convenor:

Shri M.G.Padhye,
4, Bharat Kunj,
2 Ganesh Nagar Road,

Pune — 411 O38.

Members:

i. Sh. B.N. Navalawala,
Adivisor(I&CAD),
Planning Commission,
207, Yojana Bhawan,
New Delhi.

ii. Sh. C.D. Khoche,
Chief Engineer(IMO),
Central Water Commission,

Sewa Bhawan, R.K. Puram,

New Delhi.

iii. Shri M.R.Dighe,
Executive Director,
Godavari — Marathawada Irrigation

Development Corporation,
CADA Bhawan, Garkheda Road,

Aurangabad -431 001,

Maharashtra.

iv. Shri Muthukumarsamy,
Retd.Chief Engineer &
Director, Public Works Department,

Institute for Water Studies,

Taramani,
ChennaF600113,
Tamil Nadu.
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v. Sh. O.T. Gulati,
Chief Engineer(CAD) &Jt. Secretary, Narmada
and Water Resources Deptt., Block No.9,
2nd Floor, New Sachivalaya,
Gandhinagar-382010.

vi. Sh. P.B.S. Sarma,
Ex-Director,
Water Technology Centre,
IARI, Pusa Road,
New De|hi—110012. 7

II. Canal Automation Convenor:

Sh. A.B. Mandavia,
Chief Engineer & Director,
WALMI, Anand(Gujarat).

Members:

i. Sh. P.M. Soni,
Chief Engineer, Sardar Sarovar
Narmada Nigam Ltd.,
Block No.-12,
New Sachivalaya,
Gandhinagar-382010.

ii. Sh. H.K. Pasarate,
Superintending Engineer,
Jayakwadi Project Circle,
Aurangabad,
Maharashtra.

iii. Sh. S.B. Kulkarni,
Joint Director,
CWPRS, Post-Khadakvasla,
Pune-411024.

iv. Sh.R.D. Sharma,
Chief Engineer, CAD,
Indira Gandhi Nahar Project,
Bikaner(Rajasthan).
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III. Equitable Distribution & Convenor:
Water Users’ Participation

Shri O.N. Bajpai,
Retd.Chief Engineer,
Department of Irrigation,UP,
C-9/9272 Vasant Kunj,
New Delhi

Members:

i. Sh. M.A. Bandi,
Chief Engineer(MI) & Jt.Secretaw, Narmada &
WaterResources Deptt., Block No.9,New

Sachivalaya,
Gandhinagar — 382010.

ii. Sh. A.N. Mistry,
Director and Chief Engineer,
Water and Land Management
Institute, Post Box No.80,
Anand(Gujarat).

I\I. Water Logging & Drainage Convenor:

Shri C.D.Thatte,
Secretary General, ICID,
Nyaya Marg, New Delhi—11O 021.

Members :

i. Dr.N.K. Tyagi,
Director,
Central Soil Salinity Research Institute,
Karnal-132001(Haryana).

ii. Sh.T.P. Mathur,
Project Manager,
Rajad Project, CAD Building,
P.O.Box No.112,
New Green Mandi,
Kota-324007(Rajasthan).

iii. Shri P. B. S. Sarma,
Ex-Director,
Water Technology Centre,
IARI, Pusa Road,
New Delhi-110012.

l
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Flood Control

Pricing of Water & Micro
Watershed Development

iv. ' Sh. O.T. Gulati,
Chief Engineer(CAD) &Jt. Secretary, Narmada &
Water Resources Deptt., Block No.9, 2nd Floor,

New Sachivalaya, Gandhinagar-382010.

Convenor:

Shri R. Ghosh,
M-215, Sector-25,
Jal Vayu Vihar,
Noida-201301.

Members:

. Sh.B.P. Singh,
Member,
Ganga Flood Control Commission,
Sichai Bhawan, Patna-800015.

ii. Sh. S.K. Chakravorty,
Chief Engineer (P&D),
Brahmaputra Board, Basista,
Guwahati-28.

iii. Sh. A.N.K. Singh,
Chief Engineer, Flood and Delta,
Ofce of the Engineer-in-Chief,
Secha Bhawan,
Bhubaneswar-751001(Orissa).

\-

Convenor: \

Shri M.U.Purohit,
Ex-Secretary,
Narmada & Water Resources, GOG, Plot

No.287,“Nirant", Sector-20,
Gandhinagar-382020.

Members:

i. Dr. D. Ramakrishnaiah,
Deputy Commissioner(DPAP),
Ministry of Rural Areas and Employment, Block

No.11,
6th Floor, CGO Complex,
Lodhi Road, New Delhi — 110003.
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ii. Sh.P.C. Bodh,
Director(WRE),
Central Water Commission,
Room No.901(S), Sewa Bhawan,
R.K.Puram, New Delhi-110066.

iii. Sh.Gajendra Singh Chaudhari,
Chief Engineer,
Irrigation Department,
Government of Rajasthan,
Sinchai Bhawan,
Bhavani Singh Marg,
Jaipur-302004.

VII. (a) Hydro Power Convenor:

Sh.D.V. Khera,
Member(HEP),Central Electricity
Authority, Sewa Bhawan, R.K.Puram
New Delhi- 110066.

Members:

i. Shri O.N. Bajpai,
Retd.Chief Engineer,
Department of Irrigation,UP,
C-9/9272 Vasant Kunj,
New Delhi.

ii. Sh.Suresh Agrawai,
Principal Scientic Ofcer,
Ministry of Non-Conventional
Energy Sources,
Govt. of India, New Delhi.

(b) National Rehabilitation Convenor :

Policy
Shri M. G.Padhye,
4, Bharat Kunj,
2, Ganeshnagar Road,
Pune-411038.
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Members:

i. . Sh.N.B.Desai,
Secretary(Narmada),
Sardar Sarovar Narmada Nigam Ltd.,
Block No.12, New Sachivalaya,
Gandhinagar — 382010(Gujarat).

ii. Sh.V.K. Babbar,
Rehabilitation Commissioner,
Chief Executive Ofcer,
S.S. Rehabilitation Agency,
Vadodara.

VIII. Ground Water including Convenor :

Conjunctive Use
Shri Muthukumarsamy,
Retd.Chief Engineer &
Director, Institute for
Water Studies, Taramani ,

Chennai-600113.

Members:

i. Dr. S.P. Sinha Ray,
Member(SML), CGWB, NH-IV,
Faridabad-121001.

ii. Sh. A.S. Chawla,
26, Vishal Apartment,
5, Vasundhara Enclave,
Delhi — 110096.
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List of Officers of

Annexure — 1.5

the Secretariat of the National Commission for Integrated Water

Resources Development Plan

Officers:

1. Shri A.D.Mohile (13-9-1996 to 15-4-1997) Director General, NWDA

2. Shri Z. Hasan (16-4-1997 to 9-2-1998) Director General, NWDA

3. Shri B.K. Mittal (10-2-1998 to 7-5-1998) Director General, NWDA

4. Shri R.K. Parashar (8-5-1998 onwards) Director General, NWDA

5. Shri S.B. Suri Chief Engineer, NWDA

l
.

;* 6. Shri B.M. Jha Director, CGWB

\ 7. Shri Rajesh Kumar (Upto 30-6-1999) Director, NWDA

9 8. Shri P.R. Chopra '

9. Shri A.K. Sharda
Scientist (50'\\$), NWDA

10. snn K.P. Gupta Diremn NWDA

11. Shri s.c. Awasthi DQPUW D"e¢t°" NWDA

12. Shri J.S. Taneja DEPUW D‘_'e¢‘°" NWDA

1 13. Shri K.K. Bansal DEPUW D"e°‘°" NWDA

14. Shri V.K. Sharma (Unto 11-2-1998) Denuw Director’ NWDA

15. Shri S.K. Sinha
Assistant Director, NWDA

16. Shri R.K. Kharbanda
Assistant Director, NWDA

17. Shri K.K. Rao
Assistant Engineer, NWDA

18. Shri H.D. Kumar(Upto 20-7-1998) Assistant Engineer, NWDA

Director (Technical), NWDA

19. Shri T.M. Sampath
PS to Director General, NWDA

20. ShriSushilKumar(19—8-1998
onwards) Stenogrannemr-1
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Supporting Staff:

1. Shri N.J. Sarode Stenographer Gr.II, NWDA

2. Shri Dalip Singh Stenographer Gr.II, NWDA

3. Shri M. Satyanarayana Stenographer Gr.II, NWDA

4. Shri Rajpal Arora Stenographer Gr.III, NWDA

5. Shri Kamaljeet Chauhan D'man Gr.III, NWDA

6. Shri A.P. Patra U.D.C., NWDA

7. Shri Nanak Chand L.D.C., NWDA

8. Shri Mukesh Kumar L.D.C., NWDA
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Annexure—2.1

l

j NATIONAL WATER POLICY, 1987
l

,

The Need for a National Water Policy

1.1 Water is a prime natural resource, a basic human need and a precious national asset. Planning

l and development of water resources need to be governed by national perspectives.

1.2 It has been estimated that out of the total precipitation of around 400 million hectare metres in

l the country, the surface water availability is about 178 million hectare metres. Out of this,
about 50% can be put to benecial use because of topographical and other constraints. In

addition, there is a ground water potential of about 42 million hectare metres. The availability of
l water is highly uneven in both space and time. Precipitation is conned to only about three or

four months in the year and varies from 10cm in the western parts of Rajasthan to over 1000

cm at Cherrapunji in Meghalaya. Further, water does not respect state boundaries. Not merely

rivers but even underground aquifers often cut across state boundaries. Water as a resource is

one and indivisible : rainfall, river waters, surface ponds and lakes and ground water are all part
of one system; water is also a part of a larger ecological system.

1 1.3 Floods and drought affect vast areas of the country, transcending state boundaries. A third of
the country is drought-prone. Floods affect an average area of around 9 million hectares per

year. According to the National Commission on oods, the area susceptible to oods is around

40 million hactares. The approach to the management of drought and oods has to be

coordinated and guided at the national level.

1.4 Even the planning and implementation of individual irrigation or multi-purpose projects, though
done at the State level, involve a number of aspects and issues such as environmental
protection, rehabilitation of project-affected people and livestock, public health consequences of
water impoundment, dam safety etc. On these matters common approaches and guidelines are

necessary. Moreover, certain problems and weaknesses have affected a large number of
projects all over the country. There have been substantial time and cost overruns on projects.

In some irrigation commands, problems of water logging and soil salinity have emerged, leading

to the degradation of good agricultural land. There are also complex problems of equity and

social justice in regard to water distribution. The development and exploitation of the country's
groundwater resources also give rise to questions of judicious and scientic resource

management and conservation. All these questions need to be tackled on the basis of common

policies and strategies.

1.5 The growth process and the expansion of economic activities inevitably lead to increasing

demands for water for diverse purposes: domestic, industrial, agricultural, hydro-power,
navigation, recreation etc. So far, the principal consumptive use of water has been for
irrigation. While the irrigation potential is estimated to have increased from 19.5 million

hectares at the time of Independence to about 68 million hectares at the end of the Sixth Plan,

further development of a substantial order is necessary if the food and bre needs of a growing

population are to be met. The country's population which is over 750 million at present is

expected to reach a level of around 1000 million by the turn of the century.
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1.6 The production of foodgrains has increased from around 50 million tonnes in the fities to about

150 million tonnes at present, but this will have to be raised to around 240 million tonnes by
the year 2000 A.D. The drinking water needs of people and livestock have also to be met. In
keeping with the objectives of the international Drinking Water Supply and Sanitation Decade
Programme (1981-1991), adequate drinking water facilities have to be provided to the entire
population in both urban and rural areas and sanitation facilities to 80% of the urban population
and 25% of the rural population by the end of the decade. Domestic and industrial water
needs have largely been concentrated in or near the principal cities, but the demand from rural
society is expected to increase sharply as the development programmes improve economic

‘ conditions in the rural areas. The demand for water for hydro and thermal power generation
and for other industrial uses is also likely to increase substantially. As a result, water which is
already a scarce resource will become even scarcer in future. This underscores the need for
the utmost efciency in water utilization and a public awarensss of the importance of its
conservation.

~

1.7 Another important aspect is water quality. Improvements in existing strategies and the
innovation of new techniques resting on a strong science and technology base will be needed to
eliminate the pollution of surface and ground water resources, to improve water quality and to
step up the recycling and re-use of water. Science and technology and training have also
important roles to play in water resources development in general.

1.8 Water is one of the most crucial elements in developmental planning. As the country prepares
itself to enter the 215‘ century, efforts to develop, conserve, utilise and manage this important
resource have to be guided by national perspectives. The need for a national water policy is
thus abundantly clear; water is a scarce and precious national resource to be planned,
developed and conserved as such, and on an integrated and environmentally sound basis,
keeping in view the needs of the States concerned.

Information System

2. The prime requisite for resource planning is a well-developed information system. A
standardised national information system should be established with a network of data banks
and data bases, integrating and strengthening the existing Central and State level agencies and
improving the quality of data and the processing capabilities. There should be free exchange
of data among the various agencies and duplication in data collection should be avoided. Apart
from the data regarding water availability and actual water use, the system should also include
comprehensive and reasonably reliable projections of future demands for water for diverse
purposes.

Maximising Availability

3.1 The water resources available to the country should be brought within the category of utilizable
resources to the maximum possible extent. The resources should be conserved and the
availability augmented by measures for maximising retention and minimising losses.

3.2 Resources planning in the case of water has to be done for a hydrological unit such as a
drainage basin as a whole, or for a sub-basin. All individual developmental projects and
proposals should be formulated by the States and considered within the framework of such an
overall plan for a basin or sub-basin, so that the best possible combination of options can be
made.
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3.3 Appropriate organisations should be established for the planned development and management
of a river basin as a whole. Special multi-disciplinary units should be set up in each state to
prepare comprehensive plans taking into account not only the needs of irrigation but also
harmonising various other water uses, so that the available water resources are determined and

put to optimum use having regard to subsisting agreements or awards of Tribunals under the
relevant laws.

3.4 Water should be made available to water shoit areas by transfer from other areas including
transfer from one river basin to another, based on a national perspective, after taking into

account the requirements of the areas/basins.

3.5 Recycling and re-use of water should be an integral part of water resource development.

Project Planning

4.1 Water resource development projects should as far as possible be planned and developed as

multipurpose projects. Provision for drinking water should be a primary consideration. The

projects should provide for irrigation, ood mitigation, hydro-electric power generation,

navigation, pisciculture and recreation, wherever possible.

4.2 The study of the impact of a project during construction and later on human lives, settlements,

occupations, economic and other aspects should be an essential component of project planning.

4.3 In the planning, implementation and operation of projects, the presen/ation of the quality of
environment and the ecological balance should be a primary consideration. The adverse impact,

if any, on the environment should be minimised and should be off-set by adequate

compensatory measures.

4.4 There should be an integrated and multi-disciplinary approach to the planning, formulation,

clearance and implementation of projects, including catchment treatment and management,

environmental and ecological aspects, the rehabilitation of affected people and command area

development.

4.5 Special efforts should be made to investigate and formulate projects either in, or for the benet

of, areas inhabited by tribal or other specially disadvantaged groups such as Scheduled Castes

and Scheduled Tribes. In other areas also, project planning should pay special attention to the

needs of Scheduled Castes and Scheduled Tribes and other weaker sections of society.

4.6 The planning of projects in hilly areas should take into account the need to provide assured

drinking water, possibilities of hydro-power development and the proper approach to irrigation

in such areas, in the context of physical features and constraints such as steep slopes, rapid

run-off and the incidence of soil erosion. The economic evaluation of projects in such areas

should also take these factors into account.

4.7 Time and cost overruns and decient realization of benets characterising most irrigation

projects should be overcome by upgrading the quality of project preparation and management.

The under-funding of projects should be obviated by an optimal allocation of resources, having

regard to the early completion of on-going projects as well as the need to reduce regional

imbalances.
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F-

Maintenance and Modernisation

5.1 Structures and systems created through massive investments should be properly maintained in
good health. Appropriate annual provisions should be made for this purpose in the budgets.

5.2 There should be a regular monitoring of structures and systems and necessary rehabilitation
and modernisation programmes should be undertaken.

Safety of Structures

6. There should be proper organisational arrangements at the national and state levels for
ensuring the safety of storage dams and other water-related structures. The Central guidelines
on the subject should be kept under constant review and periodically updated and
reformulated. There should be a system of continuous surveillance and regular visits by experts.

Ground Water Development

7.1 There should be a periodical reassessment on a scientic basis of the ground water potential,
taking into consideration the quality of the water available and economic viability.

7.2 Exploitation of ground water resources should be so regulated as not to exceed the recharging
possibilities, as also to ensure social equity. Ground water recharge projects should be
developed and implemented for augmenting the available supplies.

7.3 Integrated and coordinated development of surface water and ground water and their
conjunctive use, should be envisaged right from the project planning stage and should form an
essential part of the project.

7.4 Over exploitation of ground water should be avoided near the coast to prevent ingress of sea
water into sweet water aquifers.

Water Allocation Priorities

8. In the planning and operation of systems, water allocation priorities should be broadly as
follows :

- Drinking water
- Irrigation
- Hydro-power
- Navigation
- Industrial and other uses.

However, these priorities might be modied if necessary in particular regions with reference to
area specic considerations.
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Drinking Water

\ 9. Adequate drinking water facilities should be provided to the entire population both in urban and
in rural areas by 1991. Irrigation and multipurpose projects should invariably include a drinking
water component, wherever there is no alternative source of drinking water. Drinking water
needs of human beings and animals should be the rst charge of any available water.

, Irrigation
l;

» 10.1 Irrigation planning either in an individual project or in a basin as a whole should take into
, account the irrigability of land, cost-effective irrigation options possible from all available

sources of water and appropriate irrigation techniques. The irrigation intensity should be such
il as to extend the benets of irrigation to as large a number of farm families as possible, keeping

‘ in view the need to maximise production.

10.2 There should be a close integration of water-use and land-use policies.

l 10.3 Water allocation in an irrigation system should be done with due regard to equity and social
l‘ justice. Disparities in the availability of water between head-reach and tail end farms and

between large and small farms should be obviated by adoption of a rotational water distribution
system and supply of water on a volumetric basis subject to certain ceilings.

10.4 Concerted efforts should be made to ensure that the irrigation potential created is fully utilised
and the gap between the potential created and its utilisation is removed. For this purpose, the
command area development approach should be adopted for all irrigation projects.

“ Water Rates

11. Water rates should be such as to convey the scarcity value of the resource to the users and to
foster the motivation for economy in water-use. They should be adequate to cover the annual
maintenance and operation charges and a part of the xed costs. Efforts should be made to
reach this ideal over a period, while ensuring the assured and timely supplies of irrigation
water. The water rates for surface water and ground water should be rationalised with due
regard to the interests of small and marginal farmers.

Participation of Farmers and Voluntary Agencies

12. Efforts should be made to involve farmers progressively in various aspects of management of
irrigation systems, particularly in water distribution and collection of water rates. Assistance of
voluntary agencies should be enlisted in educating the farmers in efcient water use and water

‘ management.

; Water Quality

' 13. Both surface water and ground water should be regularly monitored for quality. A phased
programme should be undertaken for improvements in water quality.
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Water Zoning

14. Economic development and activities including agricultural, industrial and urban
development, should be planned with due regard to the constraints imposed by the
conguration of water availability. There should be a water zoning of the country and the
economic activities should be guided and regulated in accordance with such zoning.

Conservation of Water

15. The efciency of utilisation in all the diverse uses of water should be improved and an
awareness of water as a scarce resource should be fostered. Conservation consciousness should
be promoted through education, regulation, incentives and disincentives.

Flood Control and Management

16. There should be a master plan for ood control and management for each flood prone basin.
Sound watershed management through extensive soil conservation, catchment area treatment,
preservation of forests and increasing the forest area and the construction of check-dams
should be promoted to reduce the intensity of oods. Adequate ood-cushion should be
provided in water storage projects, wherever feasible, to facilitate better ood management.
An extensive network for ood forecasting should be established for timely warning to the
settlements in the ood plains, along with the regulation of settlements, land and economic
activity in the ood plain zones, to minimise the loss of life and property on account of oods.
While physical ood protection works like embankments and dykes will continue to be
necessary, the emphasis should be on non-structural measures for the minimisation of losses,
such as flood forecasting and warning and ood plain zoning, so as to reduce the recurring
expenditure on ood relief.

Land Erosion by Sea or River

17. The erosion of land, whether by the sea in coastal areas or by river waters inland, should be

minimised by suitable cost-effective measures. The States and Union territories should also
undertake all requisite steps to ensure that indiscriminate occupation and exploitation of coastal
strips of land are discouraged and that the location of economic activities in areas adjacent to
the sea is regulated.

Drought Management

18.1 Drought-prone areas should be made less vulnerable to drought-associated problems through
soil-moisture conservation measures, water harvesting practices,the minimisation of
evaporation losses, the development of the ground water potential and the transfer of surface
water from surplus areas where feasible and appropriate. Pastures, forestry or other modes of
development which are relatively less water-demanding should be encouraged. In planning
water resource development projects, the needs of drought-prone areas should be given
priority.

18.2 Relief works undertaken for providing employment to drought-stricken populations should
preferably be for drought proong.
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Science and Technology

19. For effective and economical management of our water resources, the frontiers of knowledge
need to be pushed fon/vard in several directions by intensifying research efforts in various

areas, including the following :

- hydrometeoroiogy;
- assessment of water resources;
- snow and lake hydrology;
- ground water hydrology and recharge;
- prevention of salinity ingress;
- water-harvesting;
- evaporation and seepage losses;
- economical designs for water resources projects;
- crops and cropping systems;
- sedimentation of reservoirs;
- the safety and longevity of water-related structures;
- river morphology and hydraulics;
- better water management practices and improvements in operational technology;

- recycling and re-use;
- use of sea water resources.

Training

20. A perspective plan for standardised training should be an integral part of water resource

development. It should cover training in information systems, sectoral planning, project

planning and formulation, project management, operation of projects and their physical

structures and systems and the management of the water distribution systems. The training

should extend to all the categories of personnel involved in these activities as also the farmers.

Conclusion

21. In view of the vital importance of water for human and animal life, for maintaining ecological

balance and for economic and developmental activities of all kinds, and considering its

increasing scarcity, the planning and management of this resource and its optimal, economical

and equitable use has become a matter of the utmost urgency. The success of the national

water policy will depend entirely on the development and maintenance of a national consensus

and commitments to its underlying principles and objectives.

' GOVERNMENT OF INDIA
MINISTRY OF WATER RESOURCES

NEW DELHI
SEPTEMBER, 1987

419



E
bg

N
ag

@
m

R
®

@
Q

Q
S

Q
O

85“
_m

_&
m

__

m
m

:

_®
m

®
W

V
N

;
“H

E
X

:

£2gm“;
3%mm
_&

W
_

M
E

N

Q
W

Q
Q

m
m

w
m

w
25$
9&

3
9“ENQSP

O
M

G
N

D
ag

N
26

IN
N
:W

Q
V

V

O
at

gm
:

gm
:

5%

m
g

N
m

h:
m

ag
M

O
M

W
Q

;

O
V

N
Q

W

Q
N

N
W

V
S

N
Q

N
E

N
M

K

2N
F
:2QWNWWwWU

N
R

N
“N_‘

€E
_w

n_W
w

E
N

E
N

U
N

E
H

N
Z

E
N

E
>

__m
>

____W
o

__N
'__C

0l
S

_E
M

___!
_;>

gn6
_U

N
___N

:N
_>

_
N

§w
=

w
___E

n__m
N

______m
U

_>
_

_w
‘___%

E
r__w

__m
N

U
C

N
O

M
___U

C
_

N
E

x
N

24

N
E

!
EW

8:
E

gm
_8_:__w

5og

N
m

__t__
O

m
m

m
m

w

V
N

N
N

E
N

K

_H
__m
I

U
__S

X
U

=
___<

U
m

tsgsm
I

N
U

‘_<
C

_m
m

_



“gag
ggEa32:
$5EH3

O
gg

8%

ggm
w

O;V
m

N

O
W

V
O

P$5
882gmw

g
2‘

‘

O
0;

O
X

Q
3

88$

E
S

Q

O
Q

W
Q

F
N

W
2‘

O
W

O
RK

E
N

8%
‘

03%

O
Q

U
N

W
O

Q
N

N
F

OPR
O

M

O
M

V
M

V
W

_

O
gg

O
R

Eg
Q

V
N

N
N

N
“

W
N

V
Q

N

E
m

a

OK
g

R
82

_
O

O
N

M
H

O
W

M
W

M
N

P

_

O
vw

nT
gag

88REx:
$$N
@

m
N

N
_

82“

_§MNNNKQN22D2at

%
__W

_w
_

Q
ggu

|N
£e_N

|_
Z

M
Q

U
w

Z
_U

C
_

B
E

w__gO
U

__/_
=

w
E

__N
>

_>
_

lsm
gm

m
C

E
_M

__U
_%

___
_C

__|_
E

N

_%
E

E
_<

O
E

_
B

EHO
E

S
X

N
U

N
J

:U
>

___N
0

>
6>

3_w
o

=
W

__5n_
_~

E
__m

_k_Y
_

_3>
_W

g0
*0£26gr_§_aw

B
M

g;
g__C

_%
m

___C
_m

_U
£32
F

0ream
2_N

E
_g

2_w
_(__’_W

_;_
8:N

>
%

O
0

B_U
_W

C
N

___w
_>

_
W

_U
>

E
_£U

:U
$_

__’_
_E

O
___

U
m

N
E

N
__n_

W
E

>
_”_

_m
$>

E
“O$2W$>E

“m
_m

E
>

_m
"_m

_
_g>

_”_"_m
_

£>
_”_"_w

2g_m
_"_m

"=
5

“O2U>
_”_"_>

>

___m
|2__xU

F
_F

_<
a_;22_w

I
82Em



823
E

3:
_$gm

__
Q

U
N

R
_m

w
;_N

_
gm

”:

E
d

gg:2ESggg

$2
gg
$2
$5
$2
$2
as8;

_v@
_l_U

N
Q

M
N

H
a?

$3®®N
@

®
_V

_W
H

E
Q

M
U

G
E

M

$33‘
an
$2
£3NQW

Q
W

Q
H

NO
E

T
Q

$3
a_@

®

$2$_N
M

E
N

V
®

$_V
_

_%
_:

$_\__Q
gm
__
m

m
@

___
Q

3;

Q
H

Q
O

gm
;

<
V

@
_@

Q
M

N
Q

N
H

N
O

W
Q

F
gm

:
gm

:
@

m
_

3

W
9;

$2
tad
Q

;
N_&

\‘~
C

H
E

N
3:
$2
P

M
3

9;
m

g
N8:$36%w
$3
as
as
Q

3“
gm

N
gé

Q
88

“N
E

G
aw
O82
gQ

®
3%

”
W3G

6
R

m

m
w

gd
__£N
22
0&

6
V

26
£N

m
g__V
E

S
Q

2W
N

Q
W

9

E
M

__
®

@
~

P
®

@
®

d
gO

9;
N

R
W

N
O

Q
H

N
O

M
H

N
aw
3:“
M

m
‘?

@
@

N
___

©
D

~
$

N
g

08%
w

as
‘2$_
D

9‘?
Q

W
Z

:
m

m
M

W
Q

Q
V

Q
N

S
3:

S
q:

:5“
V

Q
M

N
gqg
gag
O

33;
O

M
53

g$3
Q

3
m

g

C
Q

N
‘

3%
H

M
Q

O
N

N
$_9

N
a

EV@
n@

2:6
D

®
@

_@
8%
g_Q

_
Q

2
8%

S
S

6
m

g“
Ng@

®
®

M
W

$3an
gmFO2W

__
2:
3%
3V2:

M
N

____
@

@
@

_@
as
gm
R

F
@8Q

__
Q

__N
_

O
2___

E
d

®
©

___
M

:
56

$@
__

E
56

m
y

DQ
6;

@
$___

$2
O

M
_____

O
:__

®S
Q

ad
Q

‘

O
m

:
©NN

N
M

236
23$
E

x
m

W
g_®

H
K

N
M

W
8;
RQRWQ

M
W

N
am

g

Q
Q

N
M

W
R

5“
N

Q
V

M
M

H
N

Q
Q

M
N

m
gg

Q
_______‘$

O
E

W
Q

V
Q

gqgy
“E

N
$2
_:
‘H

E
N

@
g

E
9

2::
E

N
G

g:
©

@
Q

®
_

5g_
8;Maw
M

;
M

W
“:

Q
M

“
£_
QQ

;

=2“F32NF FF8Q@NMUm‘
28
N

i
E

E
gs
gsNi:
2E
S

E__$>
_____V

_
E

;
#5“

__$>
\”_E

_
5“;

_n_5_
h:>

\nE
v_

__O
____E

“E
x

33

_£_w
>

>
__E

___p_o

m
___g_8a

__N
__E

N
h

E
9:

:N
=

C
=

<
%

E
N

>
$

>
>

°_h_
um

___w
___U

2
uU

____°$”_
__g____<

_>
<

_

E
O

E
u_%

m
___S

ho“;
______O

__m
__2N

>
>

___S
O

__a
U

3
“£5;
ggiw

_£__2O
“_

C
O

:
5:4

_<
_0V

-__<
_u3_~

m
___‘__

M
86

:82
~

24
U

N
_n_p_o

396
$3
B

gohu
“N

Z
_u3g__H

M
m

_E
__“_w

z
|N

__m
____~

_%
~

_
_N

_O
___

U
__$___5

__2_“_>
>

_=
__w

l_w
_______°n_

~
__9___F

_s~
°

m
im

um

5:
as
35:$3g333

8850
$350
gig
__g:8
<

8
$28
52
A

202

8__s___gm
_

I
$8n_‘___n_

%
__U

>
E

heUM
:

__£§>
_uU

u_U
U

“E
_

H
O

>
__N

E
E

=
w

N
_m_

U
_=

_X
U

=
___<



_
2%gm

_
"m

g
i

S
N

"
3:MR

“

0'0Q0 O
G

d

Q
0O6D

Q
C

Q
NNNmgED gm£NmgED

rN
N

_‘K
‘

2 Q
RSNOQQ

N
F

FNUQC
?

7

Q
M

“
O9‘3WmQN

N
8_‘N3 QM

W
Q

9‘

2% OW
N

asM;
‘N

85$3S3 E
N

‘
2

_

‘
QRV

O
N

‘
F

FG6IW\__®
N

“N
‘

D
P‘N®M$

©Q3 P
NN__gmEBQ?: F“N@

Q
Rmg

W
V

N3®__D
_

___Q
m

w
32 :_NMQ

:&ENQSK
g gmNW2:3m__we 2

S
:Q:

N
3

_
392em

f
3

‘
3 3Er:2

fapg we
_

g2%gsON
?
3Z

: 2:MNNO
N

82

3gM
3‘

N
Qgg"&NFWNQNm

g Q22m
s

O

19$
Q

?“
P

E
N

Q
H

W
N

Q
M

E
2“OmV_V

N
0:‘N_W@NQW®E m

g23
I

‘ L

m
g

N8Q5 N
3g

_
$9@gmm

aQ3 NOMmg0%mamCg

m
sEbZNwe

‘
$8

‘
8%

;
Q

R N:mg@5m
g:%gm DE

N

D
9:_@ V2Q

Q
N

‘
$22:

u
m

m
?

mNEN2
‘

O
O

®
_O

‘
$8g

‘
2m

g 2
_

N
u

82Q;:2 2
J

3Q
N

B
N

E
8£8 EN

D

3PmWN:QQ3: 2N_@SM
:9WWEF $288

Q
9‘

®
_©

®
N

d QR3%£9OWNQ:
‘

Q
M mm

w
Q

5WE
N

m
N

:\
M

W
Q

N
®

N
__

D
§_U

O
_~

_

N
9?“
2%22gm

w
‘Q

O
Q

Q
N

N
N

_\y®
@

NQ
:Pg:

‘
H

W
E

U
N

@Q
“:

@
@

m
@

Q
B

N
N

V
Q

N
A

W
3

W
Q

Q
N

N
N

N
Q

M
:

Q
E

U
W

N
Q

Q
N

‘
‘C

‘
‘

m
g

m
g NB

?
8N

555
‘W

Q
N

N
F

-Q
N

“V
G VVQ

U
‘Q

G
N

‘
P

B
®

W
m@©N

_@
‘

rgm
‘

8;gm
”

_E
O

@

8WM
Q

MQM
_

N
M5Q

M WNMNFNQNDN¢N MNNN_NON

"E
x

“E
x

"E
x

‘ "E
x

"E
x

"E
x

‘"E
x

"E
x

“ex‘ "E
x

‘ "E
x

‘"E
x

‘
E

525 N___E
25

‘
N

___E
E

E

5:335533F5:E: 5:5:gs5:gs 5:
$3 838883EO

N
gS

333 83$38833SO
N

5: Z388333E
S

i\_~m
>

am
;

hag
E

m
;

__g>
‘_~

m
>

hug
E

m
>

5; E3E;DSN<633<6$2soso $2<6_g(6_M
@

so

gm
:

M
U

M
:

gm
: __O

€9_____
E

O
E

__O
“N

g_____

__<
__O

u_
asBun;
__<
E

°__H
_

30E
__<
heNW

:
__2_w

>
>

__O
€m

:___
__O

“_
33EO

E
_______;§
hemm

:
__2N

>
>

A
46“

__2~
>

>:29

‘N
Z

U
U

m
O

Q
p_“_

E
aw

m
_uU

w
2_°\_n_

WE
3_ugg_O

__n_
‘V

__3_~
>

>
62_uwW

g°__n_
_um

m
O

_O
‘_n_

IE
ek

E
W

°_°__n_
_E

_66 _
E

2
_§_~

m
_t_

$20
LE

N
;

m
U

N
tU

M
_

$3
“é_~

9_____
$20

N
d__o_____xQ

=
=

<
U

m
_>

>
___W

g|$m
O

_"_;n_
U

E
O

Z
Q

__O
h__

U
M

:
__U

n__>
>

_vB
_~

U
U

“O
____

$0 ?_s___E
__m



I!it
I833

:N
___N

iI
agh:38

E
_g_

I____g_

D
H

N
a

m
g

m
g

5R
:

‘___“w
N

‘N
onF

!;l“om
m

!__:‘
N

m
_m

;_
w

m
glélm

gm
E

im
w

ilm
m

gI
cam

I
ga
m

g
!};O

m
_‘_ii

om
“

:1
O

S
tim

s
1!

m
g

N
I“

O
8

bf,

“
ill

E
]-

I!
‘$1.

“I1
{\[!
IP

F

M
W

FFE
R

Q
H

Q
Q

NQ_&
m

§
®

®
W

N
@

V
N

N
gm

m
ENW

D
Q

1 l‘!
‘__

K
‘

ix‘
‘lg’

‘ll
K

,‘
}

D
E

N
m

a
Q

;
N

E
‘

O
:

Q
9‘

v2\_N__
N

o
‘1"““l|‘__]

Iv“;
IQlillxI

I
l'lli
I

O
@

@
_O

©
®

gm
w

g
Q

Q
Q

N
m

m
__
EEW

O
N

m
w

m
:

Q
N

@
@

_‘
_~

_M
_N

Q
‘

gm
:

VI1][["£11
It“

‘ll
‘ll!
K
‘l‘&

3%
;

m
N

®
W

£2
W

g
O

O
M

K
gs
$65
__H

©
\_

O
O

M
V

‘:1
:1

E‘
“II

‘|}[
II!‘
‘ll

Q
Q

IQ
N

F
F

O
g_9‘

‘
Q

85?
N

®
N

O
_

3éas88NEE
‘

55
‘

g

gU
®

N
O

Q
N

Q
Q

N
N

N
N

m
g

R
N

N
W

N
NKM

2
N

2
\‘|l
'\ll1l“\\

“|\\"
r\l‘l-I

l‘1_:;
‘I.'\\‘\

F]‘|‘
“I

“l
l‘l_!’\

m
g“

m
i

W
:

m
:

N
:

w
e

m
ow

_B
__

m
m

m
w

“‘_
-i.I‘l““l‘

‘l11
l“]‘
_ I![I

|_v[}“‘|"']!__

m
o

5Q
N

M
gm
m

m
“

m
g

M
N

N
Q

“
m

m
“

%
W

O
N

<
0“

F
iji?

“:5!
IV

’
Z"1

E
‘

‘KI':‘I"[‘l‘‘
13'§‘1]I11.!"!'i‘l‘

S
N

E
N

2N
E

N
S

N
V

8
2:
M

:
N

:
S

:

ggdg
V

88
m

ag
O

N
W

N
N

gm
$5

m
am

a
ég
$3?
gar
$5?

‘
r|‘vl“‘_
I‘Ill‘.

1‘7%‘
‘V_"1'‘

5|:
5:‘1_|_l

“‘|__
Ill‘
I‘

‘Q
F

IQ
N

Q
08%
__m

_&
8
I

Q
U

W
N

N
Q

O
O

N
N

m
N

m
m

N
ag

Q
N

W
V

N
V

V
S

N
W

O
O

O
N

9&
2‘

‘"\‘
{I!‘I’“

‘:1:
:3

E‘‘

ooom
m

gm
m

E
8

E
5

D
i

N
O

V
W

m
am

8%
N

W
9”

“m
a

w
w

w
w

N
m

N
N

1

032$
NEN

?
m

g?
"$2
gee
O

82
O

M
02‘

N
95

:9:
m

g:
Q

38
‘

O
M

K
O

F

m
g;

S
:

g:
m

m
:

59
S

9‘
go?
S

N
Q

?“
S

R
m

m1:
list

i“!
‘Y

ltiklg
v_

V
"

““
1(;1‘1

“ii
“E

;
}is“I1‘

gm
gow

one
w

N
O

__
om

?
QS

P
m

g
m

g
m

g
gm
gm
gm
gm‘I_'__‘_vl‘‘!__1

]![
ii!‘

i__
IK

V
1

151“
I‘Y4!ll1'‘;‘‘ 1:‘:

l_|\

E
Q

O
N

M
@

@
EQ

M
6M

N
EgQH

M
E

“W
26

®gmgm
8%“F

3
‘mE

m
"

‘

S
Q

Q
O

V
M

S
Q

N
F

Q
R

N
F

V
N

M
N

F
N

M
”

5|_Q
N

M
W

:
V

N
M

W
:Q

9:
M

Q
M

E
NP

g
R

im
S

8
M

U
G

?‘:
1

W
N

N
:Nmg
Q

2
‘2;‘\_w_NM:

1“
;__
_9;

‘‘Q
2

‘E
m

g
E

’
vim

__O
:_8:

0&
9

m
i:

N
2‘:

N
w

o:
gm

?
#89
m

am
2:W
vw
22

N
Q

N
N

}
sm

ug

’m
m

_m
N‘,_I

Q
R

!__§:w
N

N
IIN

N
N‘

m
all!’

gm
!

“11ow
N

ii
w

m
m

m
m

?
l|!‘N

m
P

!E
“m

rIiT
1

O
2

N
w

e
E

w
‘\_‘_!‘om

P

ii_‘1‘
IF

‘
‘!I,1“

iilg
IE

5:
‘1
‘

W
|_'_‘_W

\H
N

M
A

2
éM

éU
H

km
é_M

M
_

pim
w

E
M

H
H

M
T

M
IN

m
_H

H
M

m
N

\‘@
([H

_‘F
H

‘H
M

W
H

H
‘JiH

M
mM!

_’N
I\N

M
V

M
M

H
H

M
W

U
H

N
M

H
|éhM

H
\W

H
W

]1E
N

H
H

H

@
__[\l3‘_£w

%
k

m
__‘_o__b_1\
2822Omsk

km
m

om
!

m
g

oo°__;‘m
__N

_~
po(W

|l!g_|IQ
N

o___
\W

__\_~
§:i_w

F
_N

m
oo_

€m
_

0.02
,282

‘W
¢‘m

m
@

[M
__‘c______iv‘W

W
_‘©

bbV
_vE

?‘

r_9___
33
:9:
>

>
°]_

r___w
_I

gs
kg“;
H

E
N

;

O
gN

<
O

D
8848
385$

£3400
E

O
N

<
O

o
c:_N

<
uu

3.2200
98:02
£3402
O

_g<
U

Z
3852
_~

“°_F
E

5°__w
m

um
taw

1’
E

’
‘L,

1“
K

€_'[‘|;1
1]V
t“Iii.11I

V
I

“““““““
ll

__&
____~

”_
U

52

_N
___E

__<
m

__g>
_“___U

U
m

gq
:69
N

24
3&

Q
__U

$95
205
$2
3n_%

__O
“D

z
_~

_“___2°n_
_m

_:_
B

N
E

E
D

_sO
__'

9__H
__O

%
m

K
gag

I_U
g%

;!§§
N

ag
O

g
E

8%
N

]
gm

w
g

I‘
Q

Q
N

éw
®

@
§’_V

;m
:;“

1
‘lg;

N
@

g\
“m

:_\
j]‘W

w
W

®
‘£lV

d_“@
m

3‘|M
w

m
§“[$N

W
1

Q
R

“
V

;_m
g

N
]
I

88
O

E
N

E
D

IE
_®

®
m

_
gs;
$5
gs
m

g?
B

i
gap
_gO

_
E

m
é

m
g

$2:
O

Q
N

:
D

am

gtslssm
_

w
U

8n_____n_
U

W
__U

>
E

__O
___

U
m

:
“B

S
5

__8U
U

“O
:_

‘O>;E_____m

Q
MI

2__xU
____<

___‘,‘___‘v
‘L1‘5“‘[;
‘"‘ !i
‘_'



‘E
;

_E
“

“w
e

“g_§!
_‘gm

"
‘m

g
m

g
E

_2”E2Z‘:73‘2_2‘m
g

_N
2‘

\:_‘Q2
S

r
‘g_
iS

“
I“gN

}
x‘Lg‘

tm
w

_Q
;

gmmg
__$
Q

?
géNe$2mm

“I22
I

‘___
_“SALE

‘
‘

Q
‘:

w
H

‘1““N
__“‘

[3‘N‘F
“_‘

m
g

gm:_N
E

N
Z

NEN2gmgmEm

m
m

‘2‘
w

‘@
_‘__‘_

M
g‘

‘Q
:

“w
_:_l‘

m
il“

‘m
dm

w
m

g‘
“_‘m

‘N
N

‘W
“

‘__;_
‘

‘gel
IE

‘

M
g“

‘m
m

“M
o

W
P

‘
‘F

1
“m

‘_p
3“Q

C
“2i‘2‘_2

2“no1‘‘NdNd‘
“‘_‘N

‘o“
K

‘N
d

lino
‘no
_‘N

d
“‘N

d
“N

d
N

d

‘F‘“‘N__b““
‘Q

C
‘‘(‘Q

0
“:06
‘Z1M

k
‘I‘_5‘‘N

d
‘

m
d

1“Q
0

1‘
M

ylpté

‘F‘__F
“

Y
?“

2%
‘

iv|‘4‘
F

‘
“F_F___
l

_‘__
‘I

S
‘

‘M
g

‘I‘Q
M

M
W

!‘
m

m
‘LQ

N
1‘

Q
N

N
‘m

g
L‘gm
‘ gm
_m

g‘
Q

?“
aw

m
m

E
‘

!‘W
_w

_W
E

;
‘

gm
“m

_m
N

“
‘Y

N
N

‘“w
t

i‘N
2‘

<
9‘

Pgm
_pmQm

m
m

g

:‘p“
‘M

E
:

“M
?

Iv‘‘N1““w_w
“

N
_m

_““
m

_
m

m
‘2‘NF]EN_

12“IE ‘‘F5%
‘

git
‘m

m
F}w

W
|_

N
_m

N
Igm

‘
gm
_“N

O
T

_1gm‘
Q

M
“

Ev‘v:1m‘N“;‘
N

_% N
_v

iv;3i‘Q6“:
isiiO‘

km
‘

‘LE
I

““‘F
‘.

‘ilr
J‘‘“W

1‘
3‘_E‘‘I“N;

‘X‘m
__

“‘Q
;

5“‘m
___

‘
““‘B

I!
m

m
m

i‘

w
_@

“
‘2“MW

“‘
‘“I21v_m

N
“

m
_m

N
N

_m
N

‘m
g:

E
m

“
‘Q

Q
N

‘
‘

m
g‘

$5

V
‘

F
Nmm

?
w

e
1N

_‘
m

t
t“m

‘
3Q

N
M

omN_m
N

‘m
m

N
2‘

88

‘N
d

N
d

‘_N
‘o‘

N
d

“‘SI‘S
!Eu

‘hp:
E

U
“N

d
1“no
1‘no
l

m
__

1‘‘B‘I
m

g
“___N

m
“

‘1E
N

gm
‘

__N
N

“
‘®

_‘N
‘

‘S
N

‘‘m
g

Ivlg‘
‘‘gm
‘n\h‘_m

1““‘o2N
_

‘$3

;N
_m

N
“

‘m
_§‘

J0‘:
N

‘?
‘ea
‘m

_N
_

‘“8“:
gm

!
w

‘m
_““

m
fg

‘m
m

‘E
2

‘m
g

I83‘
E

m
‘

‘M
l

‘_‘_‘_‘
‘E‘Q

0
ii8Imo’
‘Z3N

;
VZ‘M

oi
‘Q

6
E

gg
‘“m

N
‘

m
g

w
e

vmNd“
_w

_m
m

‘
gmmm

‘_‘N
:

\Q
R

N
8gm

M
om

‘
‘__w

_N
m

‘gm
llB

Fmg:
‘m

m
;

5:‘
‘E

:‘W
W

I:
‘m

m
“!

hm
1‘m

m
‘“m

m
‘N

Mmm
‘N

m
i

15‘
_‘8l__l‘m

N
“w‘laIwN

‘
‘W

N

i‘E
x

I‘E
;

‘E‘EH1‘E“"E4‘‘_U__‘=
v_“

K‘E‘‘E‘n_E
_“

‘‘E
v?

LE
W

‘
iE82
_]282Ege28_p_282

m
g:

33‘_g_‘_
‘>

3
m

g:
33mgr
‘>

3
m

g:
‘>

3
m

g‘:
‘>

3
3:33____u1__‘_
‘>

3

33SON
as£82328$3OMO

N
£3£3ea238%gm£3ma

|‘W
m

V
“‘_“‘_W

w
‘>

m
g ‘E

P
W

‘;
11
“E

;
““~

W
W

>
i_E ‘E
‘ ‘w

k
‘__m

t_E
;‘

§:_w <5Sp
<

6“
<

6!
‘m

u

M
A

W
W

M
H

N
‘

‘V
6

_M
_“_b|‘_“

‘Q
0

‘Mind‘M“QCmm
d

“‘lg
‘

‘gmno
2“

‘Ekw
“

Q‘i‘SiI4‘_‘mN_“‘N_mN‘igmIgm‘mgQ‘mg‘m_$“
Q

:
W

‘:
S

N
___N
E

N
gmSN‘;3?Q3Q

\_w
“~

>
>

m
U

N
t=

w
__=

°:N
m

_‘_‘__
_2_u2___E

m
hU

“G
>

>
i

_2°___|_‘_°_%
m

_:_
__2
U

higm
H

E
N

;
I

U
uN

E
_u_D

<
_o
A(m

i
N

U
h<

_u8_~
m

:‘__
$96

‘U
m

tsssm
__

uU
m

O
H

____&
8__U

>
E

__O
"_

U
m

:
$825
_U

3U
£_O

__n_
H

O
>

__N
E

E
__m

M
_M

|U
__=

xQ
__=

_<



u‘m
s

_
an

I
E

U
am

‘
gmusanSNw_‘N

_
m

a
E

N
N

2

w
_N_

O
N

M
:

2‘J:3:,2
V

]
w

e
M

N
?‘

‘
8udqz

Q
‘iM%}

la‘
O

S
‘

A
m

‘;
am

]
‘m

a
Q

:
In!
lg;
I42

‘
pm

IE
N

Q
'

im
dm

qi
im

am
‘

log
1

‘R
N

m
m

m
g

gm
gm[gm
+

m
__m

_
Jim

‘
2‘‘WE

I2‘m
m

‘3>X2‘S2B22nono
\|____‘n’o
‘{M

m

éki_{m‘_WW
,

lm
m

‘A
E

R
Ito3lw

on
i

N
_____

N
_N

__
N

2
Q

_N
_

__m
§im

_N
_

Z
m

Im
w

g
_>hMO2no2No2NdNd3SQ0w

m
g

#3:
M

a‘
la}
:%

m
M

k
‘gm

_
Q

:
asawnmv_mw

]_:X‘
m

i
f

gmSm

IK
H

N
W

F
:6

‘
m

')+
“m

_m
m

!
‘

gmgm
V

‘
’

m
g

N
d‘

Q__‘N:
‘N

S
’

‘N
S

!‘
O

:
g

‘m
g:

A
w

“
\[N

_M
i+

A
m

L
isQ

‘I
m

i
33E

m
;

5%Elam
I

2*‘Q:
;

"M
m

:
1%‘LN

L_§_7
:

‘
lg

‘
2

‘‘
Z

I!
2‘“W6‘dm;
gmAd‘:‘
Gw

I

___vV
|‘__

m
o!‘

‘A
di

QIlim
q

IQ
;

‘M
a?

no‘Q\w\
‘m

l
lm

q‘
N

___
___

‘
\w

_Q

R
ig‘

E
M

F
:K

A
A

‘
!1m

a1
idq

]‘_‘
(M

qil
‘M

_o‘_
2Z

V
Q

0?
!|*_d‘
Z

4
N

d‘
NN

H
‘

T
w

_£“_
m

a
angmlaw

‘;
N

9;
‘N

Q
N

w
e

l
ow

‘
9:1‘
E

m
a‘

2:2New02___§‘
igw
:9gm

83SG82‘‘zmmiiBllmm‘Q;N?SBi‘E:2 ,3 ‘‘SAm‘

M
E

X
‘

‘G
E

:
H

E
}!

i_h_u
"Im

slyl
hm

‘
"E

x
H

E
X

"E
x;

““m
§‘,

\m
@

i;‘n_E
_!

M
P

\____v_‘
n!___v_i
\H

___v_}
;n___v_‘
}"E

x
1‘n___v_!§

_9____
2::
___@

_I
;U

__
_

____u_I
>

23
___D

____
‘S

H
;

C
U

E
god
___m

_I
>

2:
LE

I
_s°l_
C

9:
;D

|_
£9:
;_“____
Z

O
E

>
_5‘_

D
g

hW
W

i_~
m

O
~

aw
,»

“S
N

i_m
>

£_um
W

§>
_m

E
N

m
m

]?
_H

__m
N

‘_~
w

>
E

a33>3.2‘_mm>
m

a
__~

m
>

gWm
»

O
E

w
m

@
>

G
S

m
‘“~

m
>

33_~m
>

E
3‘__W

u>
W

N
E

m
@

>
Q

Q
N

89>
Q

E
N

__m
j>

a£W
_W

w
>

32hg>
Q

w
g

E
";

‘m
m

g

$1‘
gm

l
_,

M
i

13*‘
D

A
‘

3‘__‘‘g4%iwdbifa‘‘mgQmiiNJ.;
law

‘‘
m

w
m

m
‘

awam
;

H
m

‘
‘w

ig
‘M

g
m

g
V

W
9

1
E

a‘
11”?
gLing,‘
_d¢__\N

!‘
ah‘

m
g‘

igw
1%

‘
m

g‘
Q

tw
m

‘
m

m
”

“Q
R

{m
illl

m
_W

W
'_v;

§m
_“_

I
H

E
‘

gm
g‘

dd;
‘m

i

‘m
m

?
{vu
m

i'
Q

lo
‘E

’
‘Isl!
gggl

}m
‘_m

!‘Q
T

{n‘
‘Q

M
;

iqw
dd‘
‘don

Q
‘O

W
N

‘
m

g
M

:

1;MmmQSgmOmmSN*_N_orwe3Z:N2gmmgE?gm
E

m
?

Q
,

m
i‘

W
W

V
‘

A
v‘

_:2_1é
:%

_m
‘_‘

m
m

;
um

m
‘

im
_W

N
|_>

_l‘m
M

v‘‘
3?

‘
N

P
“

;
;

1:
;

I
Illa“!
iw

__l__
_

_im
‘_‘_

Ilm
qi

m
ail

lag
j‘?_

u
Z

V
M

Q
V

Q
;

m
o‘

E3m
‘

_
E

‘
3

gmZN
m

g
M

m
!

Q
“

IN
N

“!
uxn
2Iii‘BIL

\
m

i
u‘

gan‘NSi?|m
;

Z
N

:
ism
K

l_’N
__|m

]1

m
i]

7%
:

am
‘

la‘WA
N

?!
“dial:
‘m

g
w

gii
:‘A

g:
_w

Q
‘!i

Zgm$1SQ
‘

Jm
d

‘m
m

;
_‘im

_l__W
‘

S$6‘
%la“
‘ii1%Jql‘

M
$1H

4m
|\|

N
d‘‘

Q
3

‘laigi
_|§|__
1%Q!
E

lm
“

no

Q
5

gmmg
m

g
gmanmg
mE:_N_®

__
3;N:$8
N

R
S

m
gmN:
:

M
a

‘Q
!

N
:

|w
lm

_
)’nV

_N
|__¥

lg;
__m
3‘Q‘___‘_vm
gmEn

I
____N
|Q

___N
‘

Q
2

N
___¥_‘

1%_¢|__?[‘K
:‘:3:Ema‘!mml

u
Q

0
Q

22_2
I

Q
_‘

lim
o!‘

m
g

_
m

g
Q

?
N

‘
3‘S

ly
(

la‘

7
F

‘

FM
r

~
___oE

s_:U
O

~
_

__Q
~

N
>

>
“D

z
‘

>
>

O
E

C
=

:w
m

_N
~

O
‘_.
i

M
U

M
:

__N
H

O
“

U
@

‘__U
"_D

z
H

E
N

;
_N

.O
_F

‘_w
uN

>
>

uC
5O

ho|___O
_-m

_:_

~
m

____2£m
|3m

°__h__n_
om

_u_____
hean__2_N

>
>

_u28_en_
3E

N
E

E
U

W

M
_MI

2_:a____<



Annexure-4.1
Statewise Break-up of Geographical Area, Areas prone to Floods,

Maximum Area Affected and Area Benefitted

(Area in Million ha)

' S. Name of State]UT Geographi- Area Maximum area Area
No. cal area liable to affected any one benetted

floods year during upto March,
1953-93 (with 1993

I-ll

year)
2 3 4 5 6

1-1

Andhra Pradesh 27.505 1.39 3.480 (1989)__ 1.0123

'.\’

Arunachal Pradesh 8.374 - 0.030 (1088) -

5*’

Assam 7.844 3.15 3.820 (1988) 1.7269

:9

Bihar 17.388 4.26 4.260 (1971) 1.8890

S"

Goa 0.370 - Neg. (1976) 0.0001

9‘

Gujarat 19.602 1.39 2.050 (1988) 0.4410

.\'

Haryana 4.421 ‘ 2.35 1.000 (1977) 1.7300

9°

Himachal Pradesh 5.567 0.23 0.410 (1989) 1 0.0120
9. Jammu & Kashmir 22.224 0.08 0.514 (1987)_ 0.1834
10 Karnataka 19.179 0.02 0.900 (1988) 0.0570
11 Kerala 3.886 0.87 1.470 (1989) 0.0518
12 Madhya Pradesh 44.345 0.26 0.260 (1953) 0.0040 l

13 Maharashtra 30.771 0.23 0.330 (1989) 0.0010
14 Manipur 2.233 0.08 A 0.80 (1989) 0.0900
15 Meghalaya 2.243 0.02 0.095 (1987) 0.0896
16 Mizoram 2.108 — Neg. (1990) -
17 Nagaland 1.658 i - ' 0.008 (1985) -
18 Orissa 15.571 1.40 1.400 (1960)_ 0.4800
19 _ Punjab 5.036 3.70 2.790 (1988) 2.6750
20 Rajasthan 34.224 3.26 0 3.260 (1977) 0.0816
21 Sikkim 0.710 - 0.020 (198-4)_j 0.0002
22 Tamil Nadu 13.006 0.45 0.450 (1961) 0.1220
23 Tripura 1.049 0.33 0.330 (1963) 0.0308
24 Uttar Pradesh 29.441 7.34 7.340 (1978) 1.5320
25 West Bengal 8.875 2.65 3.080 (1978) 2.0770
26 /-\& N Island 0.825 - 0.030 (1988) -
27 Chandigarh 0.011 - (1993) -
28 Dadra & Nagar Haveli 0.049 - Neg. (1976) -
29 Daman & Diu 0.011 - Nil (1993) -

30 Delhi 0.148 0.05 0.070 (1978) 0.0780
31 Lakshadweep 0.003 - Neg. (1978) -
32 Pondicherry 0.049 0.01 0.050 (1977) 0.0093

Total 328.726 33.52 @ 17.500 14.3740
Say 34.00

Note
Neg. .' Neg/ib/b/e

TotalArea liable to oods is 40 mi//ion hectares. (80% of this i.e. 32 M.has is protectable including areas
protectable as assessed by REA)
@ Total of the maximum area affected in one year in the country.

Source : Flood Management Programme, Directorate , CWC.

427



Annexure-4.2

Progress of Physical Works Under Flood Management
Programme Completed up to 1993

S. No. Name of State] UT Length of Length of Towns/ Villages
embankment drainage villages raised/

channels protection protected
works

I-l

(km) (km) (Nos) (Nos)
2 3 4 5 6

l—*

Andhra Pradesh 572 13569 52 21

!\’

Arunachal Pradesh 2 - - -

5*’

Assam 4566 957 89 16

:8

Bihar 2788 365 47 -

U1

Goa 10 12 4 6

9“

Gujarat 952 271 229 30

.\'

Haryana 662 3922 180 90

9°

Himachal Pradesh 58 11 - -
9. Jammu & Kashmir 80 14 12 5

10. Karnataka — - - -

11. Kerala 1 13 28 4 6
12. Madhya Pradesh 21 - 37 -

13. Maharashtra 26 - 26 -

14. Manipur 300 76 1 1

15. Meghalaya 112 - 8 2

16. Mizoram 1 1 - -

17. Nagaland - - - -

18. Orissa 1068 131 14 29
19. Punjab 1370 6622 3 -
20. Raiasthan 145 197 25 -

21. Sikkim - - 6 -

22. Tamil Nadu 87 19 46 4
23. Tripura 128 94 11 -

24. , Uttar Pradesh 1811 3593 64 451 1

25. West Bengal 1184 1648 48 -

26. A&N Island — - - —

27. Chandigarh - - - -

28. Dadra & Nagar Haveli — - - -

29. Daman & Diu - - - -

30. Delhi 83 453 — -

31. Lakshadweep ~ - - -

32. Pondicherry 61 20 - -

Total 16199 32003 906 4721

Source : Flood Management Programme, Directorate , CWC.
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Annexure-4.3

I
Statement Showing Flood Damage During 1953-1998

S.

No.

l

Year Area Popula- Damage to crops Damages to Houses Cattle Huma Damage to Damage to

Affec-ted tion Area value Lost n public crops,

affec— Lives utilities houses,

ted Lost public

‘
utilities

(6+8+11)

(Mha) Million (Mha) (Rs. crores) (Nos.) (Value in (Nos.) (Nos.) (Rs. (Rs.

Rs.crores) Crores) Crores)

,_1

1953 2. 290 24. 280 0. 930 42. 080 264924 7. 420 47034 37 2. 900 52. 400

PJ

1954 7. 490 12.920 2. 610 40. 520 199984 6. 561 22552 279 10. 150 57. 231

U)

1955 9 .440 25. 270 5. 310 77. 800 166678 20. 945 72010 862 3. 920 102. 725

:9

1956 9. 240 14. 570 1. 110 44. 440 725776 8. 047 16108 1 462 1. 140 53. 627

U1

1957 4. 860 6. 760 0. 450 14. 120 318149 4. 979 7433 352 4. 270 23. 369

O1

1958 6. 260 10. 980 1. 400 38. 280 382251 3. 896 18439 389 1. 790 43. 966

\l

1959 5. 770 14. 520 1. 540 56. 760 648821 9. 418 72691 619 20. 020 86. 198

®

1960 7. 530 8. 350 2. 270 42. 550 609884 14. 309 13908 510 6. 310 63. 169

KO

1961 6. 560 9. 260 1. 970 24. 040 533465 0. 889 15916 1374 6. 440 31. 369

10. 1962 6 .120 15. 460 3. 390 83. 180 513785 10. 665 37633 3 48 1. 050 94. 885

11. 1963 3. 490 10. 930 2. 050 30. 170 420554 3. 701 4572 432 2. 740 36. 611

12. 1964 4. 900 13. 780 2. 490 56. 870 255558 4. 588 4956 690 5. 149 66. 607

13. 1965 1.460 3. 610 0. 270 5. 870 112957 0. 195 7286 79 1. 070 7. 135

14. 1966 4. 740 14. 400 2. 160 80. 150 217269 2. 544 90 71 180 5. 736 88. 430

15. 1967 7. 120 20. 460 3. 270 133. 310 567995 14. 264 58 27 355 7. 857 155. 431

16. 1968 7. 150 21. 170 2. 620 144. 610 682704 41. 112 130305 3497 25. 373 211. 095

1 17. 1969 6. 200 33. 220 2. 910 281. 900 1268660 54. 423 270328 1408 68. 112 404. 435

18. 1970 8. 460 31.830 4. 910 162. 780 1434030 48. 606 19198 1076 76. 441 287. 827

19. 1 1971 13. 250 59. 740 6. 240 423. 130 2428031 80. 241 12866 994 1 129. 113 632. 484

20. 1972 4.100 26. 690 2.450 98.560 s97301I 12.460 582311 544 47.1741 158.194

21. 1973 11. 790 64. 080 3. 730 428. 030 869797 52. 482 261016 1349 88. 489 569. 001

22. 1974 6. 700 29. 450 3. 330 411. 640 746709 72. 434 16846 387 84. 942 569. 016

23. 1975 6. 170 31. 360 3. 850 271. 490 803705 34. 097 17345 686 166. 050 471. 637

24. I 1976 11. 910 50. 460 6. 040 595. 030 1745501 92. 160 80062 1373 201. 495 1 888. 685

25. 1977 11.460 49. 430 6. 840 720. 610 1661625 152. 290 1 556326 11316 328. 948 1201. 848

26. 1978 17. 500 70. 450 9. 960 911. 090 I 3507542 167. 574 239174 3396 376. 100 1454. 764

27. 1979 3. 990 19. 520 2. 170 169. 970 1328712 210. 606 618248 3637 233. 627 614. 203

28. 1980 11. 460 54. 120 5. 550 366. 370 2533142 170. 851 59173 1913 303. 283 840. 504

1

, 1

l

1 29 1981 6. 120 32. 490 3. 270 524. 560 912557 1 159. 630 82248 1376 512. 314 1196 504

30. 1982 8. 870 56. 010 5. 000 589. 400 2397365 383. 869 246750 1573 671. 607 1644. 876

31. 1983 9. 020 61. 030 3. 290 1285. 850 2393 722 332. 34 153095 2378 873. 429 2491. 606

32. 1984 10. 710 I 54. 550 5. 190 906. 090 1763603 181. 308 I 141314 1661 818. 164 1905. 562

33.
1

1985 8. 380 59. 590 I 4. 650 1425. 370 1 2449878 583. 855 43008 1804 2050. 043 4059. 268

34. 1986 8. 810 55. 500 4. 580 1231. 580 2049277 534. 410 60450 1200 982. 535 3748. 525
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| I

35. | 1987 8. 890 48. 340 4. 940 1154. 640 2919380 464. 490 128638 1835 950. 590 2569. 720

36 1988 16. 290 59. 550 10. 150 2510. 900 2276533 741. 600 150996 4252 1377. 800 4630. 300

37 1989 8. 060 34. 150 3. 010 956. 740 782340 149. 820 75176 1718 1298. 770 ‘ 2405. 330

38 1990 9. 303 40. 259 3. 179 695. 610 1019930 213. 733 134154 1855 455. 266 1708. 920

39. 1991 6. 357 33. 889 2. 698 579. 015 1134410 180. 421 41090 1167 728.893 1488. 329

40 1992 2.645 . 19. 256 1. 748 1027.578 687489 306.284 78669 1533 2010. 670 3344. 532

41 1993' 4. 632 22. 901 3. 129 511.190 470951 124.570 11990 930 48. 088 683.848

% 42 1994‘ 2. 752 21. 040 1. 896 888. 619 1 601379 165. 205 21698 1511 739. 641 1793. 465

43 1995* 6. 111 38. 831 3. 359 351. 552 1195114 152.595 70371 2209 67. 710 571. 857

44 1996‘ 7. 420 39. 393 3. 365 404. 287 406718 95 601 60215 1306 861. 619 2204. 777
I

45 1997* 3.855 26.548 1.838 449.743 399534 145.578 27178 929 971.615 1566. 936

-l>

9‘

1998' 8.623 50.340 5.379 2266.681 1022854 296.430 98456 2549 2815.022 5378.133

Total 344.258 1500.72 162.49 ' 23514. 755 52228654 6513.473 4320050 70353 21443.525 52659.334

Avg 7. 484 32. 624 3. 532 511.190 1135406 141. 597 93914 1529 466.164 1144. 768

Max 17.500 70 .450 10. 150 2510. 900 3507542 741. 600 618248 11316 2815. 022 5378.133

Year 1978 1978 1998 1988 1978 1988 1979 1977 1998 1998

*Tenfat/ve Figures

430



Annexure-4.4

Investment in Irrigation and Flood. Control Sectors

Z9!“

Plan Total Irrigation & FC FC % age
(Crores) (Crores)

|_A

First Plan 459.77 13.77 3.00

l\J

Second Plan 590.30 49.15 8.33

Lad

Third Plan 1110.29 86.00 1
7.75

-l>

Annual Plan 1038.35 43.61 4.21

U1

Fourth Plan 2582.84 171.78 6.65

O\

Fifth Plan 4274.34 298.6_1 6.98

\l

Annual Plan 3360.07 228.47 6.80 lg

oo

Sixth Plan 11872.40 590.07 4.97

k0

Seventh Plan 19903.13 941.56 4.73

|—~

O

Annual Plan 8215.03 460.64 5.60

l—*

I-9

Eighth Plan 32525.29 1915.75 5.89
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Annexure-4.5

Status of Hydroelectric Potential Development
(Basinwise)

as on 31-08-98

BASIN POTENTI-AL POTENTl- % POTEN- % % CEA %CEA %
ASSESSED AL DEVEL- TIAL uwoea DEVEL CLEARED CLEA- TOTAL
AT 60°/OLF DEVELO- OPED uuoea DEVE— OPED POT. AT RED

PED AT DEVELOP LOP- + 60% LF POT
60% LF MENT MENT uwoea (MW)

(MW) (MW) DEVE-
LOPM-
ENT

INDUS 19988.00 2935.85 14.69 1332.83 6.67 21.36 1102.42 5.52 26.87

GANGA .10715.00 1850.33 17.27 1147.55 10.71 27.98 543.17 5.07 33.05

CENTRAL 2740.00 634.33 23.15 1528.00 55.77 78.92 221.95 8.10 87.02

INDIAN

RIVERS

WEST 6149.00 3445.33 56.03 756.13 12.30 68.33 56.17 0.91 69.24

FLOWING

RIVERS

EAST 9532.00 3661.42 38.41 701.32 7.36 45.77 37.73 0.40 46.17

FLOWING

RIVERS

BRAHMA- 34920.00 452.67 1.30 366.72 1.05 2.35 818.00 2.34 4.69

PUTRA BASIN

ALL INDIA |84044.00 12979.93 15.44 5832.55 6.94 22.38 12779.43 3.31 25.69
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Annexure-4.7

Small Hydro Power Potential of the Country

Schemes
No. of ‘ Installed Capacity

( )KW

NORTHERN REGION
Jammu & Kashimar 107 825530

Himachal Pradesh 162 1 185870

Pumab l 24 23400

I Hawana 4 9700

Rajasthan 31 37445

Uttar Pradesh 217 1097595

TOTAL (Northern Region) 545 3179540

WESTERN REGION
Madhya Pradesh 48 223930

Gujarat 105 121675

Maharashtra 53 3131305

Goa 2 2050‘

TOTAL (Western Region) 208 660785 1

SOUTHERN REGION
Kerala 42 227750

Andhra Pradesh 95 203060

Karnataka 54 184900

Tamil Nadu 74 183000

TOTAL (Southern Region) 265 798710

1 EASTERN REGION
Sikkim 31 191390

West Bengal 46 1263455

Orissa 28 ;

90375

Bihar 36 121s7o'

TOTAL (Eastern Region) 141

NORTH EASTERN REGION

529980
l

Arunachal Pradesh 219 975300

Mizoram 28 137925

Manipur 11 47850

Tripura 5 21510

Meghalaya 32 151210

Nagaland 30 142800

Assam 27 133950

TOTAL (N E R ) 352 l
1610545

UNION TERRITORY
Andaman & Nicobar 1 2250i

1512 6781810

Under operation 171 3561 15

Under construction 86 322310

Investigation completed 171 436685

Identied 1084 5666700

Total 1512 6781810

1 ;
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Annexure-4.8

Rise and Decline of Hydro Share

Year Installed Capacity_(MW) Hydro as °/o age
Total Hydro of Total

1947 1361.76 508.13 37.31

1950 1712.52 559.29 32.66

1951 1835.43 I
575.18 31.34

1952 2061.76 715.18 34.69

1953 i 2305.19 731.18 31.72

1954 2494.00 793.35 31.81

1955 2694.82 939.48 34.86

1956 2886.14 1061.44 36.78

1957-58 3223.11 1213.92 37.66

1958-59 3511.59 1361.44 38.78

1959-60 3873.17 1530.15 39.51

1960-61 4653.05 1916.66 41.19

1961-62 5218.82 2419.10 46.35

1962-63 5801.19 2936.35 50.62 Maxm.

1963-64 6576.94 3167.02 48.16

1964-65 7396.67 1 ' 3388.73 45.81

1965-66 9027.02 4123.74 45.68

1966-67 10092.17 4757.22 47.14

1967-68 11888.16 5486.92 46.17

1968-69 12957.27 5906.91 45.59

1969-70 14102.45 6134.70 43.50

1970-71 14708.95 6383.23 43.40

1971-72 15254.37 6611.61 43.34

1972-73 16281.71 6785.41 41.68

1973-74 16663.56 6965.30 41.80

1974-75 18316.68 7529.24 ' 41.11

1975-76 I 20117.06 8463.60 42.07

1976-77 21468.50 9024.90 42.04

1977-78 23668.71 10020.22 42.34

1978-79 26680.06 10833.07 40.60

1979-80 28447.83 11383.97 40.02

1980-81 30213.68 11791.22 39.02

1981-82 32345.09 12172.81 37.63

1982-83 35363.27 13055.86 36.92

1983-84 39338.86 I 13855.56 35.23

1984-85 42584.72 14460.02 33.96

1985-86 46769.03 15471.60 33.08

1986-87 49265.86 16195.64 32.87

1.987-88 54155.17 17265.33 31.88

1988-89 59040.38 17798.05 30.15

1989-90 63636.34 18307.63’ 28.77

1990-91 66086.33 18753.42 28.38

1991-92 69065.39 19194.62 27.78

1992-93 72319.46 19568.76 27.05

1993-94 76718.21 1 20365.91 26.58

1994-95 81164.41 20829.04 25.66

1995-96 83287.96 20976.00 25.18

1996-97 85019.31 21644.80 25.46

1997-98 88266.86 21891.08 24.80

1998-99(8/98) 88543.36 22006.58 24.85 .
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Annexure-4.9

Central/Joint Sector Hydro Power Stations

I

I

S.No. Scheme No. of Units x MW
Installed Capacity

Unit Size (MW)

A. SCHEMES IN OPERATION

l-—*

Baria Siul-NIIPC 3 X 60 180

l\J

Salal-I—NHPC 3 X 115 345

U)

Salal-II-NHPC 3 X 115 345

-P

Tanakpur-NHPC 3 X 40 120

U'l

Loktak-NHPC 3 X 35 105

O'\

Khandong-NEEPCO 2 X 25 50

\l

Kopili-NEEPCO 2 X 50 100

CD

Chamera St.I. NHPC 3 X 180 540

KO

Uri-NHPC 4 X 120 480

1-1

O

Kopili EXtn. NEEPCO 2 X 50 100

Total ‘
2365

B. SCHEMES UNDER CONSTRUCTION

|._|.

Dulhasti-NHPC 3 X 130 390

I\J

Dhauliganga-I-NHPC 4 X 70 280

U)

Koelkaro-NHPC 4 X 172.5+ 1 X 20 710

-l>

Rangit-NHPC 3 X 20 60

U1

Nathpa Jhakri-NJPC 6 X 250 1500

CD

Tehri St.-I-THDC 4 X 250 1000

CD\l

Doyang-NEEPCO 3 >< 25 75

Ranganadi-NEEPCO 3 X 135 405

LO

Tuirial-NEEPCO 2 X 30 60

Total 4480

C. SCHEMES APPROVED BY CEA

|-L

Chamera-II-NHPC 3 X 100 300

l\J

Dhaleshwari-NHPC 3 X 40 120

U0

Koteshwar-THDC 4 X 100 400

-l'>-

Tehri-II(PSS)—THDC 4 X 250 1000

U1

Farakka Barrage-FBPA 5 X 25 125

O\

Kameng-NEEPCO 4 X 150 600

Total 2545

Gross Total 9390
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Annexure-4.10

Projects Proposed in Private Sector (in principle clearance accorded)

S. Project Installed Company]Status
No. Capacity

(MW)

Tawa LBC (MP) 12 Hydro electric Graphite
Commissioned for 2 x 6.75 MW).

Ltd. —

Baspa-II (HP) ' 300 J.P. Industries
- CEA Cl-19/4/94

CEA cl - 30-12-96

(Financial package remains to be tied up)
Maheshwar (MP) 400 Sri Maheshwar HPC Ltd.-

Vishnu Prayag (UP) 400 J.P. Industries
CEA cl—30-6-97

Srinagar (UP) 330 Duncan Industries Ltd.
- DPR returned

Cea cl - 27.7.98
— Under execution

Malana (HP) 86 Rajasthan Spinning & Weaving Mills Ltd.

\ .

Karcham Wangtoo (HP) 1000 Jai Prakash Industries
— Returned

Returned
Dhamwari Sunda (HP) 70 Dhamwari Power Corporation Ltd.

-Returned
Allain Duhangan (HP) 192 Rajasthan Spinning & Weaving Mills Ltd.

10 Uhl St. III (HP) 100 Bailarpur Industries
, -Under examination

11
- Returned

Hibra (HP) ' 231 Dhamwari Power Corporation

12
-Returned

Upper Krishna (Karnatak) 1107 Chamundi Power Corporation Ltd.

'13
-Returned

Karbi Langpi (Assam) 100 Bharat Hydro Power Corporation

TOTAL 4328
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Annexure-4.11

Pumped Storage Development in India

S.No. Scheme No. of Units x MW
Installed Capacity

Unit Size (MW)

A. SCHEMES IN OPERATION

1 Kadana St.I & II - Guj. 2 X 60 + 2 X 60 240 1

l\J

Paithon - Mah. 1 x 12 12

L»)

Nagarjuna Sagar - A.P. 7 x 100 700

-l>

Kadamparai - T.N. 4 x 100 400

U1

Panchet Hill - D.V.C. 1 x 40 40

CD\l

Ujjani - Mah. 1 x 12 12

Bhira—Mah. 1 X 150 i 150

Total l
1554

B. SCHEMES UNDER CONSTRUCTION

0-‘

Sardar Sarovar - Guj. 6 x 200 1200

[U

‘ Ghatgar-Mah. 2 X 125 250

DJ

Srisailam - A.P. 6 x 150 900

-5

Purulia - W.B. i 4 X 225 900

U1

Koyana st = IV - Mah. 4 x 250 1000

0'1

Bhivpuri - Mah. 1 x 90 90

Total 4340 \

C. SCHEMES APPROVED BY CEA

1 Tehri St. II — U.P. 4 X 250 1000

Total 6894
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Annexure — 5.1

BIS (ISI) Standards for Discharge of Sewage and Industrial
Efuents in Surface Water Sources* and Public Sewers

S.
No.

Tolerance Tolerance Limit for
Limit for Industrial Efuents

Characteristic of Sewage Discharged Into
the Effluent Efuent Inland Surface Public Sewers

Discharged Waters, as as per
into Surface per IS: 3306-1974

Water Sources IS: 2490-1974
as per

IS: 4764-1973
(1) (2) (3) (4) (5)

:I>L~ll\Jl-'-

5

6
7

8

9

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

BOD 20 mg/I 30 mg/I 500** mg/l
COD - 250 mg/I -
pH value - 5.5 to 9.0 5.5 to 9.0
Total Suspended Solids 30 mg/I 100 mg/I 600 mg/l
(TSS)
Temperature - 40°C 45°C
Oil and grease - 10 mg/l 100 mg/I
Phenolic compounds - 1 mg/I 5 mg/I
(as Phenol)
Cyanides (as CN) - 0.2 mg/l 2 mg/l
Sulphides (as S) - 2 mg/l -

Fluorides (as F) - 2 mg/I -
Total residual chlorine - 1 mg/I -

Insecticides - Zero —

Arsenic (as As) - 0.2 mg/I -
Cadmium (as Cd) - 2 mg/I -
Chromium, hexavalent - 0.1 mg/I 2 mg/l
(as Cr)
Copper - 3 mg/I 3 mg/I
Lead - 0.1 mg/I 1 mg/I
Mercury - 0.01 mg/l —

Nickel - 3 mg/I 2 mg/I
Selenium - 0.05 mg/l -
Zinc - 5 mg/l 15 mg/l
Chlorides (as CI) - - 600 mg/l
% Sodium - - 60%
Ammoniacal nitrogen (as N) - 50 mg/i 50 mg/I
Radioactive materials -

(i) O(."€|Tlitt€l'S 10'7HC/ml -

(micro curie/ml)
(ii) B—emitters 10'°,,c/ml -

* Includes Rivers, Estuaries, Streams Lakes and Reservoirs.
**' Subject to relaxation or tightening by the local authorities.
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Annexure - 5.2

The Environment (Protection) Rules, 1986
[SCHEDULE — VI]

(See rule 3A)

General Standards for Discharge of Environment Pollutants Part-A Effluents

Parameter Standards

Inland Surface Public Land Marine
Water Sewers for Coastal

Irrigation Area

1 2 3 4 5 6

Colour and odour See 6 of Ann-1 ~- See 6 of Ann-1 See 6 of Ann-1

Suspended solids,
Mg/l, Max.

100 600 200 a) Fore process waste
water-100

b) For coolling water
efuent 10 percent
above total suspended
matter of inuent

Particular size of
Suspended solids

Shall pass 850 —- a) Floatable solids
micron IS Sieve max.3mm

*
b) Settleable solids max.

850 microns

pH value 5.5 to 9.0 5.5 to 9.0 5.5 to 9.0 5.5 to 9.0

Temperature Shall not exceed -- -- Shall not exceed 5° C

5° C above the above the receiving water
receiving water temperature

temperature
Oil and grease,
mg/l, Max.

10 20 10 20

Total residual
Chlorine, mg/l, Max

1.0 -- -- 1.0

Ammonical nitrogen 50 50 " 50

(as N), mg, Max.
Total Kjeldahl
nitrogen (as N),
mg/l, Max.

100 -- " 100

Free ammonia (as
NH3), mg/l, Max.

5.0 —- -- 5.0

Biochamical oxygen
demand (5 days at
20°C), mg, Max.

30 350 100 100

Chemical Oxygen
Demand,
mg/l, Max.

, 250 -- -- 250
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S. Parameter Standards
No.

l Inland Surface Public Land Marine
Water Sewers for Coastal

Irrigation Area

1 2 3 4 5 6

14 Arsenic (as As), 0.2 0.2 0.2 0.2
mg/I, Max.

15 Mercuw (As H9), 0.01 0.01 -- 0.01
mg/I, Max.

16 Lead (as Pb), 0.1 1.0 -- 2.0
mg, Max.

l 17 Cadmium (as Cd), 2.0 ‘ 1.0 -- 2.0
mg/l, Max.

18 Hexavalent 0.1 2.0 -- 1.0
chromium,
mgil, Max.

I

l

l

19 Total chromium (as 2.0 2.0 —— 2.0
Cr), mg/l., Max.

20 Copper (as Cu), 3.0 3.0 -- 3.0

mg, Max.

21 Zinc (as Zn),mg/l, 5.0 15 -- 15

Max.
22 Selenium (as Se), 0.05 0.05 —- 0.05

mg/I, Max.

23' Nickel (as Ni), 3.0 3.0 -- 5.0

mg, Max.
224

2

2

27 Cyanide (as CN), 0.2 2.0 0.2 0.2

mg/I, Max.
2

29 Fluoride (as F), 2.0 15 -- 15

mg/l, Max.

| 30 Dissolved 5.0 —- -- --
phosphates (as P),

mg[l, Max.

231 '

32 Sulphide (as S), 2.0 -- -- 5.0

mg/l, Max.

33 Phenolic compounds 1.0 5.0 -- 5.0

(as C6H5OH),
mg/I, Max. 1

34 Radioactive
Materials:
a) Alpha emitter 10" 10"’ 10“ 10"

micro curie/ml
b) Beta emitter

micro curie/ml 10'“ 10" 10" 10‘ _
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' S. Parameter Standards
NO.

Inland Surface Public Land Marine
Water Sewers for Coastal

' Irrigation Area

1 2 3 4 5 6

35 Bio-assay test 90% sun/ival of 90% survival 90% survival of 90% survival of fish

fish after 96 of sh after sh after 96 after 96 hours in

hours in 100% 96 hours in hours in 100% 100% effluent

effluent 100% effluent

!
effluent |

36 Manganese (as Mn)_, 2 mg/l 2 mg/I -- 2 mg/I !

% 37 Iron (as Fe) 3 mg/I 3 mg/l -- 3 mg/l

38 Vanadium (as V) 0.2 mg/I 0.2 mg/I -- 0.2 mg/I

39 Nitrate Nitrogen 10 mg/I -- -- 20 mg/l

Z40 .. .
.

Note : 2 Omitted by Rule 2 (d)(i) of the Environment (Protection) Third Amendment Ru/es, 1993 vide Notication N0.

G.5.R. 801 (E) dated 31.12.1993.
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l

Waste Water Generation Standards Part - B

Z9!"

Industry Quantum

i-*

Integrated Iron & Steel 16 m3/tonne of finished steel

i\J

Sugar 0.4 m3/tonne of cane crushed

U0

Pulp & Paper Industries
(Q) Larger pulp & paper

i) Pulp & Paper 175 m3/tonne of paper produced.
ii) Viscose Staple Fiber 150 m3/tonne of product
iii) Viscose Filament Yarn 500 m3/tonne of product

(b) Small pupl & paper:
i) Agro-residue based 150 m3/tonne of paper produced
ii) Waste paper based 50 m3/tonne of paper produced

4 Fermentation Industries :

__(_a) Maltry ' 3.5 m3/tonne of grain produced
(b) Brewery 0.25 m3/ KL of beer produced

QC) Distillery 12 m3/ KL of alchol produced 1

5 Caustic Soda l

(a) Membrane cell process 1 m3/tonne of caustic soda produced
excluding cooling tower blowdown

(b) Mercury cell process 4 m3/tonne of caustic soda produced
(mercury bearing)
10% blowdown permitted for cooling tower

6 Textile Industries
Man-made fiber
i) Nylon & Polyster 120 m3/tonne of fibre produced
ii) Vixcose rayon 150 m3/tonne of product

,*j'5‘tooo\|

l
r

Tanneries 28 m3/tonne of raw hide I

Starch, Glucose and related products 8 m3/tonne of maize crushed
Dairy 3 m3/KL of Milk
Natural rubber processing industry 4 m3/tonne of rubber
Fertilizer
(a) Straight Nitrogenous fertilizer 5 m3/tonne of urea or equivalent produced
(b) Straight phosphatic fertilizer (SSP 0.5 m3/tonne of SSP/TSP

& TSP) excluding manufacture of acid ,
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Annexure — 5.3

GROSSLY POLLUTED AND LESS POLLUTED STRETCHES OF SOME MAJOR RIVERS

_ Basin River] ‘ Polluted Stretch Class Existing Desired Critical
Tributary Class Parameter

I. GROSSLY POLLUTED STRETCHES

Indus Sutlej i) Downstream (D/S) Ludhiana to Partly D C DO, BOD.

Harike Partly E

ii) D/S of Nangal E C Ammonia

Ganga Yamuna i) Delhi to confluence with Chambal Partly D C DO, BOD.

ii) In the city limits of Delhi, Agra PartlyE Coliforms

and Mathura -do- C -do- 1

Chambal D/S of Nagda & D/S of Kota (approx Partly D C BOD, Do.

15 km both the places) Partly E

Damodar D/S of Dhanbad to Haldia Partly D C BOD,

Partly E r Toxic

Gomti Lucknow to conuence with Ganga Partly D C DO, BOD.

Partly E Coliforms

Kali D/S of Modinagar to confluence with Partly D C -do-

Ganga Partly E

ii) D/S of Indore
Khan i) In the city limits of Indore E

l'Tl

UUJ

do-
-do

Kshipra i) In the city limits of Ujjain
ii) D/S of Ujjain

ITIITI

UUJ

_dO_

_do_

Hindon Saharanpur to conuence with

[Tl

U

DO, BOD

l Yamuna Toxic

Partly E
Godavari Godavari i) D/S of Nasik to Nanded Partly D C BOD

ii) City limits of Nasik and Nanded -do- B BOD

Partly E
Krishna Krishna Karad to Sngli Partly D C BOD

Suberna- Suberna- Hathi Dam to Baharagora Partly D C DO, BOD

rekha rekha - Partly E Coliforms

Sabar- Sabar- i) Immediate upstream of E B DO, BOD

mati mati Ahmedabad city upto Sabarmati Coliforms

Asharm,
ii) Sabarmati Asharam to Veutha
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Annexure — 5.3

11. LESS GROSSLY POLLUTED STRETCHES

Ganga Betwa Between Vidisha and Mandideep and D C BOD, Total
‘ Bhopal (MP) Coliforms

l

l

Krlshana Krishana i) Dhom Dam to Narso Babri (Mah) D C BOD & '

ii) Tributary Streams D C Coliforms
iii)Upto Nagarjunasagar Dam, from D C -do-
that Dam to Upstream of Repella -do-

_(A.P.)
Bhadra Origin to downstream of KICCL of D 1 C Total

Bhadra Dam (Karnataka) Coliforms
' Tunga Thirthahalli to contluence with C C Total

Bhadra
l Coliforms '1

l lCauvery Cauvery i) From Talakaveri to 5 km of Mysore C A Total
District Border Yagni (Karnataka) Coliforms
ii) From Krishna Raj Sagar Dam to E C DO, BOD,
Hogenekkal (Karnataka) Coliforms
iii) From Pugalur to Grand Anicut E C BOD, Total
(Tamil Nadu) Coliforms
iv) Grand Anicut to Kumbhakonam E C Total

I (Tamil Nadu) Coliforms

'T

l

l
l

l l

Brahmani Baitarni Upstream of Chandbali D ' B BOD, &
Baitarni | Coliforms

l Brahmani
= Upstream of Dharmshalla D B BOD &

Coliforms

l l

Tapi Tapi From city limits of Nepanagar to the E A DO, BOD
City of Burhanpur (MP)
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Annexure — 5.4

Test Characteristics for Drinking Water (IS: 10500 - 1991)

\

Limit of
Alternate

Source

S. Substance or Requirement Undesirable Permissible Methods of Remarks

No. Characteristic (Desirable Effect Outside Limit Test (Ref

Limit) The Desirable In the Absence To IS)

1 2 3 4 5 6 7

Essential Characteristics

(i) Colour, Hazen 5 Above 5, 25 3025 (Part 4) : Extended to 25

.
consumer 1983 only if toxic

Umts' Max‘
substances are

Acceptance
not suspected, in

Decreases.
absence of
alternate
sources.

(ii) Odour Unobjectionable I - — 3025 (Part 5) : a) Test cold

1983 and when
heated

b) Test at
several
dilutions 1

1‘

s) ; 1984(iii) Taste Agreeable - - 3025 (Parts 7 and Test to be ;

conducted only l

after safety has V

been
established

N.T.U., Max. consumer
4 ‘ acceptance

decreases.

1984(iv) Turbidity, 5 Above 5, 10 3025 (Part 10) I -

range, the water
will affect the
macous
membrane and
/or water supply
system.

1984(v) PH 6.5 to 8.5 Beyond this N0 relaxation 3025 (Part II) : -

(as CaCO3), water supply

mg/l, Max. structure and
adverse effects on

\

domestic use.

1983(vi) Total hardness 300 Encrustation in 600 3025 (Part 21) : -

mg/l, Max. taste/appearance
are affected.
Effect on domestic
uses and water
supply structures,
and promotes iron
bacteria.

I

l

I

(vii) Iron (as Fe), 0.3 Beyond this limit, 1.0 32 of 3025 ; 1964 -
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No.
S. Substance or Requirement Undesirable Permissible Methods of Remarks

Characteristic (Desirable Effect Outside Limit Test (Ref
Limit) The Desirable In the Absence To IS)

Limit of
Alternate

Source

( 1 2 3 4 s 6 7
I

I

’ (viii) Chlorides (as 250 Beyond this limit, 1000 3025 (Part 32) : —

g I

[_ .

CI), mg/I, Max. taste, corrosion 1988
' and palatibility are

affected.
(ix) Residual, free 0.2 - - 3025 (Part 26) : To be

I chlorine, mg/l, 1986 applicable only
M/n. when water is

l l

chlorinated.
Tested at
consumer end
When
protection
against viral
infection is
required, it
should be Min
0.5 mg/I

Desirable Characteristics
Q

I

(x> I

I

Dissolved 500 Beyond this, I 2000 3025 (part 15) ; '
solids, palatability
mg/|, MaX_ decreases and 1934

may cause gastro
intestinal
irritation.

i

I

Ca), water supply
mg/|, MaX_ structure and 1991

adverse effects on
domestic use.

(xi) Calcium (as 75 Encrustation in 200 3035 (part 40) ; -

(xii)

I

Magnesium, 30 Encrustatlon in 100 36 of 3025 ;

mg/I, Max. water supply
structure and 1954
adverse effects
on domestic use.

I

discoloration and
mg/I’ Max‘ corrosion of pipes, 1964

fitting and utensils
will be caused
beyond this.

(xiii) Copper (as Cu), 0.05 Astringent taste, 15 35 of 3025 ; '

( )

l

xiv Manganese (as 0.1 Beyond this limit, 0_3 35 of 3025 ; '

I I

Mn), taste/ appearance
mg/ii MaX_ are affected, has 1954

l adverse effect on
domestic uses and
water supply
structures.

(xv) I Sulphate (as 200 Beyond this, I 100 3035 (part 24)
S04), causes gastro
mg/|’iMaX_ intestinal irritation 1986

when magnesium
or sodium are

, present.
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S. Substance or Requirement Undesirable Permissible Methods of Remarks

No. Characteristic (Desirable Effect Outside Limit Test (Ref

1 Limit) The Desirable In the Absence To IS)
Limit of

Alternate
Source

1 2 3 4 5 6 7

(Xvi) Nitrate (es 45 Beyond this, 100 3025 (Part 34) : -

N03)! methaemonglobie 1988

mg./l, Max. mia takes place.

(Xi/ii) Fluoride (es F), 1.0 Fluoride may be 1.5 23 of 3025 1 -

"i9/I, Max. kept as low as 1964

possible. High
uoride may
cause fluorosis.

(Xviii) Pnenelie 0.0001 Beyond this, it 0.002 54 of 3025 : -

compounds (as may cause 1964

C6H5 (OH)/ objectionable

m9/ll MBX- taste and odour.

(xix) Mercury ()_()()()1 Beyond this, the No relaxation (see Note) To be tested

(85 H9), water becgmeg Mercuiy ion when pollution

mg/I, Max. toxic. ' analyser is suspected.

(XX) Cadmium (35 0.01 Beyond this, the No relaxation (see Note) To be tested

Cd)/ water becomes when p0||uti0i1

mg/l, max. toxic. l5 $U5P@<I<=-‘d-

(><><i) Selenium (es 0.01 Beyond this, the No relaxation 2s of 3025 : To be tested

59), water become 1994 when pollution

mg/I, Max. - toxic. is suspected.

‘

r
l
l

|

l

I

l

(xxii) Arsenic (es A5), 0.05 Beyond this, the No relaxation 3025 (Part 37) 1 To be tested

mg/l, Max. water become 1983 when DOIIUUOH

toxic. is suspected.

(xxlll) CYa"lde (35 0.05 Beyond this, the No relaxation 3025 (Part 27): To be tested

CN)r water become 1986 when pollution

rng/i. Max. toxic. is susP@<1ed-

(XXW) Lead (as Pb) 0.05 Beyond this limit, No relaxation (see Note) To be tested

mg/|, MaX_ the water become when
tQXi¢_ pollution/plumb

o-solyrany is

1 1

suspected.

(xxv) Zinc (as Zn), 5 Beyond this limit, 15 39 of 3025 : To be tested

mg/l, Max. it can cause 1964 When l>0"Uil°l'l

astringent taste 35 5iJSD€¢9d-

and an
opalescence in
water.

l

(><><vi) /-\ni0ni¢ 0.2 Beyond this limit, 1.0 Methylene - blue To be tested

detergents (35 it can cause a extraction method when pollution

l"'BA5)r light forth in is suspected-

mg/l, Max. water.

(><><vii) Cnreniiurn 0.05 May be No relaxation 38 of 3025 ; To be tested

(35 Cl’), carcinogenic 1964 when pollution

Mg/l, Max. above this limit. is $usl>e¢ed-
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F

S. Substance or Requirement Undesirable Permissible Methods of Remarks
No. Characteristic (Desirable Effect Outside Limit Test (Ref

Limit) The Desirable In the Absence To IS)
Limit of

Alternate
Source

1 ' 2 3 ' 4 5 ' 6 7

(xxviii) Polynuclear 0.2 May be - - -

aromatic carcinogenic.
hydrocarbons
(as PAH)

Mg/l, Max.

(xxix) Mineral oil, 0.01 Beyond this limit, 0.03 Gas To be tested

chlorination take
place.

Mg/|, MaX_ undesirable taste chromatographic when pollution
and odour after method is suspected.

(xxx) Pesticides, Absent Toxic 0.001 - -

Mg/I, Max.

(xxxi) Radioactive - - 0.1 - -

Materials:
a) Alpha

emiters
pci/l, Max

b) Beta
emiters
pci/l, Max.

(XXXii) Alkalinity, 200 Beyond this limit, 6001 13 of 30251 -

mg/|, |v|aX_ taste becomes 1964

* unpleasant.

(xxxiii) Aluminium (as 0.03 Cumulative effect I 0.2 31 of 3025 : -

Al), mg/l, Max. is reported to 1964

cause dementia.

(xxxiv) Boron, 1 - 5 29 of 3025 : -

mg/I, Max. 1964

NOTE .' Atomic absorption spectrophotometr/c method may be used.

None of the generally accepted sewage treatment methods yield virus-free effluent. Although

a number of investigators have found activated sludge treatment to be superior to trickling lters

from this point of view, it seems possible that chemical precipitation methods will prove to be

most effective.

the

Virus can be isolated from raw water and from springs. Enterovirus, reovirus and adenovirus

have been found in water, the rst named being the most resistant to chlorination. If enterovirus

are absent from chlorinated water, it can be assumed that the water is safe to drink. Some

uncertainty still remains about the virus of infectious hepatitis, since it has not so far been isolated

but in view of the morphology and resistance of enterovius it is likely that, if they have been

inactivated, hepatitis virus will have been inactivated also.

An exponential relationship exists between the rate of virus inactivation and the redox potential.

A redox potential of 650 mV (measured between platinum and calomel electrodes) will cause almost

instantaneous inactivation of even high concentrations of virus. Such a potential can be obtained with
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even a low concentration of free chlorine, but only with an extremely higher concentration
of combined chlorine. This oxidative inactivation may be achieved with a number of other oxidants
also, for example, iodine, ozone, and potassium permangante, but the effect of the oxidants will
always be counteracted if reducing components, which are mainly organic, are present. As a

consequence, the sensitivity of virus towards disinfectants will depend on the milieu just as much as

on the particular disinfectant used.

Thus, in a water in which free chlorine is preset, active virus will generallyibe absent if
coliform organisms are absent. In contrast, because the difference between the resistance of

coliform organisme and of virus to disaffection by oxidants increased with increasing concentration

of reducing components, for example, ongoing matter, it cannot be assumed that the absence of

viable coliform organisms implies freedom from active virus under circumstances where a free

chlorine residual cannot be maintained. Sedimentation and slow sand ltration in themselves may

contribute to the removal of virus from water.

In practice, 0.5 mg/l of free chlorine for one hour is sufcient to inactivate virus, even in

water that was originally polluted.

Biological examination is of value in determining the causes of objectionable tastes and

odours in water and controlling remedial treatments, in helping to interpret the results of various

chemicals analysis, and in explaining the causes of clogging in distribution pipes and lters. In some

instances, it may be of use in demonstrating that water from one source has been mixed with that

from another.

The biological qualities of a water are of greater importance when the supply has not

undergone the conventional occulation and ltration processes, since increased growth of

methane-utilizing bacteria on biological slimes in pipes may then be expected, and the development

of bryozoan growths such as Plumatclla may cause operational difculties.

Some of the animalcules found in water mains may be free—living in the water, but other

such as Dreissena and Asellus are more or less rmly attached to the inside of the mains. Althrough

these animalcules are not themselves pathogenic, they may harbour pathogenic organisms or virus

in their intestines, thus protecting theses pathogens form destruction by chlorine.

Chlorination, at the dosages normally employed in waten/vorks, is ineffective against certain

parasites, including amoebic cysts; they can be excluded only by effective ltration or by higher

chlorine doses than can be tolerated without subsequent dechlorination. Amoebiasis can be

conveyed by water completely free from enteric bacteria, microscopic examination after

concentration is, therefore, the only safe method of identication.

Strict precautions against back syphonage and cross connection are required if amoebic cysts

are found in a distribution system containing tested water.

The cereariae of schistosomiasis can be detected by similar micro-scopic examination, but

l there is in any case no evidence to suggest that this disease is normally spread through piped water

l supplies.
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The cyclops vector the embryos of.which causes dracontiatis or Guinea-worm disease can be
found in open wells in a number of tropical areas. They are identiable by micro-scopic examination.
Such wells supplies are frequently used but the parasite can be relatively easily excluded by simple
physical improvement in the form of curbs drainage and apron surround and other measures which
prevent physical contact with the water resources.

The drinking water shall be free from micro-scopic organisms such as algae, zooplanktons,
agillattes, parasites and toxin — producing organisms.

‘

l

452

l

1

-1-_*.___ . i-1a 



;N
dN

g_Q
$_N

_
‘

_$N
__2

O
@

_:@
_®

8
$~

__§@
C

O
N

582:9U_q_‘ DOE‘
£m

w
N

_
@

O
_N

:_
®__©

O
M

U
M

62
O

2

Q
86

O
@

_€#€
m

w
ggd

O
Q

O
Q

N
;

O
N

_¢

C
tr:

85:PgQQ
C

©
@

_*_
8: OO_O

2_V

O
%

__$N
O

O
O

_N
£

gag
gqg
as

N
O

H
V

Q
:

E
gg
dag
266

‘
3:£6OON

_N

$38;
O

m
K

_@
§U

:_
338gg 82%__‘_©

®

$3®¢_
:6 QSQad:@Nh__&_MU

O
¢

Q
Q

N
N

Q
W

Q
Q

N
26

@
N

_
S_>

N
O

H
M

N
N

N
;

gm
;

O
N

;

E
U

gag
_%

_M
U

:*®
©

‘
S

E
5

O
O

Q
:

C
O

6
O

03
____F

O
Q

Q
Q

R
O

ggm
266
_N266$
6_: OO

Q
E

I
w

m
ccok

Q
F

_©
___\m

U
N

N
Q

__”_;$_‘
2W

_©
m

6_@
@

g_hEE__:ON_2K
€N

w
®

_E
Q

__I

O
N

_\_9\_m
H

D
Q

A
N

O
Q

N
©

Q
¢@

Q
_

O
O

@
___

2__
EO

qgé
m

m
E

_o___

K
N

6
K

N
N

®
__u__O

8__
E

Q
F

O
N

6
£2 wm

ccok
gs

32$
3§g

Q
Q

N
ah

\ §_wm
ccok

82

O
8_N

%
_

O
O

Q
M

K
N

O
Q

U
M

M
W

N
O

©
qE

__
had
O

gd
:

w
gcoh

O
2:

MWN
_Qm___ M"

_2____O
_,_

_N
F

C
O

z
_v\__
gm

E
O

N
23>
£8am

;
23 hum

;
O

O
O

N
am

;
__§°6

N
G

G
F

___w
m

>

m85
Er_O

_“__iO
hn_

E
5 >=_g_v_‘__
*0EOU

E
N

U

m
_m_

o____xm
_____<

W
¢_:w

____U
C

_
%

__=
__

*0W__O
H

8w
®

___O
___>

B
C

O
_u_U

_)__uO
‘_n_

U
O

H
O

Q
_O

__n_

| 



 ‘

8_g§_
Q

N
d©

@
_$W

N
N

_
___;__‘N

@
N

h$V
E

N
@

@
E

N
R

N
sgm

v
8&

2
‘*$§O

__

225
Q

Q
N

K
M

W
Q

D
G

Q
Q

Q
“E

N
E

Q
5;

32:

m
g

gm
W

q_
O

___:U
gs;

@
N

_g__‘
og
m

ad

V
Q

Q
H

Q
86

gg
©

@
'"\_£l\

®
@

___
m

gg
$3

‘
Q

.
_‘_:_

8_Q
_
:

I
E

3_

gm
:

Q
m

_®
®

N
g882$V09DWMHNMH
3N

ads
@

866
88

_%
W

_©
__

D
D

QQ
66

S
4;

C
2,”

_
©

B
_m

~
Q

Q
_‘

_
G

m
w

asI
O

9‘
6%‘
gig

M
N

\| 9%;9:“
gZbgmm__m@OWNgm;

R
m

“?
8R

m
?

5%
“E

N
E

”
35
88;

‘
kgQQR

N
;

M
N

Q
U

W
S

E
25

_b_
_h@
sm

g
_&

N
m

H
__

S
N

__:H
$8
G

O
O

:
D

D

‘
G

O
Q

Q
R

I
O

Q
O

Q
M

M
I

gag_
D

D
Q

D
Q

_

W
ggg

m
U

N
_@

_:_N
@

O
©

$_g
B

Q
Q

:
®

Q
_“m

w
N

3
8M

H
M

W
O

W
Q

@
@

®
N

©
K

83%
G

O
gm

S
M

Q
N

_\|@
V

_M
_H

O
W

N
O

D
M

U
Q

M
H

N
g_$_\£__g__

D
O

M
:

Q
__

gQIN
N

$3
K

N
N

gm
M

W
Q

Q
Q

Q
F

at
52
O

09‘
Q

M
“?

@
@

3U
ggm
Q

N
W

N
8E

M
U

g2©gamgQ2‘gQ_;__
gag
83$
O

m
Q

2
D

D
Q

W
R

Q
@

m
"&

_“_
O

Q
U

W
M

N
O

M
W

JQ
E

N
@

Q
:R

_‘
gm

g
gg:

2‘
N

F
F

F
2MNRUWW

>
_g>

\0E
_>

_
“E

E
O

”
82

‘_$>
\nE

_>
_

m
m

____2
82

__g>
\nE

_>
_

m
ugs

22
__$>

\nE
_>

_
£22
82

=
m

>
\"E

_>
_

m
ugs

22
:3>

\m
w

E
_2\"E

__°_“E
gQ

o
__°_e_w

3__w
0

__°€__m
__m

6
___°:~

‘_Q
___U

0
__°_“E

2$0

bags
g;

__°_~
u_:__2n_

H
255

3:;
C

°_U
u_J_uO

__n_
:55
g;

___°_uU
S

“p_l
hug“;
E

gg
__°_“u_aeL
__3N

>
>

w
uss

__°_gu_i°_____
E

O
Z

E
U

C
N

O

A
E

O
N

__~
w

>
g;w

>
Q

S
N

__~
w

>
E

S
N

hum
;

32
:w

w
>

H
E

N
;

E
m

u;

m
mI

U
‘_Z

X
U

C
C

<

M
U

tH
_m

__:v___H
___M

=
uC

H
F

D
M

H
O

H
U

U
M

m
___O

___M
>

“OCOBM
H

U
C

U
U

_uN
O

___
C

O
_H

:__O
n_

U
u_M

U
U

_qO
‘_l

v"_l_y
i1‘Q‘‘ [



_U
_‘

&
2g

__

w
_z

°_
om

am
oa2____&_m=

<
E

93
1

V
<

0”
;

$3

C
5:

_v
_°

__
__

n”
_O

_J
<

<
am

_

3u
:°

__
__

$m
\<

@
N

_
88"OE

E
M

_<
_=

_u
\<

S
_

_\N
LU
k\M

A
‘

_:
»m

Q
w

__
m

Q
:0

:Wm$m
_

‘
M

N
:®

m
©

D
‘

$8@
@

_:
b_

D
_S

Nm3m_m
_w
gma

hK
gN5

6

@nmqOg
g_

_o
m

_m
25mmn

jm
g

V
‘Q

C
‘_

_M
_a8gADM

:

kw
‘

O
g_

:_
om

_m
|O

m
cw

_O
m

egQ
M

‘
‘_

ka
©

_@
O

_‘®8AEOO_‘

_‘
@

W
_1

m
X

”_
_mW(gm

M
O

O
$2

88£8
3

g_
6@

m
_$

@
N

@

M
W

om
am

a
‘

hm
‘

N
Q

O
O

O
N

58_8
b8

@
©

@
_@

D

N_ng___N
m

_
42;_w

@
_8ta
g

3&
8go
:

m_|mm5
m

_‘
Q

og
gw
Q

C83MD3‘‘__H_
:w

D
JN

N
E

W
W

N
6;

‘
m

y
__

~
cU

U
m

_
‘

m
m

w
‘

k_
8_

£M@@N
38Q
O

A
Q

M
;

‘
,6

‘
og

“
_U

_o
O

m
m

m
_D

mQMW@pb
@

D
$6

3
§h

_N
_N

H
w

W
W

9
“S8

9AQU

j
ga

m
go

O
g3

_8
_w

\
E

v£88
8

‘
£8$

m$8

‘
6

m
cm

m
_

‘
M

n
‘E

G
G

S384©__
,m

O
O

A
Q

N
D

“M
ug

6_U___m__jmOmS_
O

m
_mN

V
‘

N
__

‘_
©

O
‘Q

O
:3

8
LE

Q
Q

Q
O

A
M

A
IO

D
$8

6
‘

ga
g

A
L

U
§_

__
m

gA
_N

m
£_

“Q30
6

_5
_m

m
vM
M

\_
_|

\®
O

_g
‘

m
_©

@
©

g@:8M
5

$3
8

@
_O

@
®

_g$8

3Ummgamm
88u

éQu
a

Q
2gm

a£5
\

1‘

K
5

U
w

bgW
_U

c_
_w

M
D

O
“W

u
C

C
‘

@
@

N
_%

“£
56

)b
@

@
>

g
A

pn
m

M
Q

N
O

Q

I
3Omjm

i
m

:©
__

Jm
m

__
_dN

M
Q

N
N

M
W

48
%pgLO

O
A

“\
_w

@
_M

@
6_

k@
_

8%sw
ag

4_
°g

_
:3

“:
_m§

_g
N

_3
‘V

3_
N

N
p;

am

!



9Sb

'sapgq406ug1sa5g(]

se4q1_;;o6u!>|00j)

5U!LI5!l0d

Buguuei

5U!i>i9!d

Buga/g

ugqeqdsoqd

6ugsea45a(]

5U!L|I)E9|9

Eiugzgue/\|29

5up,e|do.|13a|;|

:A|a-nueu’a.|n1eu6up,n||0de;os1uang;a|E!JJ,Sl'1pU!a51eq:>sgpleqlsaplsnpugsep9pJE59J aq||eqsa.:n1euJemugs40ssa:>o.1dJ0sassaawd6u!/v\o||o;9:4140Auea>|e1,|epun12141sagnsnpul:a10N

"pa-mguuad aq||g/v\aJn1eu6u!:1n||od2JOs1uan|,ge|eg.|1snpuga6Je|.psgpqouop1eLpsagnsnpugasoqn,A|uQ"Z

'(sa:>ue1sqns I)!XOlJO9/\!SO.lJOI)'8/\!SO|C|XB'9|C|ELULUQ|}U!6U!SH9SOL|1Bp|"l|I)U!S9!J1S|"lpU!SHOPJEZEL]DUE S|'IO!XOUC|Q)'P91I1!LUJ8C|aq||!MSHOPJQZEIJ-UOUPUBS|’10!XOLlC]O—UOUB12IIELJI1S9!J1Sl'1pU!BSOLIJA|UQ"I
:(pagspeswesuo!1gpu0:>6u!/v\o||0;sq;||e12141p8p§AOJd)egpu1;o1uauuu.xa/\o5)'s1sa.|0;; 191uaLuuo.|!/\u340MlsgugwaqlJO|QAOJddEJO!JdJ,n0q1g/v\seam|eg.|1snpu!pa/\o.|ddeugU0!ID9_[BJ/|QAOJC|C|E Jo;sapuae1U9LUUJ9AO5eJ1qseJeL|e|,qaqlAqpampgsuooaque:>1eq;|saplsnpug401sg'|

AHOE)ELLVDNEHHE)

'9!PUIJ0 1U9U.lUJ9AOQ's1sa.|0:|131ua|.uuo4g/\u340Mlsgugwsq;Aqp3JEB|I)mun|I)9l].1[LUJ8deqJ,0L|||;/v\AnsnpugLpns pue'egpu140lUBLUUJ9A0[-)'S1S8JO;]13J,uawuo1g/\ug40A.|1sgug|,\|aqn,01spewaq||QL|Ssaaua4a;eJ‘sue; Ansnpu!ueq:>gL|MugA106:->123aqq01ses1qn0p;oaseau1',SUO!1EJ8p!SUOI)\|e3g5o|oaapug|Q1U9LUL|OJ!/\LlS ;osgseqsq;uoE>||E‘_|_nueqequ!saglg/\g1:>e|e!.|1snpugLpns5U!1D!J1SB.l/5U!l1!LUJ3d;0asodmd8L|1Jo; /v\o|equmoqssepegpuea6ue4Q‘u:->915'2!/\sapoeqeaaeuqqJBPUHpeggssepaq||g/v\sag41snpu1

VHLHSVHVHVWNI_LI)IH.LSIGElNVH.L'V>HTlV.L HNVHVCI3H_LNIS.LIN'IVI}:LLSCINICINVSEIIELLSHCINIDNLLDIELLSHH/E)NLl_LIl/\|H3d210:!SEINI'E|C|I9

8'5-B-ITIXGULIV

H

HHHXHNNV

935';'sa|nu(uog1:>a1o1¢|);ua1uuo4y\u5|aq_|_



 LS5?

5Ma|1a/v\a['s>p0|3‘sauna/\/\;oslgedeg

5(pasnaq01.|e/v\0dou)sapguepa1e|a.|pue/Uaua/v\a§40a,|n1:>e;nue|,\|

5"319sues>po||nq‘suespueq‘suesusnd40.2-un13e;nue|,\|

5saaueudde|EI)!.l3,D9|8;osnedag

5s>po/v\6U[U9dJBL|S|00i

5(pa11gu.uad10u|eo:>40asn)'31;-2s1ausag/v\

’s>|ue11912/v\’sau.|e1;Mopug/v\pueSJOOD’sa1e5'S||!.l5seLpns1U9UOC|LUO36u!p|gnq|e1aLu40aJn13e,znue|,\1

5(pa1;1!u.uadsq1ou||g/v\

6u1/tuenbBU01S/5U!L|SnJDauols)5L|!L|S!|Odpue5L|!SS8Jpauols’spoo6auols|2.lI'\1I)I'1JJ,S409J1f)Q,lI'\UE|/\[

56ug>1e1.u>p0|q‘ugqzna'5U1AEJ5Ll§]

15un1>u!qX009

531aaaqUannqseLDHSs1:>npo.|d/ugeppue>||!1.u;0a.:n13e;nue|,q

5spoo;1e|!u.|1spuesuea3e1snn’L|s|_4406u1ssaao4dpueBu!/uaseud’6uguue3‘mew40uone/\.|asa1d

56u!>1e1.ue31

5952.1015p|o3pues1ue|d6ug||gq3

5(Mp)6ug1e.|0:>ap1nupuno.:9

5Bugpuue|esewpueg1edn5;oaJn13e;nueW

1(mu40uonvnpold104)Sumu!@1s>’$mw120'Smwmm

:a.|esuopgpuoaa/\0qe401ueLu|||_4|n;0113a[qns’A1o6a1e96u11n||od

-uoupueS|’10pJQZ2L|—UOU’sn0!x0uqo-uouamu!He;A|!.:eu;pJ012x41sagnsnpugeql40awog(1):a1oN

'paq11uuadaq||g/v\amqeupasnggp240suogssgwaa/\g1!6n;1gu.|e10uop1eq1sagnsnpu!asoqn,A|uQ'17

'p811!LUJ8daq||g/v\ssa:>o1d6ug1n13e;nueu11ga1.|1u![eonasn1ouopqeqn,sagnsnpugasoqn,A|uQ"g

'uog1aen,xaBugqse/v\

95.l2L{I)S[p31|neJpA|.|Aqpuespasn;06uu.|se/v\

sapgxo40ugddgng

|eo3;06u!>|003

6ug>|eu1.l8dQdpue5U!SS83OJdd|nd'5U!>1ELLld|nd

$1U9|d‘I/\l'C|U!uS@>1v@q5U!191|!=I

'.|e5ns40uogpeuxa10;u011e||p,s!p’uop,e6n;g.uua3’uop,e.|1||_4’aue34e5ns40Bugqsmg

:leaw;06u!L|se/v\’sauoq;o6U!J9pU9J’s|ew!ue406ug.|a1q5ne|5

LlO!1l2JOdQA8a6e||p,s’|oqo:>|e40uop,e||g1s!q

auqe;;ougqse/v\pue5U!LU!|9p’5ug>1eos’1geq;o|e/\0u1a3

sJg.|qe,1,loBugzgsaq

r 



_in__

8517

5Ja1e/v\|E.l9L|!UJJoaJn1:>eJnue|,\|

5LUEBJD-—S3!JoaJn1ae;nue|,\1

5(5ugu|_JaJoupueu0p,eua60Jp/Kqou)5ug||adxapue5U[LlU!5—|[()
*

5s!1J,eqJe5epuesa|pueaxe/v\

5sA0_L

5S8!J1S|'\pLl!Jgog

51UBLLld[I’1b83!UOJ139|Bpue3!J13E)|9J0A|quJass\-/

5|E‘18LU,l0uogsnJ1x;|

5(s01saqse-uou)sadgdpueS8.l1MJoaJn1ae;nue|,\|

56u1/\ea/v\1adJe3

5(a!1se|d’a1n_[’uo110:>)sadoJJ0aJn1:>e;nue|,\|

5(A\uosassaaoJdMp)5u!/\ea/v\puefuguugdsu01;1o3

5SJ8d99[SAe/v\|1eJ918JI)UO3JoaJnJ,:>eJnue|,q

5sa5epueqpuesazne|ea!6JnsJoaJn19e;nueW

5spoofi3/\dpueaglseld‘auaq1A|0dJo5U![I)|l’\OLLluogsnJ1x;|

5('a1as|puad’suad)s1uaLunJ1sug6up,gJ/v\Jo9J1I)E,lLl2|/\|

5saauenddea1uoJ1aa|apue|QI)!.lJ,D9|93g1saLuopJoA|quJassv

5(A|u0poo/v\)aJn1guJn;JoaJnJ,ae;nuew

5s1uawnJ1sug|eag1euJaLp,e\.upueagnuagasJoaJn1ae;nuew

(papnpxaaJn13e;nueLud|ndpueJaded)sJadedpaqeoa.IE)L|1Opueu0g1e|nsu1

5(papnpxaaJn13eJnueLud|ndpue.l8C|Bd)s1anpoJdJadedpuepJQOqpJEI)JoaJn1:>eJnueW

5(A|uou0p,eJad0Mp)s1anpoJdaueapueooqweqJoaJn1ae;nue|,q

5spo06s1JodsJ0aJn1ae;nue|,q

5S1Ll9LLll'1.l1SU!|Q3!S|’1LUJoaJn1ae,1nue|,\|

5sa|.ueJ;o10qdpueS.l0J.l!LUJ0aJn1ae;nue|,q

56u1Jn1ae;nueuJaaegaoqg
§

5(5Ll!SS9I)OJC|apgqpue6uguue16u!pnpxa)SJ,3I'1pOJdJaq1ea|pueJea/v\1o0;JaL|1ea|JoaJn1aeJnue1,\|

55u!/\ea/v\LUOOIPUQH

5(6u1ssa3oJdAJp)/Uagsouua|0o/v\pueu011o3

5(6ugssaaoJdAJp)5u!>|eu.1|aJeddvpues1uawJe6apew/peag

531as6eq’sasea/v\0||;d

'|l2!J91EllJugppaq'S8SSB.l]J,l2LLl’s1auo1gnbsow'SLl!E’1Ji'DseLDFISspooE>a|g1xa1dnapewJoaJn1ae;nueW

I

5sa6uJJ;puesaae|J05U!>|ELUaqn,pueMap1oJqLu3

sw0o|1;J0wnwgxewaw,011:>a_[qns’SLUOO|JBMOd/SLUOO|pL|l2H

5sgpgqJo9JI"l1I)Q;I'\U9|/\|

_Z.J_J



6517

1s1ua1n,nus1ue|dIDIUQELIQ

1sa/\g1gppepoo;pues.|no/\e|;'S9I)UEJ5l2J;|

1s1uau.|nJ1su!|e3!6Jnspue|e3!paw

1aJn11uJn;|aaJ,$

1sdeng6u1||eg’s|geN9.11/v\'(SS8I)OJdp|03)Bu!/vu-21p91!/\/\

1019luauudgnba6u!1l.|6gaJ|_4’s1!unu0p,2Ja6gJ;e.1'S.lOSSB.|dLUOD'sdu1nd40a1n13e;nue|A|

1sp00;1|e|/\|

1aa;,1o3/ea_L:1ue1su1

1A.|auo!1Ja;uo:>pueslgnasgq’s13np0.|dMaxeg

1JESM100,1Jaqqng

1s13npo1dxa1e|pues3p,3e|AL|doJdBugpnpxa'S13I'1pOJC|qeogpawpue|2I)15JFIS

1a1e/v\A.|o1e.|0qe"|

1sse|[-3|2Z)[1dQ

1a>|o3/|eo:>ueun,.|aq1o|an;Bugsna.|e/v\sse|9

1(ZQ3pueua6AxQ'U950.lJ,!NA|uo)sas26|Q!J1S|DU!;oaJn13e;nuew

1sluawdgnbapues|oo1augqaewpueA.|augLpeu1;oaJn13e;nueW

1sa:>ue1|ddepueamiuum;p|oqasnol.|puea3|_4;040a.|n13e;nue|,\|

1(a>1o3/|e0:>J,OL|Z1!M)s1ue|d6u!1e1aua6LUQ31§

1(3g:1eq0soL|d-uou)sJ,ua5.|a1ap:>11aq1uAs;0UO!1Q\|'1U.l.lO:|

1(ssa3o.1d6ug|goqLUQ91S1nOL[1§M)deog

1s|!0p93,3EJI],X8I1Ll9A|OSBugpnpugs|!0a|qe1a6a/\

I
.S||!LUJf'lOH

1SJEMMeqgueg

1s:>u.ueJaj)

'e!pu1;o1LI8LUUJ9AO[-)’s:1sa1o519J,U9LLlUOJ!/\U340

/u1sgug|,\|amAqp8AOJdd€ueaq9A2L|1eq1salgsugseunseaw|o11uo3uog1n||odalenbapepuewawssassv

|l21U9LUUO.l!/\U8.l9d0JdL|1!Me>1n|e_|_nueqequ!panguuadaquea1l2L|1sagnsnpug401s!"|

AEIODELLVDEISNVHO

'sa!1o6a1e3pz->110a6ue.1Qaw,ugsepE)1l28.l18C|||g/v\Aaql‘M05912:a/\oqeaql

u!||e;1ouopAaqn,aseaue/\g6eug4!pueaauagua/\uo:>Jo;sg1sg|sgq1ugsag11snpug;ouogsnpu!aqi(Z)

1sau.|eJ;|e3g1do40a1n13e;nue|,\|

1(s>1ugpueJ8dQdldaaxa)swan!A.|auop,e1s;0a.|n13e;nue|,\|

IS8Sl2D1!S[DUES)\U|'1J1JOa.|n13e;nue|/q



 i0917

5"319J9L|J,2S|‘sapgq’sug>|s'|e\.u!ue406u;ssa:>o.|dpue6u!uue_L

5|oqo3|v

56n4pagseg

5':>1asappy5n;/sappg4a1:>2q/seppg:pasu1/sappgsad3!}:->q1uAs;ouog1e|nLuJo;puee1n1ae;nue|A|

5uoAe1puesauqgag1a\.p,uA5

5s.:az1|g1.|a;lezaguuaqj)

5spunodwoaJ[BL|1pueaugpog'BU!LUOJq’aug10n|;’aug.|o|q3

5suoq1e:>oJpAqpa1eug1o|qaBug/\|o/\ugS8SS9I)OJd

19|I>uPM|u@3!|EH1d

5SJ9>1I)QJ1)—9J[;]

5sa/\!so|dx3

5spunoduuoaua5011gN

5spunodwoas11puesmoqdsoqd

5(":>1aapgqmawnp|ea’sa/\gseJqe|ep|_4!1,|eseLDHS)s1:>npo1d|2LU.l8L|1—OJ139|3

5sppepues!|e>1|v

5S13|’1pOJduog:1e||!1sgpJ21|eo3puesue/\oa>|oo40s12npo.|d-Aq;oa1n:pe;nue|,\1

5(luuds/v\a|\|Bugpnpug)d|ndpueJ8d2d40a1n13e;nue|,q

-5s||!|,\|.|e5n5

5sasod.|nd|E'!.l1S|'1[I)U!10,1s|!oa|qe1a6a/\pa1eua60JpAq’p,edseue/\;oa1n1:>e;nue|,q

5slueldJ9MOdJeapnupue|QLUJ9L|_|_

5aJn13e;nue1A|Jaqqng3g1al.|1u/g

5sagnsnpug|QI)]LU8L|I)OJ1Sd

5se14au|_4a3

5a>g03/|e0340asnamuopaseqsa!11snpu1

5S1U2|d1uaLua3

5sagnsnpugBugssaowd|QJ3U!LUJBL|1Opue|eoj)

5sassa:)oJd5U1>|ELUA0||epuesaupuno;fiugpnpugsamsnpug]l2I)[5J|'1||219|/\|

=$9P"|3U!M06919»SM1u!u11MllPJ1PH1S9!J1$nPU!J019!!9/\!1QJ15nl|!9'41.

E>|l'1|B_]_nueqequ!pamuuadaq1ouue;>12q1sagnsnpug;o1s!-|

AHOE)3_LVI)(EH

‘Ll0!J,EJ8p!SUOI).10;egpu140luawwe/\o5)‘s1saJo;pueJ,U9LLlUOJ!AU§]40Mqsgugwaw,01paJJa;aJaq
018A2L|||!Msewng"s3BugpaaoxeAepnoue141!/v\/0069129a/\oqesq;ugqqg/v\6ug||e;sag11snpu1

5s>|ug1prgos/1912/v\pa1e4av



__}—

19b

1

1

I

'e!pu1;o1ua\.uu1a/\o9’s1sa1o:|pue1U3LUUO.l!/\UQ

;0A11sgu!|,\|aq101apewaq01sga:>ua1a;aJ'SJ9L|10.10;puesewng's};|Bugpaaaxa1ouAepno

ueBug/\eqS1I)8[OJC|asoqn,Jo;1ua\.uu.|a/\o5)291215aqlAqua>1e1aqmmuo!1e:>|_41sse|:>J!9L[10:1p.|e6a1ug

uogspap‘sapomeaaa1q1pauogluawa/\oqeaun,;oAueuq||2;1ouopL|D1L|Msagnsnpug;oaseau1:a10N

5sorseqsv

5s:>!1se|d

5sugseuanaqqu/£5

5seqsqod

5sap!xo.\adpueS91QJO|L|319d‘sa1e10\qj)

5aua|Ad0JdA|0d

5S9p!JO|L|3|Au1/\Mod

5saqsgwe/\puespweua's1uged

5S),I)l'\pOJd.ua\.|1pue|e:>!waq3-omaqg

5s1anpo.|duoq1e3pueuoq42:>|ep1snpu1

5sa1e!pau.u:-nu!JQSLD,puesa/kq

‘56ugssa:>o.|d10uo113np0.1dsse|6GJQH

.s26|an;40a4n1ae;nuew

5[Q03;0uop,3e;!nb1|'a>1o:>;o6u!>|eW

g 



Z912

s0'ssawe;iwyvmvsv;Ai

I
\

j'a5e%1

1

i.

__,______..,,,____
\\

\

Q,

"Z
o

4|:
“Z

o

ML 0

‘_.
o

'5'\\1,00,,

1
I

\

0s:'050v'oizz'0@000 .0

"“|

,‘_,

961iwv111‘§,vv'=J99‘;»f9“?z9'l¥I@19LTff§'Ij@ff:I:I

990"_§0170’L20@990T0360lL4[0§Lu"0-mmW15/\Ko*'1*"‘*QL
‘I
1

TL

._;4__.._..L..

_,__.._._.._..___é_

1120@9110§9z*0

Q
°°.

o

L

ueléé
§7j”5[PBijV¥1*j_*6* rI

>

.L___

\069'O.}L€L'Oi69L'O
1*“

}

620[000£250~1@r>'e;w;0_00_;@;00@0

"46

“'4
o

'1923019990§9LL'0
\‘\‘

§1ncT|equ1e917W

LZ'Ol0z"0@120§L9v"0§299"_0jewo;u1@6§_|_1!i__iW§5Fc’_>1L_?_*?

4 LA.
co

"7.
o

\41

1‘i1'7~Jndgeg0

i+—1—r-~~—~—~——A—
2DU9§

LZ'0

TC
"’.

0

[030@920111090
\\

FT
<9.

0

L0_9l'0f1E>£E>*QQQ39?’£1.F3..0_9Q

L‘\

L€'0TzvoF220E200“$0990(0010intoimdwqwes‘0|9 ‘\\\A_____.__,______,0‘___,__
@—"i'0T;"=’*

\

'ez'0jeanH20E000§_9ss"019090§é0z"0u1H5!@§___j_Q_Wi?W0iLi?1ig\l*_[@%*

g-1;I1‘

_-,.‘.\‘_,_._0.,,i,___

LZ'0@990Q20;Lz"0iuvo[9s9"0_iL<aL"05edw@ug_§_____w9§p§#1—:;__§

Z20LaveT1120{Z90£2990iv0L0@1900_Leellu"M“>i1T5‘r7"E1
1'ti\1"_""_A*““"”""'7'\ 1»‘‘" \

'‘1§l‘L---’’~~~
LZ'O|L€'O§0z'0_A;sz'0!6L9'O191790zsero»mdwa1uwnupeqgL

I‘Ai‘‘

90‘\ON;
V4\HIN

“/v\o|;|umlag_1_/v\o|;|u.|n1a3;3|-9a6é1a/\\-/amanv{|.|F!ieI§“‘_i*'L|—géé"g’*?’<}|*’§;'3

[SEQ!pl2Ul2l>.|E|/\|

:v\o|=|u.|n1a3pueLndaqJa:|eMuogegul

1';-amxauuv

‘TA

1

\

1

Z

l>

0L1e;s=z;9§s1v\s‘zw"

(w);(w)3(_w){*(_w)_*(w)§(w)§(w)\

M91MStM91MSMsV/v\s§
(HlN'Ell9)8'0=(a||\|-ale)'M0;

i

/.



€9b

>

-
4

I
v

0z'o!sz'0ssro1220lsvoH5590?_0z'0“'“<5/\v
1M"

‘

¥‘
\

\
1

1

LS'Wissws112102@2902
l

Q

1X-960%,_‘

T_____,_

6S'Z

\_°.6_0_.

"1
O0

L4_, 4

O
°°.

1-

§

01_
0.

\
\

‘

w\

9

0

9I994»-T-~

rm

[09'Z!6£'9“SE9Z17'Z
§H3101.

\
x

1

1

950

<54
co

o

T—

‘\!
o

1020Lu-sv'0ivL90¥zvL"0”§md|H06Er
‘uqesiZL

\

1

,[
.0_

\_,‘__

>

i

I

I

I

r
.

‘eusuong
1'

____
1

‘
1L._;_1

~1_,

vz'0;vz'0‘@900__1sz‘p_[0110£0090@0000iindwpvr;_!_1§_/\EJFj@L_L

1

L‘L
5

9‘iA_
1

1_;B

l

‘|

vz'0W90,9L'01920\9v'0@09018LL'0808001033J9/\/\0'1!OL__V

9Z'0

r_

£990
K9‘

\4
\

000\9z"0>0v"0‘L9'0‘§<aLL'0,B1@~\0u:uoi"euuq§1_¢T;0

‘

‘
1

‘
1

1
\

\

0.A
\

_.91

|eLu1,oe)\

51“-4+

K)

L90¥Lv'0

<6

030
Y|eLu10e)\geueuad;/_

1\
‘\

:
\

9L‘O__iZZ'O2|-I-'0KLICO!9€'O~19V'O¥VLL'Q
1QPUQUOBUPJQ

1

1r

‘
*

€L'0gLz'0}0L'0‘L900_.__._,__.___

}-—-A

_‘T

%@090»
9@__9

sz'01090§Lz"0[020

__6__

“'7.
o

L4“,_

o
".o

9[,Z'()
1LUBUEH

1Jauel/\1_;gk
1

‘
\

J

4.5__,.

"T
0

,_, TC, ,-

>

T

—?
r

\‘

\Luepuneweg._£__??_

9Z0@900

‘\!
o

Ri
'-Q

o

L990i0LZ'O1r>@qBw@1!N1@|T>5!wL_g__
H'

\

L

-4
;

n'
a

1
1

;;
1;

1

fpeqewezm1

‘

L
\

‘
‘i

‘

*peqeJep/RHi
~

Q
\___

LL'0

TT

A.
3.

‘..1.4*I
1

F*1'

9L018OOWLO§9€O{V70JWLZD
1J9p!9‘_*9J9.[U9V\H‘V

_0
\

1_\
~

\_____T#_

LL'O

6‘*4
o

T5
‘_.

o

;0Z'0£99110§099'g4ysvgp1pBqB5uB1n\/0Bfllndlem

*
Lj

1

‘
‘“

Ll-'09z"'0l_<aL"0'

T5

L0199110‘us-;09az0_0uvd‘L__'§‘_

-
1

‘
‘

\
1

4
1—\

‘-
V

;*9
"‘''T''ueeuaw\we/\e1

z
=

1r"
1

‘

>\
___,

\peqeuemv
»-

4

1___\____9_'

ZL'OismEs0"'0JRVLYY3090infolégpgevupewuvi'1@§fi_r13W[:

i
1

*

\

0

‘

'
I

J~_

\
\

\
‘\

\

}

sL99,v2zL

(w)l(w)‘()(
~ Ol6

0»)9;0»)(w)'_,w?Lu)
1_

?Mk;
M9_LMS:M9\MS

1ME)
<MSF

~

1MW}

_
\

‘

\

(8lN'Hl9l8'0[MNal§>)9o
\"T;BIN;

1_#_4__%'°N

M0|:|u1n1e}:|
1

MO|;|U.lI113};|
g3|9a6e1a1\vL95B.l8I\V~uop,e19;ugseg—qng§'9

1';-amxauuv

ugseg!.I2I\EpOE)

N\O|ju.|n:|a};|pueqqdaq.|a:|,2Muo!:.1e6g.|.|1

 -



Q-

I79b

17Z'WII-I367‘zeros
I

I
Issrse;

I

I I

1

'36B%I

__>4_i”v 4

sz'oIuro

_cT _

\-

O

;____I__.__ IezoI09'oIsro@z'oI"6/\vI
I F.__-.0

66'0

<B__”

Y\-'

3%4_

'*.C, I

Ill»'lIOV'Z

iQ
M

(|e1<>1(‘I"“‘_“'_“T”*

._.__]_

I
.

I
I

aJo||eNI'WW7 l-8'0

J7-5
v

@

T5
N

C)

I

Ivso980Isezo"2Qudeppnm9l|9CIIv

_026.0

Q
o

M00,

‘r_00

81/O

04
(D

weIoz"0I9ev"0IsvqoIs0z"0
_*0]I

W

1

UBJE/\B/I59U\fI'IA eqedeFpnQI‘1e/vmli

J_

BLIBdEppl'1QI 9Z'O

To

8'0I6l-'0I6Z'0IO€9'OIO6[OILL€'0‘8I°°UJn>II
9IpP!V\I'Z 17Z'O

JI'ldlUEUVIJéqi

%T

_ %I.

2'0suoIezofI0s9"0I§Lz-2'0Ieveo
I

I
II

I

I
I

ugsag..lBUU6d

I-8'82

‘-

[97

('7

".co
N

ISO'S£I

I
,__,_,_ I

I

___i_

'a5e'=/,,

.__ .l_

9l~'0

7|?
“io

IvroIlZ'0

"5
"Io

,6.

‘Q
o

Isz'0‘

J_

-W~15 J__,I 6l-'Z

‘<T

“'3
m

Ive";Iosrz

T:

".In

T;

".
r~

.;_.

“Z
N

l91°.LI
1

L,0

-I__.. I

I

I

j’V9'0ISLICOIu.1eLuu1eu>fn1eun|/IIYZIW
0z'0I620Isuo_Izz"0Ievo

I

/.'0L90_v"
seswoIwewwew______01@II@d“1_[

9z'0‘L20I050Iz
I

(O

O

OZ'0

_-_.@._

(\|

I
I

I

zz"0Izs'0I9L'OIvz"0I090I990IszzoIPQQEJQMHI__!§_QI(I:I_0_I_
Mues~

I

‘V
o

IsuoIvz"0

L__,

(D

*0.
C)

__L

V

010I9090I_@5mpe11!uoIué/\@0@/\I6
eowweF00;1*;ii;

WT.

/(meg1

A

I

_J.

Jnqogeg;"_‘ zz‘0“I290

_(5-‘.. 0

€'

0

FY"

“'7.
0

Tn!”

‘O.
O

I__

IVZO_ILSZAOI6epe9QJpEL|q5U|’1_I_I‘Q
|oou1n>IY

_MyInf”
I~

»

IIII 650IzvoIzz'0E20I990I290£2620Imqogeg7éEisI]*>I15“/7\B"|;’_4i 9L'OI920IzuoZ_IsL"0IsvoIZL9'0IgszoI861801095@wIua1@~\<>T'9
I

=

I

I

I _____,_.____

Jnde|oqgY

I
.

I

_]___

euncfI
5W”

.€_~.

\-

Q

Y:

0I
I

IewoIE90Iesz'0eeupewqv{_eTuILLg15d‘<T(Té9w
IOL'OIeuoI900

II

I

_L

u.1ne6|eg IeuoIzz"0Iofo9»00v0IL90ovao62009 l.I..iEFIQQKQIEWII; ZIOIsvoI000IwoIL9€'OIwoI0z"0Luné6|egeqqe1de;eq_9I9_
Jndeg

I

‘zuoI0z'0I600I90IewoIz9'0I99z"0 I

II
,I’

1ndeL||o>]
QIPPIWLz

9L'O

T[5'

‘*4
Q

_ZL'O'8L'O'9v"oI990|z9z"0
Y

_

I

I

"I I
III

I
.f@1!v\1IJaddn,L ‘

I
I

I

'
F‘M“ I

I\

(D

I-O

Vf£'ZILL
I 0»6I

2
‘(w)I(w)I(w)

E

(w)(w)(w)
(am-ans)2'0I(amHIS)9'0
MO|;|u.|n;a

E
(D

5cn

E(9

3f/J

EL’)

Ew

Q5.
2

O
z

MO|;|u.|n;aIéuua/IIaexe/\vuo‘u|se-n‘"S
auIansvIwas.aq?sI

ugsegeuqs!.1)|
MO|=|u.|n4a)|pueL|1C|8(|.|a:1eMuo!1e6g.u1

11-amxauuv

 '



,2

S911

qr
Y

L‘..-

_ .__L_

WIF. _

\

\

\J

9s'sv\91.'z9

BF

we9as
-a5e%

WT:

_4_.

F

;_

6/\v

N.
o

15*

"Z
o

F _

".o

FT’
°°.

o

,,

o
"Q

o

-#\ _,

€€'0_¥,LV'O
\

>1-1

\__._

I es'ove'@vz"oL080l9¥°.L

‘*1?

"Z
0

_, L___

I-'

__;..

-AB‘

"2
o

jgV

J

£90Lurelvzo
O€'OIBJHPEW

F
"7!

o

‘F,

7*.
0

L6,

°Q
c>

T5

L'_.

gege/\(‘i

L_

‘F

x

\

I
K

x

\

‘

‘wow5s:v'ev

Zugseggege/\

“L?

\__._‘, ._

7?.

L,_. A.

pl

vos‘ares:L

95¢»/0

l___

few
1

»L_____,.._ ,_.__4 ‘_ _‘

_ ____6.___

°!IO

@___“ __* _

co

"Ico

I
x

ll
L£'O19V'0€Z'O‘S€'0LL'096'0

19

\___.

'5/\v

To“
‘Q

o

W

\

i

Z'€98'VLL'0l-‘8€'€L
l91°.L

_,,_,L_,

ellecrol9»
,_

VN1}

vm\

UOJ9|0Q19/v\o"|§9;‘\

}9'0
yen

kclfm

'~D.'\.

oo

B
920]se'o(L80‘Low990 2'01990L0'LEve»72

‘T.
0

UOJ3|OQ1eddnTvL
r

'£*

-op-;JB!UEUUOd§9;
|||edde1lEL|1I'\UJ

szoievo‘l-Z'O\,_ze'oism‘V6.0;0v"o-mvuzwmu-!u@wm!u11z»

''LL’
‘

L.__

‘L._.

\9Z‘O|ZV'O6|/OL€'OiL8'O‘_LO'L‘6V'O91°l9qU~'!°Oll-H9/\91WV‘_

QZAO‘|ZV'OJ61/O‘L€'0‘L8'0‘LOW5_6V‘O
[ e1o1equ.|1oQ|!AoNO1,

91701ZL'O11790V9098¢‘69'L6L'O
9.lOJ,QqUJ[OQ[UQAEQQ1

6,,

$650isvo‘izzoZ901L0‘f6s'0L990wales
RJeuumok9Z‘

Z090lwo1260290_0L'O‘V180_zs'0

~——-

SJOSM/\|1e|ed§A

@108/Kwj@|r>r>!v\1{9

090172110[zzo_1ze'0A010‘L80$290

Aouo1&0
\

‘L
1,L

8O’O‘E'0€€'OV'OOZ'Oe1o|6ue9
‘\;q1e/\e>11\/19

1

9108/\|/\|
é

juesseH

‘LZ'O8840

*_—v

0|aiumsl
9L'0'9z'oE90luzo‘oeo

(e16ueIesw‘
V17

‘o<a'0]Lvv"oW\sz'0iscoOL'Ol_L8'Oze'o"a1osA|/\|Aqua/\eu1e/\ng'3€_

e1osAv\1gugqeyl

_0s'ojvvoiezojean10:0\,?4s'0jzeo

svo1990jzeosvoumsen‘no
2120191/\|

4Z

JaddmL

1

R

R0L

_L.

__,__

3

V
\

ZL J

(W)
LUl.l.lU.)U.-IU-I

M9
,

_._L__.

%:-

E»

5:1!

%,:-

J0'}

W"F

Yms‘
(am-ale)8'0-

1

MO|;]mmag

(2.-n|\|a|9)9'0
1Iam

x-ON

~\o|5u1n;ag
*(mgéeaa/\\1

’a6e1a1\vuogmgugsegqns1'3

'['L—3.|l"IX8LIL|V

ugseqA.|aAne;)

M0|;|u.|n1aupueLpdaq.|a1e|v\LIO!IlE5!.I.l1

i 



9911

119

((0)9)M911910199691191X9-((10)31/091:19101991“09
VT/O63

F

F

988419217999210091

W

8L1Z

A.
A

.2

)0)09991909991919191-{(110)911919/v\919991111n_|91911(111)69
((0)9)M911910199691191><E1-{(1/1)3109199101991

81.917316999

ET

09029106110091

'i_

+

WL1
((0)911/0911910199991191><21-((1/1)21}M9199101921

8./_LL€1699906929112910091

Y

199
19091+((/\1)0)999w9c19991019191-((1)91/v\91=119099\19991/111(1)_>99

'(J91/1|)9999|9a:_f=1v9

T2.

11$9

1Ks
1111139

620921919611091942661149291104917191919911191~\911910191191911(10)19

0941211199611941269991196617119991(M991M91=191019919%06)99119911111(A)09
1199011090191110119170(94-91991)9119a1M9|1910198991196w1@1)611

01010010101K519931(111)917

019110101910191001911(MS91101)1911190091199/1099(1)41>

1
11

1'(tu11/11)u.1a1sA$aq;0)MO|;|u1n1ag1
_1

9941111921691994111792_11761711/1/10919191999/v\s91%99)91199w9<1199/@091(f)91
'‘1'2917
-1

11

290991921172149692111999190912199919
vv

(£911/11)999919099919191911(A1)9v
2464912221210949119999190691119961(iww)9999190I919/v\1_(111)2v
911919691092917910991962(2111/(1)pa;e61111aq01291141

13.2-1W
111901490117901490(w)a1101(1)

£179

_4r___

1917911(\1se19%1'69)9901991195111199$9d91d19590-
;uau1a11nba3191211/1uo1;e6111|1

69
’'099

101.1910621T02210119106214
1-

5

We?

OZZ1-puewap121011001162-u01i"s_'§c5)1(

'5
V

10469L617OL61210L612UO1I18JOdE/\3J10/US$98/3>|Q1

/-\

>
V

6001

10

1

OOOL0001110001uo11e61/\eN101pue99929191|e),ueu.1uo11/\u31

A

.2
V

_:____

(NI

LO

178029093LZ917802/(61eu31

A

V

9092111

610990611>112610919061171121
19111909911

/—\

V

9191:

QT
<1‘

_

‘690291991941>16902

A

V

99
{(01)0}9999-1909991919191-{(11)9}/09119199999999%941(11)49

O17

/.8
98
S8

178

€€

..Z8
“01;9eu10Q11,9

E(D

Efl)

E

1

~1s11v\9(£1111/11)puemaq1912/1/1sso191AgQ9’

61101‘EV01‘61701"161701-9299suodxa162
saw$u9dw1

2.1.

g.

0001910001110000900019100011100009

-1

(QLUW)1919/V\9|q9$!1!ln19101.1

A

‘S
V

00011100011000111000111
(.5911/11)(/11199/2)/v1991999111101

A

'3
V

179921199217992117992

9?

(E1111/\1)110112511116u11s1x3111011/v\0|;1u1n19

A

>
V

0099110099100991100991.(£911/1|)/v\o9199991991999191911

A

.2
V

OOOO910000900009100009(gww)/v\sM9199199911110;

/—\

V

OQLEZS10949909499109499(QUJW)M9119199999990‘/>94;

A

V

08899(£11.11/1|)/1/101:11enuu\-/ueej 109999099991109999
1111

11

T.

/11111919119/\vJBIPM1

LII

_L._..

5

1499011490149901149031906919/\\/1(X1)91
14910149101491014910am96919/\v1(111/\)91

9Z'6L92611_i1(991111v\|)19109(9)1
9908S908(991111v11)119q1(9)1"91
l6'6171116617(991111/11)19191-9909109991

A

"S
V

c\1
A

Z8801Z8801(12111/1|)129111u/1110399019paswd

A

'3

OZOZ02012(2111/11)u011e6111|1u9sa1¢11

/-\

>
VV

08179_,_0917"9(2111/1|)ea1vumog990191

.2
V

O’)

V089V089—(2111/11)991vu/vxog19111

A

‘I,
co

1
LL88LL9811

(9901)991v91991011001

A

TL

1\ LO

69111711691171_(99v1)991v1991ud916999;
1‘11S9.I}EBj}U3!|E$1V

LO

191911M9MS19191M9MS1

‘II’

(um-aw)9'0(um-2119)9'0

("'3

MOHu1n1a3

(\1

1

1

1

\-

H101:l131C11019111‘

Z'[-BJHXGUUV

u1se91peueL1e1/1110a0ue|eg|1919/111

42
92

92

12‘

92

22

12

(02

61

1911

41

V1

ll
O1



i

I

i

E

}7_~"

*‘H"'

Y

\

i

R33e}Morewmeaunsga-{<v\)3}Momwmea
(El!)L8

”oeeez11214zvvaaeas»oeuHoevu\+{(/\@)0)pue§ue0$s<>1o|@m-{(n/\)951918/v\e\qB$x|!1n|e1<>1

\{(/\)9}Moldwmea6uus!><a-((v\)2|}Monawmea

vmz‘L2119112»seemoeuvmn+{(/\!)Cl}P11911190$8019IBM-{(!!)8}/V\°l}9lq9Pu9d9PU/D91.‘

\

1

-

(H)6/.

{(I\)e}Momwmeu5u!1S!X3{(2/\)3}M015wmea

wevsLEILLezeezseemoeuVLZQZ+{(/\!)Cl}PUEll19C1§$°19IB1°i-{(0a}Mv|=1lenuuvueew(!)

‘

‘

‘He4 (cuuw)a:>ue|eg

V

‘

91

\LVL6Z‘Q6072‘Z999QZLQZ‘8€L8L06617
W918/(SSL1}01MO|}U.l18J|E1O_L

A

'5'
V

‘8LV9ZOSBQZBVQZ\69‘86LEILQLL986i

‘M990uoeo
\zwoLSVO

(M901M°I:|u1n19HJo°/006)UOHBBUJI‘

oueg/v\o|;|wmeguog1e6g11|

AA

.2>
\/\-/

ioLo000o
Kleug

‘

/\

\/

OLSLOOLSLOLSL‘OOLSL(MS01nv)|Bu1§r\r>u|40%09

,-\

\_/

89/_LV92‘VBVLBQLL1792V6VL(M991%9LPUBMS01%98)9!159W°Cl1°O/O09

A

‘Z

(ww)u1a1sA$aq;o1Mo|;|wmag
C\

Q5

veeoevsosvzLeveeveeoesoevzL9V9€
‘(gwwwueweo880191810;(A!)ee

1)ee

veeevooexzvvezvzveeevOOQLZvezvz
(EW|N)PUBW9G191EM(11.

Z91OO'17Z9'€Z91‘0O'VZ9'€
(BuW)peww!eq01wv(H)V9

‘11790L9'OveoL9'O
(U1)Uldap191EN\(!)ee

29'/.Tzez(vssJ0%0L)"°!1B5!11|P95°d°-Id1|-8880

H9:1
\3GO8V

ugseggpeueqew;oeouqeg.|a1eM

‘Z1-amxauuv



89b

Y

\

L9

{(A)'a}AA<>|=1wmaaBunmxa-((!A)3}AA<>|=1ulnwalO9

8S9Z€9601-80LLZ696928896

F

F

ELI-Z

+

{(A!)0)PUB"-190$801-912101-{(!!A)a}law/v\@|qBS!mn|E)°.L[()m59

{(A)9)Monawmea6uuS!><a-{(!A)a)~w1=1wnwa}as\

11229)ossmwassescnosessou+{(A!)0}Pw==w@05'-=°1E)lB1°L-{(!!)8}/V\°L1°|q¢Pu°d9P%s4[(..
II

{(A)8}MO|:wmeaunsixa-((!A)2|}M015ulnwgj
H)LS

es1

VLZ9110960LVQZSESZSOV098996978+{(A00)Pu?‘-U90S8619new-{(0Q}A/\°l=Imenwvueewi(!)
(iww)=->=>u=|vE|{‘=1

ZS
Z6962LSOLZS258€O6€ZiL€6SL996Lwas/iseq;O1M0|jum;e1|e1oJ_\([A)L9
ZOQZZZZSOZOQZZELLLLZOVSLLLLL(M9<=1AA<>|=|umwa4°%0s)u<>!w5w|!(A)O9

|_

(:1-~=>|qB1)<>!1=aMO|:wmeuu<>u@6w|J(A!)6V {vwousessco9990
0lo0010i0A518“;1(m)97
LZZ€0LZZSI»22s:0{L222(MSQ1nv)lB!11$"PU|40%os)(1!)/.7
699$SSSEEOE69S€SE9£808(ME)Q4%SLweMsQ1%ss)°!¥5~'~>U-1°C]4°%0s[(!)97

(gww)w=-nssem0;MO|:u1m=—>a§‘a
I

917

;VV
6SS9Ll6L0€QSLSVGSSQLl6L0€89197(gww)pueweqsso.|9|e1oJ_'(A!)EV

ZELLV0§LVZZQGZZZSLLVOSLVZZ86ZZ(gww)PUB"-'90me/v\\(m)ZV

vo9's099owvo9's09'sow(BuW)P°1B5!11!9q01wv)(u)H7

QVO9S'0SVO990(w)u|s!(!)OV

_VO9'6V09'6(\-/59;o0/,,5'07)emvuo!;e6!n|pasodmd|asegj69
1\I

1\
)}U8UJ9J!l’1bQaJ91EN\U0!]E5].l.l]E‘QBE

1LE
42292lwos9942242992woe99422P‘-'EW9Pl91"1l"°!15B-"°“SS<>1s>\(!A

Q

98
0691069;069110692u°u=1<>d@A2|lsv/vases/=—>>1B"|)(A

\/

SE
OOOZIOOOZOOOZOOOZU°!1E5!/\EN1°}PUB9953991IE1‘-'9WU°1!/\u3l(/\!

~_»

VE
esss2mewvesssZLLLisvvvA61eua)(m)£9
ZVV9‘EEGL6057ZVV9€€6L609$?|9!119"PU|l(!!)Z8

'(I)L9 LQLLL662AiovwL£LL1.662lovwQusewvoa.

1\lI

a1A

» (tuuw)puemaq.|a;eMsso19O09
69!-ILL‘6§€LL‘65€LL“

.6; -_

SELL-ssauswdxa6Z
spod\.u|BZ

iAZ
L9€€0LLQOLZOO€9LLQEEOLL90l.Z

E

0294(Eww)1<->w~\-=~>|qEs1|un|em[(uA)9Z
L9OLZLSOLZLSOLZLSOLZ(Eww)(A!402/2)M5)@1qES!|!1n|(!/\)SZ

seessassseesease<€wv\|)uvswwl5"!)§!XElwonMmum1eu((A)V2
ooeovoosovoosovoosov(WW)MO°|q9H$!U9|d9H|P1°.L1(/\!) 31CZ

00294009910029200292gww)MS~\<>|=|<->|qes!mn|(m)ZZ
ossos0990209909.losses(ww)AA<=u°|q9P'~19d@P0/94'(u) e°YLZ

OVSOLLOVSOLLOVSOLLOVSOLL(iu-IW)/V\°|;!I97“-"1\1"WWI(!)OZ

EA;mq=|!BAvwe/v\\aan

1an
I

ILL

SVO9S'OSVO990HIE)959-'9/\Vi(X!)91-
0Z'OOZ'00Z'0!0Z'0am@5wAv£mA)SL

sassIso‘ee
€Z'Z9€Z'Z9

(\-I°!ll!W)|E1nH(q))H
\sx (u<=!||!w)\wq1n(B)

22'amI22'LOL(wnuw)|=1<>1-u<>!w|nd<>d\(!!/\)ZL
ESVEZESVEZ(eqw)ee1vumogssmg)pasodo1c|\(g/\)Ll
2wI2w(eqw)uo1;e6!u|;uase1d](/\)Ol
E6./.'§LQGISL(eqw)eeJ\-/umogssmgf(A!)6
LS€"VLLSEVL(Euw)vwvu~\<>swwRm)8
wowE

LVO'8L(euw)EwvB1qwm|n:>[(u)

|\(O

L8Z'L8LBZ'l€(eqyq)eaJ\1|eogqd216oe5)1‘(g)

sa1n;ea=|1Ua!|E§V

lf)

I9¥°.LME)MSl91°J.

3an

M9

V

2Z

HID)9'0

M

MO|;]UJHISH
I

I(am-ms)2'0|-

N
‘._

\H‘E);l|El|C1|O‘8|v

U!SB!.lBI\BpO§)JO3OU€|B.l8I|.BN\

Z'L-QJIIXBUUV

ssl

vs
1as

\

A



69»

{W9}MomwmeaBuus!><a-{(2/\)2)Momwmeal

OQVGLQZ68‘LZQOLGZLZL\€ZVL9O€LL‘TU/\!)G}PUB‘-U9035°19|91°.L'{(!!'\)8}1919/V\9lq99!I!1|910J_(H!)

I
I

9x09ease1069-sowcan8ZL9'+(W)0}PUBWQG$9°19|91°i-{(u)9}M01;elqepuedep%9L|(11)

{(/\)9}M0111wmea5U!1$!XEl-{(v\)3)/v\0|;1wmea

90092szssssovzsszszsawzsevz+{(/\!)<1}puBw@053°19l91°.l."((!)8}N\°|;!I9"WVueew(!)LL
(cww)a:>ue|eg"H9/_

SL98896908Z96LL99!-S96082L9L8‘M915559Ll1°1N\°|}UJWQJ|91°.L

I\

'5

)

98Ll-809009182./.LLQOGZOQGZZL092(ME)°1'V\°I;JUlnlatlJ0°/006)U°!195!11l

,~

>

\
{(/\>9}Momwmaa6uuS!X3-{(v\);|)M0\;1wmea

‘
9L

)21

A

.2

)

VVVOH90889098€'0I(€'L'9lCl9J_)QDEH/V\°l:!UlnlatlU°!1E5!1-ll

O0OOOO
/(Emu;

,\

V

LZZEOI-ZZELZZ€0LZZQ(MS<31NV)l9!113nPUlJ°%09

A

V

699$989S8096998Q892202(M9O1%GLweMS01°/.,9s)<>uS@>w<><:u0*=/009

,\

Q

|\(cww)u1a1sA$aux01MOHummg

<5

29196sasszvL6€99sues99221:/.6299(Eww)puew@c|5$°1E)lE1°i(/\!)

9z6s9messus->2292669snagsmass(€ww>PU9W9Cl1919M|(!!!)

0'9009(Buv\|)newwlan01Bwv(H)

ZLO'1?LZLO'VL(VS!)1°°/009)"°!1e5!-"IP3$°d°1dll'9590
zzowwe0o'9nowL

._..

we990|sv"o990(w)a|9(l)

9‘13\0‘0av

ugsegpa/\epo9;oaoue|e91912M

Z'L-BJHXBUUV

,2
—-\

? 



OLI1

IL9
{I/I)9)/I/\°I=Iumlea5U!1$!XEI-{II/I)3}M°|:Iwmeai09

V9789LL6€LSSVS68L99
I

6oxzvs+{(/I!)Q}PUB"-19C!S8019lP1°J_-{(!!/\)8}191PN\9IqE$!I!1I’1|El°.L(III)69 I

{I/I)9}M°I:Iummeauuwa-{II/I)3}N\°|;Iwmea89
08968LL68IV9LS€9L798

I

6.
!\

O)

II

461192+{(/‘-!)0}PueweaS8019IE1°.L-{(II)9}M°IJelqepuedap%SL(II)46
((/I)6|}M°|:Iwmaa5U!1$!X3-II!/I)3)M015wmaaesI

I

useree994917sovsv646szvsv+((/\I)<JIPuew@c1$$°19I9$°J.-{(!)EI}/I/\°|;IIEFIWVueaw.

(gl11|/I|)<->vlwI*=HI"

(I)99I
=|vs

I89

L989L89OZL86LVIZO9€LL€L6IZLVVU-1915/I$91-I1°1/V\°IJI-“T1191I91‘-U.II/\
6L0€LZLLLL8OEL9L86V888Z86I(M991/I/\°l;!U-‘"3981°%06)U°!J95!11|(/\

I

,zs
)L9

)09
)6v IvwoVLS'O2260Iseeo(21-9I¢IE.I.)°!19HM015wmeaU°!lE5IlJI(A!

000000I
/ImusII!!!)av

OL8L0omom0‘omI
(MSO1uv)IB!11$l"IPUI1°%09(II)AV

LLGL962099»um96zIOBSL(II/I9°1%9LPUB/v\s<>1%ss)°!l$9l11°CIIv%o9()911
(gun/I|)|.ua;s/I5aq;0;/v\o|=|UJFIIBHYEISV

[___.

V7
O€9Z178986LL9LZZ089278986LLQLZZI

(aw!/II)PUBWQCI53°19|91°J_

/\

.2
V

U)
V

I€69LZ£6179LOOZLL€69LZ‘£679LOOZLLICWWIPUEUJQG-'919N\

,-\

\_/

(\l
<1‘

S999S999OO'ZS999I999'8OO'Z(El-IW)P9195!11!QqQ1991V

/\

\./

LV
svo990svoI990(w)we I

/\

\_/

OV

69 99999999I
(\'/S919%L'LV)991VU°!195!11|P95°d°1dI959OI

I
1uau.|a1gnbag1a;e/I/IuoI;e6!u|‘QQ9

I
~

I
I

LEBVL919$L99LLL€6VL9L€£L9SLLPUEUJQP|B1"1|"°!l59'J°U$5919III/II

I
III

Ag
‘9E

uoI;eJode/I3Jgo/uaseg/e>Ie']I(A)98
087808780817908118
Z91Z91Z91Z91uogeg/\2NJo;puesaseaIe1IEIUSLLIUOJIAUQI(AI)VQ
EZL89Z98617ZEZLi-I9Z986172/I61=wai(II!>Ies
6L9998OLsssz6|-98980LseszIBIJISFIPUIIII!Ias
2262999»sezz6966999Lsezz=I1$@w<>c1III) II

(gww)puewaqJana/VIsso19I3
ILEI

06 III

091-091-094-094-oazs§u<>d><a

ovsv$11°dWI
II62
Iszl
,Izz 88989EEESL0938988989€€€SL09389(QLUW)1939/VI9|q95II!1n|E1°1_I(!I/\)9Z

seamESESLIf-zsssuseemI
<9wvI|)(/I1402/z)/v\s>9|qE$IIIlI'II(!/\)SZ

LL98LL98LL98LL98I(€u.1|/II)uoI;e6I.u|5uI1sIxg11101;MOI;Iu1n1egI(A)LYZ
OOOQZOO0€ZOOOEZOOOEZIgww)M9e|qeu$Iu=->|d@aI91°J_I(/I!)EZ
OSZSS0928909289IoszssIsww)/IIIS/I/\°|;IeIqHsIII1nII!!!)ZZ
96L9986L99S6L99£6L99(gww)Monmqepuedep%s4III!)12
S8L9L98L9L98L9L_JI98L9LIgww)/I/\°|=IwnuuvUEQWI(I)OZ

/IuI!qB|!eAv1awMIaI6»
Ian

LL
SVO99/OSVO

‘<3
‘Q

0

I

g|99§BJ8I\VI(xg)
OZ'O0Z'CIOZ'O

95
‘*4

o

am@6219/\vIII!/I)
06120612I

(U0I|l!W)|E—"”|&I(q>IIn
'cal

08780978(U°!I|!W)uwn(BM
OZ'9GOZ'99

A

'3
\-/

(UOIIIIVII)IBIQJ:u<>Iw|nd@dI
9LO'ZL9L0ZL(ELII/\|)eeuvuMo$ss019pesodo1dI

,-\

'3
\_/

ZEL'LZ€L'L(eq|/\|)uoI1e5Iu|;uasa1dI(

>
\./

880998O'8(eu|/II)ee1vu/v\o3ss0J5)I(AI

\_/

ZL

LL

ml
6

89’V'L8971-Ivuw)wvU/I/\°S1~'-INWII!)

CO

evz'6I6vz'6(=uw>Bwv9IqE'J"1InOI(I!)

!\

szzuIsum(ELIW)E91VIB°!lId915°9E)I(I)

(D

S8.|l‘l1E8;]IUBIIESIV

LO

MSIMS

<1’

II
II

lewiIME)MS|91°.L

I0I (um-HIS)s"(BIN-ans)9'0

0')

/v\o|=;u1n;:-:3

N

I
I

‘-

HIE);IEICIIOI9Iv

Z'L-BJIIXQUUV

Li

I|BC|l1ll2L|0U|II2IJBABPOE)Ioa0ue|eg1612/I/I

I
in‘

9L
QL



IL?

L8

788i-8£9821?869LZLVQLELOZLQSLOEI+W(('\!)Cl}PUEWQG99°19l91°.L'{(!!)8}M9!)9\qEPU9(f9P%9L!!)6L

9
”{(I\)9}Momwruaaungaxa-_((v\>2}Monawmea8L

9L2weszvoesuzseswLOZLLZtOV+'€(/\@)GfpuewaqSS<>19\B1<>L-{(1>aYM0ulenguvueewK!)

LL

EFww)9°"¢lI?8‘H9L

9L

ZLZVZ09981»C51990899LLLBLL69L?
W919?“QHIQX/V\°\}U1l'\191I910).(!I\)VL

szvoz2922»svoz€6LZLvusuGLZL
(I\AE)°1N\°l:1U1"\9tH°%06)U°!1E5!11!

A)SL

Z

1
7

9'{(/\)QYMOHu1n18a_Bu(1S!X3_-'((!A)a}~\<>\=s
wmaa’929

2990299211zL29zsunsLOZLsoesz+((A1)0}puweo'§§~'>1slE1°i-((2!/\>9}law/v\anqesnuniem(an)

T0)Q}M015wnwa§uu5!X3-T6/\)3}~\<>1;\Lumen;09

7vvvovuqo22909990
(€'L-9lq9L)°!19HMomulnwau<>@w6w\(A!)ZL

LL

0000oo

Kwua(m)

OLSLOOLQLOLKBLOOLQL
(MS°1llV)l9!1\5|"\DUI)°%O9(H)OL

LL6L962O99LLLGL962O89L
(ME)01"/09[P119MS01°/098)9!139W°G1°°/Q09V(E)69

9’
’

Qww)wa1sKseu101M<>|=|u1m<~=a
'999

L9

LLLL9OH-92L99L€Z9909LZEZZL9€9Z
(€WV\l)PUELUQG59°19I9\°_LN)99

7€8ZVVELZZOOLOZ9'PL9€QVGQLOO89L

(EWW)PUEWQCI1919N\\H!)99

0LZ'Lwv00's0LZ'LLZ'V00'?
(Euw)P9195!-I1!@q_<>1e<-11vu)1;

1190L9'0sivo990***
(11)aleU)29

I

9’__Lv
OLZ'L

0Lz‘L
9’_(vss;<>0/qoeiuouwwlr>==~s°351du-Bseo29

H9
=1200

!||edu.|eqou|1eg.|eAepo9;oeoue|eg1:-mam

Z'L-GJHXGUUV



2L7

1L9

_1..__

O9

69

{(/\)9)M<>|=|wmeuunssxa-{(!/\)3}~\<>|=1wm<->a§

OLSS

3

LSS00$98$L

F

ZSL

ET
V

<-

+

es
{(/\!)0)PUB‘-"90S5019l9l°.L-{(!!)ea)Mvuelqepuedap%SLi(!!)LS

as ((/\)a}M<>|=|ulnzea5H!1s2><a-{(v\)3}M<>|=|wmeai
0879L

F

0L66S90LL

IT

2SL

F

296+{(/\s)0}pu=w@c15501918101-{(!)a}M@|=|muuvueaw‘(1)as L99

I(sww)Qvuvwa'=1vs
ES

29
98L72LLSS9L0928L9€O2L7LS2LLQLLu1aJ,s/isaq;01/(A01;um;e1|e;oJ_(!/\)Lg

sunVSBSLezuL0€€Lluau{oeeL(ME)<>1~\o|=1wmea40%os)u0!w6w|(A)os
e9e'oL970(sszoioseo(e1-<—>|q=1.)<>!1=a-<=|=4wowsu<>!w6w|(A!)ev

00o0(0loA619“;(m)sv
(MS°1||V)lE!115"PUl4°%OS—(!!)L7 woe0woe|woe(0(woe

!e094SL7€(ME)°1%SLwe/v\s<>1%se)valsewvo40%os(!)9v QL07809SL7518L07
!

\(gww)w=>v=Ksau1<>1M°1=su1n1@a'3sv
>

I77
9280L670512LLLL79280LL67092LLLL7(gww)PUB"-190s1=<>1s|Bm(A!)ev
oesov0029»oswzoesov100991oswz(gww)P"E'J-1aCl191EN\!(!!!)zv
€S'L0S'€€0'7€S'LL098€O'7(BuW)P9195!11!aq°1E91\/(u)_L7

areos'0svoo9"o(w)we. (1)ov
€S'LESL(VSQ)0'1/uQ'QQ)EQJVLlO!]E5!.lJ|P9SOdOJd|QSEQ6€

1U9UJ3J!I’lb9JQJEMUO!}E6!.l.l|‘Q99
L€‘

eveezevzeizesezlsvsez

E.

729LGSEZpuewap|e1n1;n:>u6e-uousso19(IA)99

osvsLoeweoevs0878UO!}E.IOdBI\3Jgo/usseg/e>1e'|L(A)Si-I

boozooozooozooozuogeg/\eNJo;pueseseeyex|e1uel.uuo1!/\u;|[(Ag)79
fevzsosoxsewevzs090L86L7/<61<~>ua\(m)€€
2809S29L85272809

L_..

SZQL8927l9!115"P'-1|;(H)ZS

9808ELSEL9979808GLESL997v!1S@w<>uy(1)LE

(gmuw)puewaq.|a;eMsso19(309

0628"0628"06280529'00!-SLsuodxa1oz
ones'==uvdw|82

1LZ
009§Loosu00099oosszooeuoooes(gww)1a1@M@|qB$!|unmm](u/\)92

oosmoosu;ooeu[ooeu(gww)(A!1°e/z)/v\s>elqwlaznf(!/\)sz
sass[easesasssass(uuw)uo§1e6gu|ugsgxgUJO1jMO|;|um;e3!(A)72
00792007920079200792

C

(gww)/v\s>@|qwS!u=>|d@alvmi(A!)ez
oooesiooossoooss|oooes'(cww)MSMom@|q¢S4mnj(u!)22

O7LO907L0907L09[O7LO9(cww)M01;Blqepuadep%SLI(u)L2

OL869mesamess1[owes(iww)Mm:|Brw_u\1ueawi(!)02

Al!I!q9l!9'\V1919M;B6L

BL

LL
87'009'0970

F
‘O.

o

EH9e5eJe/\v(X;)9L
szosz'olszo

E
N

0

am@5218/\v(m/\)9L
20'772077(u<>!mv\|)lema(q)7L
90'0LI9004(uv!||!v\|)ueqln(B);eL
80'7LL80'7LL(u<>uuv\|)|em-u<>u¢md<>d(!!/\)ZL
2809228052

r

\(eqw)eaJ\-/UMOSssoxgpesodmdf(g/\)LL

88'€98$(vuw)uwzewnlueswdi(A)OL

LL79'9LL79'9L(eqw)emvu/\/(03sso19(A!)6
92S'SL92$SL(Euw)v~=-1vu~\<=swN1(m)9
762'6L]vsz'eL(WW)Bwv@|q@m1|o:>(n)

I\

90L'S2

_L_

80L'92(eqw)ee1y|eogL|de16oe9i(g)

(.0

S8.l}B9dJUBHESV

ID

M9MS1lE1°J.

3(D

EII)

<r

Ez.

ms)8'0|

ZZ

HIS)9'0

("3

l?1°J.

M0|;w|LIJFHQH

(\l
‘__

'|Hl@IIH(<1I@lHiv

31-a.|nxauu\1
L

U!SBBUL|S!.l){1.083LlB|B.l9I|QN\



 £Lv

"M011eiqepuedep%9L1°;gww0092Ki:we

M01;ueaw;oeseougEww9031;moqeAqpaonpmaqmmeoue|eqaux‘wnocaoeo1uqsgm6up|e_|_

ii

____L__

___J_4

___,__

'°/09\l"IOq€‘QMO];UHJIGJPGSBQJOUQO)GHQPQOHDQJQq|]!MS9Jl"l6l_1A][|!qE|!BI\EJ9)BN\3’JE}JT\§l8lONQ8

pampgsuoo1ouéouaq‘Mou|enuu\1ueewp8e9X3

4
Y

_.4_._,_

.__-.-—

_7__,-_

((/\)9}N\0I;\wruea5u!1s!><3-{QM3)M014wmea

Z099‘VI-C91-69'

+((A00)ngweassmsrem-((11)9)MquQnqwpuedep%9L(

_.__~_

I\

(W9)M015wmaaBunswa-{(v\)3Y~\<>|=\wmea

890?VLCV9L€

L9ZL'Leaevszv

Lvsz-azQLQZ‘¥
+((/\!)c|}r>u@wa<18501912101-((!)a}M<>u1vnu\1vvegw

(,,ww)~'-mums‘H9L

9L_

\__1__.__

QZSZEIBLSZV806EZI-LZ0998b

L____1__._.--—

9179

u1e1sf\seu;01M01;u.\n\aJ|e;ol(m)9L

2
2

.

99L9ZoexszLL92vsoozLSOQLlaoozI

(ME)OIMOH\1J"1BEiJ0%06)U0!lE5!11l(A)EL

\._»_-

€8€'OL970882009€'O
(€'L‘Qlqel)OlleblM015U~1"!9}:|\1°!l95!1Jl(/\!)ZL

Klaua(m)LL

woe0woewoewoe
(MSQ1uv)\eu1$npu\w%09(1!)0L

000q[oK0T
0

SLO?7E09QLVQQLOV(Z09GWE
(M991%9LPU?MS01°/099)3!199'-11°C!J9°/1109(!)69

l 

QLZO6£8798LGLVS[OGVL6€€9O€L9B09

\

(Eww)wa1sAsaux01Monaumwa'989

\

L9
99 (gww)DUBUJBQSSOJQ|E)0j_(A!)

Z8709Z9262OOZL€‘VVQLQVQEVZ09ZL€7

(eww)nueweo1=->18/v\[(2!!)99

svb\o9'0

(wmls(!>

6Z'Ll6Z'H
(\-/59;o"/.97)uog;e6gu|pasodrud||-aseg)39 ezu609oz";§z'usockw

(Buw)P=-new!an01ewv(n)vs

evo090

$9

H9‘5L3\00%
a

v

Z'L-BJDXGUUV

ugsegeuqsgm;oaoue|eg.|a1eM



_v____‘._........._V-—~*'

=

H1?,

(M)8}/V\°|;|umwa5U!1§!X3-{(v\>2)Moldwmeal

L9

O9

69
89

Ll-|-9LOVL9‘ LJ

I

“H

“F2-
<0

<0

ow

co

Q‘r’l

(/\1>c1}puew@0$Sw9|e1<>1-(0!)9)M00mqvpueden“/0941(u)L9'

99 ’{(/\>9)Momwmea5U!15!XE!-{<v\>2}M013wmeal
L7029LOL6L

‘-
Ll’)

(\|
P

G1

('1

(D

+{(/\!)0}pueweo88019rem.~(0)'a)-<>e=|IBFWUVueewi(!>99

\-

O5

(I)
\-

(sww)aauemg';lV9

€§
Z9 I

IV
9021»0962{sawI-098vvzz199mwas/<8em<>1M0uw01B1wml

'3

‘-
no

(M901~\<>|jUJ"19HJ°0/D06)uouewal

1-\

>
V

O
KO

zen»:111992su:$1922swz‘sea
LEI0 lwoevoL€'O(21-emu)oneaMomwmaau0uB6w||

/‘\

.2

ow

v

O[000000‘O00!0oA0|00"oKleua
8L9(MS01IIV)|Bu1s0pu|40%09

-I
:5

I\OO

<r<r

us0usus|0I

ws|9esvswslealsvs(M901%9LPUBMS<>1%s9)=>u$8w<>c1;09/Q09!

I
an

<2-

(gww)u.|a;§K5aq1o;Mo|;|u.|n;a3[

u.i

LO

<2-

_..,._ V__.|

|1W
egsu6129seesI€99LLezzs2929(€ww)puw@0s$<>19|e1<u(A1

V

O’)

<2‘

evuoozvsvsz|8VI-LO02vevez(gum)puvwac:law/\/\(m

C\l

‘Q’

eeowOL'O090I00»I010I020(Euw)p91B6w!eq01wv(u

1-

V

0909:0I090940(w)ans

C

o
<1-

€6O'I-leow(vss40%02)wvl1°!1l?5!-IllP9$°d°J=|I@820168
1uau1a.|gnba};|Jana/v\uogwgm'088

ueu.1ep|e11nou6e-uouSSOJ(g/\

@I\

VIC’)

T

uoglemde/\3.00/uesag/exie-|(A)99
009uoueg/\eNJo;puesesea|a1|B1USLUUOJ!AU§|Ag

V‘
(*7

0
1

swv1640i|9seslswv6LOLleaseP01.9
0091P09loos_I009
009009I009|(

seesen|seeI064

V

C‘)

0')

S-WI-L

001les»A51au3|<u!
welzoeawn!we209|e!11s0pu|[(II

N
0')

28888VVL2821-889VVL

P

("3

(gww)puaweq1e;aMsso19

O

0
<0

zxg1iE
vusawoi(!

2922su0dw|
sesz9602essz9602sevsuodxa

.II

62
I82

L2
L€999L82909289ILVLOLL828989(CWW)191?/\'\9Iq99!|!1nIeloi

:5

no
N

L828L828L828L828(£wv\|>(A!102/z)/v\s>9I¢lB5!I!1

'5

In
N

Va...

L68L68In-as‘Les(€wv\1)uonewn6uus!><3U101}/V\°|dwmaa

>

Q‘
t\l

osevoeevJosevossv(£ww>ME)e|qBus!u@|d<->arem

A

.2
V

0':
N

0989098909890989(QWW)N\SMold3|q95!|!1

Cl

N
N

oeev[loesvoesv

T

oeev(@wv\|>M014arqepuedep%s4|

A

V

‘_

(NI

0229|0ze902290zs9(ww)Mmwnuuvueevu E

7<1!|!qv|!B/\vwwM

UJ

ca

8L
LL

O9'O9L'0we@6919/\v(X!)9L
62'O

V__._;

can

N",
oo

§5_'

“!¢Q

oo

az'0am@6919/\v(m/\)QL
Z012O'L(U°!I|!V\|)Iem(Q)VL
8L'Ll9!-L<u<>!mv\|)ueqm(E)EIL
2'8LO28L(u0!||!v\|)|e101-U°!19I"d0d(

‘§V

(\l
\-

21198119$q|/\|)ee1u/v\osso1esodw

‘V

(Bvsonc||(

>
V

‘_

‘__

66'066'O(euw)uog1e6gu|1uese1d

A

>
V

O
\-

890'2902(eu|/\1)ee1\1umogsso19

A

.2
V

cn

9961L61(euw)eeuvu/v\o$1aN(pg;

IX)

9808

T

(Euw)E-91v@|q@mu0o<u

V

I\

|VO'€
L299299(euw)eeJv|e:>gqde16oe9

C

co

sem:|ea;|wages

<

10

191°].|IEIOJ.

<1‘

55?"
z

2(D

2U)

20

“L____

2U)

HID)8'0IEIIIN'EH99'0

0')

/v\o|=|umzag

('\I
V.

Hlslalalolnl9|\—/I

Z'[-8.ll"lX3Ul.lV

LHSBQ.lBl.lLl9d1.08QUE.‘|€QJ9I|.BN\

J
!
i
LA

O2,



SL7

>

\

r

\

\

I

\

\

\

V

)

1

I

r

3

'M°lJ9|qED\19d9P%9L10)EwwosvM1we|G8

MO|}UEBLUJO8599U!€LU|/\|QQLlI'1OqEKC]DGOHPSJsq||!Meoue|eqSL1}‘IUHODOEOW!SM}5U!>1E_]_V9

'°/OLLIHOQBM1MO|jUl'U\€9JDGSBQJOUQO)BpPGOHIJBJeq||!N\SQJHBQ,M!}!qE|!BI\EJ9}?/\/\BOEQHSSXON88

peuapgsuoayouaoueu‘M01;|enuu\1ueewpeea><3|~Z8

|L9

((/\)9)Momwmea5U!l$!XEl-((v\)3)Mowumwa]O8

F___l___

___T___

V98‘6LL‘

TO’)

@
.-
.

:

T07

Ism-+(W)0)puewecQ5019new;-{(!1)a)MOI)wqepuadap%9.L(!!)BL

,___

((I\)a)W\<>|;|ulmea5u!1'-=!><3-((!/\)3)Momwmea8L

990)

$—
<\l

ov

I"("J
.-

?7>'—

('1

‘r___

('3

+(M!)c1)rweweo8801918101-((!)9)MOBwmwvueewl(!)LL

’T(,ww)wuelee]‘H9L

__7__

T

9371u.1e;sAseul01M01;u.|n1e1|e10_L(q/\)VL

BZI-V

evesuse‘L89IuevIesez

sueaw19609|98LZI019(M9Q:M0):wmau)0%06)uOue5w1(A)

l9)

8L
ZL

O

@1-

voevol|LEI'O|L€'O(21-emu)oueaMomwmeau0uH6w||(A!)

LL

("3

l\
l-O

O

‘000lo

‘us|€L90us(MS0:nv)|B!11snpu1)0%09(!!)OL

L79

K5-lava|(1!!)

(ME)01%9tweMS01°/099)<>!:s@w00)0"/009‘(!)69

(cww)wewsam01Momumwa|'999

|49

067816LZ9UZ806178)-

O5

F

<1-

co

___6_

ca

ix
~<r

ln

__$__

ow

'——-n
vm

LZ9uzs(gww)PUBWQCIS8019|e1@if(I\!)99

9LO6OOZVGL8?QL06oozv94911(gww)nuewaoJaw/v\|(us)99

O9€'LO0L'OO99'OG981OOL'0O§9'O(BuW)pezewsan0:Bwvl(1))v9

09'OGLO0909L'0(w)we(1)29

0951170951')(V593°%L£)UOIW5!-"IPasodo-‘dll'9590

HE)d3GC)8V

)_

Z-L-amxauuv

LHSBQJEUU8dJO8OLlB|EQ.l61BN\



 .
I

I

IMOI}9lqBPu9d9P%SL1°J;\l1V\l0085‘QPUB

MO|jueau.1;oeseougQmwQQ1191H0qEAqp83p8Jaq||!1v\eoue|eq9L|1'],UnOOOB1OU[S[L|)6UI)1BJ_

"3/OQQ1FlOq€MO]}UHJIGJPQSBGJOUL01:-mpPSOHPSJSqsemgILLLLIQBHEIIB1912/\]\QQBLITISIGLON

penepgsuoo1ousoueq'Mo|;|enuu\1ueampeeoxgx

{WQ)MOHwmea6u!1S!><3-{(!A>3}/I/\°I=Iumwa£9

017L€699L60119’Z999(>zs

{(/~)9)Monawmea5“!1$!XEl-{(!/I)2|}MomLumen

III

-'‘LLIL-+(IA!)0}PUBWQG$$°1E>I9I°.L-((14)Q}M°I}@IqBPH=->d@P%9L!!

L9

OSLL‘699LGLVE“L8ZV'609'ZL9€'+{(A0<1)pueweoS8019IEIOL-((1)9}M015wnuuv"BBL/\|(!)09
(cl1l|/\|)33UE|EQ':l61’

60€€LEVVG99B€8Z.1.0L99LL€L9E
wags/\ssq;0;/v\o|;u1n1e1|e1o_|_(I/I

69LOLZSL6LLOL8€9LVL89|I79L(M9°1'V\°l=|""11981°°/Q06)UOLLEEUJIL./\Ilev )LV

SOV0eavovoe'oI29e'o(21@|q@1)°!1BEIM°|;Iwmea"°!1E5!11I(A!

00O0
/\lGU§(III

9€6L06979L(ME)°L%SLPUBMS93°/098)3959"-100J0°/Q09

0lo

sou0LeonsouoIcon(NIS01nv)|B!11$"P'~1IJ0%09(II

z
(tun/\|)Lua1sA$aq;01M015um;a},|

L(I)av
2|zv

€809LL>I766L(EU-1W)PUBUJQG55°19leloiA! ()LV

Ior

LLL'Z09'LZL'L'LLl_'Z091IZLL(BuW)P91B5!11!aqOIwv(I!)as
(I)es:

LLL'ZLLL'Z(vssJ0°/Dov)wvl1°!1B5!11|pesodwa
LL'O96'0L/_'0‘Q60(U1)HIE)

zuamaxgnbag1312/\]\uog;e!u|'09€

V86LL€9LZLZZ6VSGLL

("J

QLZLPLIEUJGP|BJI’\1|F\OIJ6B-UOUS8019I/\Ivs

LOI\
0’! ('3

0€9LO99LOi-19LQEQLU0!1BJOdB/\QJLOIUQSQE/9)-[E‘]

9€6L06Z9L79L

LZOSE€8OSLVI766LLZOSE

EVOEZOZEZLEZLOLEVOEZOZEZLEZLOL(QUJW)PUEuJ9G1919/V\L!!!

,-\
/\

>
\/

OOOZOOOZOOOZOOOZuoueg/\eNJo;puesesea|a1|B1U9lJJUO.l!l\U§

A

.2
\-/

SLOZsw099LGLOZswO99LK618“;

/\

\/

r-NW7

("J('7K'!

SOLYZZZLI789LSOVZZZLV99L|9!11$"PulL

A

\/

OQ

£1.899Z9LLVZZ
OHSQUJOQ

/\

\—/

GZ
use9Z9L‘U722

(Emw)puemaqJam/I/\ssoY5L

U

8Z

(\|

6!-ILzsusmzsuodxaLZ
zesL"Izeu

Ivnsuodwn

1

I

OSVL9QOZBLOSZESOOZLZOOZ8

F

006L<@wvu)Jew/v\9IqB$!|!I"|BI°J_(!!/\

oozeoozs'oozeooze(tww)(A!101-:/z)M99lqB5!I!I(IA

L68L68L69L68(iww)uoI;B6!u|Buusgxgmm;/v\o|:;u1n1<->5(A)

oosuoosuOOEZLooeu(€w|/II)Mo@|q@us!u@Id@aIBm(M

Isz
SZ

)VZ

)€Z

ZZ

)LZ

0006L0006L0006L0006L(gww)MsMom@|qes!|un(In)

O
N

OL€6LuseLLE6I(gww)Mvumqvvuedep%SL LOLOL€6L(H)

61
\-

(cww)/vIo|;||enuuvuea|/\|(I)8L
OQELZ09€LZOQELZ4!09€LZ

IL1!l!q9l!9/\\11919M

I\
r-

960HIE)V

€'088'O8'80890gmewe/\\1 LL'096'OLl_'0'95919/\X!

B
(!!I/\

/\

m
\/V

(")<fL£D

1-‘!-*1-\-

LZ'LZLZLZ
(u<>!||!w)lB1"H(q)

LL'€€LLL88
(uogml/\|)ueqm(e)

86179(u<>n|w\|)IBIQJ:"°!IBI"d°d(!!'\)

()\—L'\|

\-—\—\-

I6

(A)

O0

9LS'L’

LL

(eq|/\|)ea1\-/u/\/I05ssm-3(AI)

f\

8L8'€8L8'€(Buw)wvu~\<>s1~=-N(II!)

L122‘IrZZ'S
(eql/\|)e:-zuve|qe1n1|nQ(!!)

10

9LL'89LL'8
(BL||/\|)E91\/[€Oll{dE.|O6Q()

_._1i_.._

sa1n;ea=|1ua||eg\-/

E)

umans)2'0HIE)

86179'

L6L'9L6/_‘9(eqw)BGJVu/v\o$sscu-3p9S0dO.ld(I/\

Z6'LZ6'L(euw)uog1e6p1|luasz-nd

9L9'V

S

1-'(\l("1<1'\.O

W101.ME)MS‘II-‘I01

HI0I=13GOHV

-2
2

-2

_;;I_

d
2U)

T_

Z1-a.|nxauu\1

ugsegMa/meg40aoue|eg.1a1eN\

91b
I

)Lav
=

I9v
;

)vv
1



Z’

\i<(/\)9}/v\<>|=1umwa6uns!X;1-{(1/\)3}M<>|=|wmaai

LV€'[LQL099-+{(A00}PUB"-1°C]S8019l?1°.L-{(!!)9}Monelqepuadep~>/094}(u)

asI

49

""1?
\-

LO
.

‘Ln
o

LO
.

4“F(NI

Z8L‘

K,

(D
\-

678‘OV€'

EN

i992-
{(/\)9}M<>|=|wm-1->auusvq-{(1/\)3}~\¢>|=|ulnzam99|

99 +{(A0cl}puweo$019|9l°_L-{(09}/V\°l;ileuuvuB@v\|\(!)
(sww)avueleai'5V9

199I

1Z§
u1a;sAseq;01/v\o|;um;eJ|2;o_|_‘(g/\)L9

zveasssvsvsz9911was

zss699£29vuiszvin(M9<>1M<>|=|umwa10%O6)uonewu(A)O9

(21-9lqE.L)°!1BHM015wmeau@!1e6wH(A!)617
izevo029091120seen

00lo000Kwuai(!!!)817

8L1-

0

75
.-

\-

co
‘-

<-

o

no
\-

‘-

(/v\s01uv)lE!1$$nPU!m%09\<u)L’?

Z61-\29(Ms°1%9Lwe/v\s<>1°/o9s)v!1$@w<>01<>%0<_-zi(e)ev

'*_6v—

<\|

on
co

<-

N
0:

v-

4-‘on
N

F

GV (cww)u1a1s/(5sq;0;/v\o|=;mmagi-3

<W

QSLZLQLL]9L6SSLZLQLLSL6gww)PUEWQGS8019|e1<>_L§(/\!)av

902:»isss9wsouseelsLV(guw)Pueweome/v,(an)Z17

ZLI-'09ZL'O#LVO'OZLL'O!SZL'OE./_VO'O(Euw)p=->1e5!11!eqO;wvl(!!)_L17

iwo690LLO\ss‘0
E

(w)am!<!)

Zll-'0|ZLVO(vss1°%os)BwvU°!1P5!J1|Pasodwa!
;uau1aJ!nbagJana/v\uogepuj‘Q

ov
esl

as
F12

6Z8
>

95-E96Z8€puewep|e1m|n:>g16e-uousso19“§(g/\)

O

_._F,_

|\
(N

o

o

r\
('\|

oco 4

l
ID

uo!1e.1ode/\;|110/uaseg/e>|e"|§(A)

9?)

98
uogleg/\eNJo;puesesee|e1|e;ual.uuo1;/\u3§(Ag)1;;

L\
_

soz1Lv‘,z9L/\519'J3\(m)£8

K‘

m|\

0
N

‘*7;
|\<r

|_nr\1|\

cow

!_V'

ssz1LLissmsszlB!11$nPUlWu)

vacizsxzzzvsEZ9LZZZvnsewvoi(!>

(€U.l|/\|)puewaqJane/v\ssmg}9

zs
|L8

oz

L78

‘-
<1-

m

‘-
<r

on

AT“

<r
<0

()9Zsuodxg
1

SSZL

F‘m
|\

o
co

|\

Ln ___

o
LO

909SEZL

1153
L09suodwllazl

\AZ

92 (£ww)1a1eM=>|qe$!mn|E1<u\(2!/\)

O€LOO<€wv\|)(A!102:/z)ME)@|q@S!|nn\(I/\)E?

”“_c:T

0')
|\

ow
|\

m
|\

(£Lu|/\|)uo!1e6g.u|6u!1s1x311101;/v\o|5u1n;eg;(A)pg

S60L601-96Ol-S601-

‘F

(iww)M9e|qeus!u@:d@a|Ew1](A!)QZ

SOS909SO

Tr?
o

LO

(gww)/v\sM<>|=|@:qBS!|nn\(m)ZZ

S09S09(gww)Moumqepuedep0/my>LZ

GL9OL9

OLD

I\C)

(OLDLD

OK)

l\O

(OLD

(iww)Molduenuuvue===v\|\(!)OZ

K1!|!qe|!E/\vJaw/\/\lB6!-
!_\

In

{owe0690OLLOO68'O

isos'0{£09012090SO90am@6213/\vjum)

L£L'Z1L€L'Z<u<>!mv\|)uwna(QM

Is»
LL

we@6219/\vi(><!)9L

9L
In

VS!-I'€V888(u0!||!w)ueq1nB\

9917'?’99179

VL9017LS'O(eL||/\|)eeuvumogssoJ9pasodold(g/\)L

8OL'O80L'0(eq|/\|)uog1e6!u|luasaidj(A)

L8€'OL8€'O(eq|/\|)ea1\1u/v\o3ssoJ9](A!)

8L‘8'OBLEO

()21l

(uv!||!v\|)lE1°.L-u<>uB1HdO¢%§!!/\)ZL

L

OL

6
9 <BuW)@@1vuMvs1@N\(m)

8117091.V'O(euw)ewvelqwmlnoi(n)

l\

VLIOVLLO(eq|/\|)ea1\1|e:>gqde16oe9](1)

(O

sam;ea=|;ueg|e5§V

LO

J_

ME)1MSlelol. l91°J.

E2.

HIS)8'0-mo)9'0

Ez
20

2II)

TK")

’MQHwmag\

1

(\|
‘_

H‘9|;i3|<1|:>Q|v

Z‘;-amxauuv

ugseggege/\40a0ue|eg.|a1eM



 ¥_--7>4-Mi-~——4.,

'2

1

80?*

$1

£961'13V93931919/\/\l9U0!1!PPVPUBluau-l5595'5V{Pl-|0!1!|9PVSPJPPW'SZ

ssst’l3V(u0!1nqu1u0a1uew1en@s14<>M91)U0!l@5!J1I"PENHU~|9.l_+2

5551’1avssag)UO!1E6!JJ1s|eue3.ll'11J,9|/\|'53

swat'13V(1U9LUPU9LUV)sseaU0!195!11I"PPMIll-URLBLU.'22

£1751’1av(uoglannsuoj)pueJ,uaLua/\o1dLu1'S.l1E2d9};|)s>|1o/\/\UO!1B5!JJInpeN“weal"I3

Q{76'['(1U9LUpU9LLlV)ssej)U0[1E5!JJIswpew'03

{£61'1vSS8]UO]1E6!JJIJ10/LISSQE[LIE/\EL|Q'6'[‘

1,151‘1av(1U9UJpU8LUV)1USLUSS9SSVanua/\a3pue"|npeN|u.uei'81

0061'l3V(WBWPUQWV)5593U0!1E5!JJI"PEN|!U19_L‘L1

5491’a,avauawssassvanua/\a3pue-|npe|\||!LUQ_|_'91:

S981’13V5593U0!195!JJI"PEN|!U~19_L‘S1

ssag)uope6gu1016ug4e|a3spv111

1961DUE‘£561’8ir61’€Z61U!PQPUBWQ$917881’13VU0!1!'5!nbI>VPUQW‘b1

uog;e6!.u140upeag26uy\e|-|pueuoggsgnbavpue10;5ug:12|:-msqav11

I451papuewese1av[JJQOQaeugeuqpueA|ddn51912/\/\npeN|!LU2_[_'91

6561’1I>V(59!'~|10qPIQUJ0U0!l3F\J1$U0D)911°/\AU0!195!JJISEJPPI/\l‘Z1

8561'13V519/\PLI3UPd"PENI!'~UP_L'11

EL61/Z1/10
uopaggpowse9551‘lavAaaadwda|qe/\0Luu11;0uoglgsgnbavpueBuguogagsgnbagnp2N|!LUE'_]_‘OI

51,51'13‘q'1U8UJ8AOJdLL|Is>|ue_Luogu-264111npeN|!LUQ_]_aqi'5

£1751’1av(UO!1I)J3,SUOf)pue1UGLU9AOJdLLlI’s1gede11)s>|1o/v\u0p,e5gu1npeN|!LUQ_]_'9

17551’a,av(uogae/uasaud)S>{UEJ_uog1e611.11.l2!.l9daqi'4

£251‘lavsapepunogpueAs/ungSEJPQW'9

S061’1I>VlU9LUL|3@0J3UElPUP‘!"PENW91.‘S

0681'13V$1->!119=!JllqndPUPSIQUPD"PEN|!W9J_‘iv

17931’1avAaue/uasuojJa/\g\dnpeN|!LUl2J_"g

17981‘lavMa/\oaaganus/\e3npeN|!LUl2J_"Z

9531’1avJnoqe-|A.|0s|ndLu03se1pe|,\|BL|J_'1

'saa!:pe.|duope6!1.|15U!Ll.l8I\05spv1

Janewuopebgul015u!1e|auspvnpeN|!|.ue_|_

'['8GJHXBUUV



6Lb

'uog1ua/\uo3sq),0:11ue/\a|a1sally/\p,ae.l[9L\1}OUO!1Q1LlBLU8|dLLl!sq),uou1a1.|1as;/\pe01ssaugpeeu

mosseudxaa/v\'u0g1ua/\uo3am40SUO[S[AOJdsq),1unoooeo1uga>|e101LU9L|1uodn||e:>e/\/\eauauedxa

sgaqqoueauoLUOJ}rugauequeasapgsq10q1eL|1ossap!/\11:>emougA|a/\p,:>ea1e.|ado-on01su0!1n1p,su!

puesuoglesguefino1ue/\e|a1seHemsesuogue/\u03pa1e|a1.10sagpoqa/\11n3axaaw,91!/xuge/\/\

'S1Ll8LU98J5E

LDHSBugdepe10dnBum/\e1pugas!/xpeqlg/v\Luau;poddns||g/v\a/v\’1sanbaJJgaqq1v'LlO!1USAUO:)

ax.|1qluvx1ua1sgsuo3s1uau1aeJ6e|eJa1e|g1|nwpue|e.|e1e|gquoSJ81l2M/uepunoqsuen,016ug1e|a1
‘

uog1e1ado-on.l!8L|1aseq01sawedawoaaq1e/K10ue/xeqL|D!L{N\semunoaJGQLUBLU333uoHena/v\

-Ja/\g>_1aqnueq

am;oasna|qeu!eJ,sn5pueUO!1381OJdaw,10,1uogleuado-03uouoglua/\uo3sq;seLpns'S1U8U.l89J5Q

puesuonua/\uo31ue/\a|e.|uoglua/\uo3s1\.|140e||z-zuqwnaqlJBDUH/\,1p,eJ01sagnunoa.l8C|LLlBUJ

333||eaemoauaa/v\'sep!|od.|a1e/v\Jgaql5Ll!1U9LU9|C|LU[pue6up,e|nLu.|o;uaq/v\SUO!S!AOJC|s11uo/v\e4p

01sag11un0:>1a1.|1o||epue‘uogua/\u03aup,/\;p,e101sag.11uno:>Jaqwaw333||eaeunoauaa/v\

'|a/\a|aleudoadde1s-:->/v\0|sq),01sag!/\g102

we/\a|a1a1e6a|apmma/v\'s|a/\a||e90|pue\E!3U[/\OJd’|euo!1eu’1euo!6a1-qns'|euo16a.|aqq12Masop

6ug1e.|ad0-03AqS.l91QM/uepunoqsuen40asna|qeuge1snspueuop,3a1o4damemsua||1/v\a/\,\

'L{1|E’9L|UE‘LL||’1L|pueA|ddns1812M'|on,uo:>u0p,n||0dpaseq-pue|

’su1a1sAs03apa1e|a1pueJB1EM40luauuaeuewpa1e16a1ug'UO!1lSLlQJ1upsegwouoaa|i|;iv\_A,Jsa!41un0301

aauelsgsse‘sagpoq:1u!0[:ue|d>110/v\mougseeueSLUUJQJBOJGa/\guosnno;1|;/v\LlO!1EJBdO"-‘OI)mg

-1912/v\uo

SLlO!1B|l’159.lpues/v\e||euop,eumo5up.1o;uapue5U!1USU.lE)|dLU1'5U[S[/\9J'dnBug/v\e1puaL|1v\uonue/xuoj)

aqq;osa|dpu!.|daw,’B1Q!JdO.lddQse'A|ddemma/\/\'s4a1e/v\/Uepunoqsuenpue|l2U.lSJ,Ll!qloq;0asn
V

pueu0p,aa1o1daqn,ugAaumsgsuoaamsuapues1a1e/v\|eu.|a1u;401uam.ua6eueu.|aq1BAOJGLU!01d|aqos|e

||!Ms1a1e/v\A.|epun0qsue.|1uoU0!12.l8dO-OI)mo’snq_|_quawaeuew1212/v\pa1e.\6a1ug401xa1uo3sup,ug

uaasaqp|noqsAaL|_|_'s.|aJ,e/v\/Uepunoqsuau01anbgun1oua.u2upe;912a/v\1QLD,sLua|q0.|daq_1_

'uo!1e.1ad0-on|eu0p,eu.|e1u1401ueLun11su!1o[eLu

2seuogue/\uo3S!L|1asse/v\'J,U8LUC|O|9A8pJaqun;pueuop,e1uau1a|du1g||n;sq!01sa/\|as4nopangwwoa

a/\eq'5U!19BLU1s.u_4mo;ouogsesaoaw,uoL561A|n[1701Zu10J;‘pue1u1:1'g>|u!s|a|_|12pa.|aLp,e5
e

‘uounamoaam.01sauuvdam.‘am

-9551.|sqo13Q9uo(uoglua/\u03aq1se01paJ1a;aJJa1;|2uga4aq)sa>|e-1|euog1eu4a1u1puesasmoj)

1;-ne/v\A.|epunoqsue.|_L40asnpueu0g13a1o1deqquouonue/\uo3sq),40e310;o1ugAnuaaq1Eiug/v\o||05

L661Mn:vuv(P"9|"!=l)!>|u!§|au12

sa>|e1|euop,eu1a1u1puesas.|noa.|a4eMA.|epunoqsu24_|_

40asnpueuopzoz-2101.5ampuouonuanuogaq;01sawedsq;40ugaawampAqpazdopesv

NOI.l.VH\1T.')3ClI)INIS13H3H.L

Z'8—BJHXBUUV

ji



0817

"0002we/<I->01u!sewed
8L|1_.}O6L|!lB3LLlPLIODSS8L|,11SOL|O1SpLlE|J8L|13N3L|1;lO1U9U.lLl.l9AOQ9l..|1)0JSQO9L|18LUOD|9MB/\/\

'UO§J,BJQ|39pSlqlL|J,[MS9/\|BSLUBL{J,p81E!I)OSSQ8/\EL{S9!1,lQdBLUODSC]19/§1OU

8/\EL|L|I)1L|MSSIJIIUTIOI)JBQLUSLUQ336U!1B9lUS!L111E1EL11UO!1E!I)3JdC|9L|1[MB1OU'S8!]JEdBL{1'8/\/\

"1912/v\
109sn9|qeuge1sns1s9q9015U!>|QLUpue’A191espue01|e90ueu1n06u!1:>910.1d’sLu91sAso99Jnenbe
10M!|Enb9015U!AOJdLU!'uog1n||od6ug1“_‘1n901p911!w|.u0:>9129/v\99ugs'8AOJC|LU!||!/v\S.l91l2M95901
40suog1gpu0a90112019/\9!|9qA|Lu1|_19/v‘\""s9g.|1unoa||e101|_19u9q90101Ae/v\9|qeuge1snseugp9sn9q
||g/v\L|O!59Js!01ugs191e/v\A,|epunoqsue.|11201paaug/\uo:>9429/v\’uog1e19do-09sg01101|ns91esv

'6u!pun1
uoBugppapu90/v\s9/0121110!A11uno91ug0_[09ns01A1gJo!4d06109/0601(gqgggpuespe_|_’3>;|\1|_|d
335)'>|uegp|.1o/v\901se03ns)s199_[o1d9:)ue1sgsseJ|’1OA11290910/v\SLUS!UEL|I)8lJ..lBugpun;puesuo11n1g1sug
|epueu|_1uo||e99/v\'uog1u9/\uo3901JBPUI1s9g1g/\g1:>e1ug0_[0:>ns40uog1e1u9|.u9|du1gpue6u!1e1g|pe1
ug9wweJ601¢|99!/\.|95Mos!/\pv|euog69>_1333901yoddns1|!/v\9/v\'S9DJ|'lOS8J4912/v\19/\0s91ndsgp
9Jn1n11U9A9JdpueSLU9|C|OJd1U9LlJ95QUELU—J8J,l2M6ug1sgx98A|OS8J01Bugpggnq-A1pede9|euog1n1g1sug
pue1u9Ludo|9/\9pSGDJHOSBJueLun0uoS138_[OJd1u!o_[lU8LL|9|dLL|!pueSJEGSJCI01SJ91EM/uepunoqsuen
9wes90101uepedp9120910/v\U0!l!SU9JJ,ugS9!LUOUOI)901!/v\s9!11uno:>9621009099/\/\

'p|JOMSLI1U!SL|O!58JJ3L|lOL|J,!M8DU8!J9dXGJ|'lO9.lEL]SOJ,184,10B/\/\'(L66'[9UI'1['')|JOAMGN)A|C|l.Ll9SSV
|EJ8U8E)90110uogssas|ep9ds90110s1;ns9J90101!/v\99uepJo99eug9sn9|qeu!e1snsunpueu0g1n||od
1suge6e1912/v\5U[1I)810JdAq{Zepu96\110UO§1E1U8LU9|dLU!|2UO!59J90181OLUOJC|||g/v\9/v\

'L|1|99H
pue1u9u.|uoJg/\u;|uo9909191003|eg.|91sgu!|,quopu0'1555190112uoy1d0peJo;p911gwqns9q01s9se9sgp
p91E‘|8.l-JE91EM10sLu9|q01d901ss91ppe011u9uJm1sug|2UO!12UJ8J,U!ue(Qg/QH/\/\)UO!1QS[Ul25J()
01|e9|-|ppo/v\901109doJn3J0;9:>|_11()~|euog69390101!/v\A|1ug0_[91ed9.|d01Luge9/v\’555{Ag

'dn-/v\o||o;Aueug9101moJ9p[SUOI)
||!MDUEL|1|Q9|-|PUG1USLLlUOJ[AU3UOSDUBJBJUOQ[E!J91S!U!|/\]LlOpUO"|666'[BL|J,DUE?BDUBJGJUOQ|Q[J61S!U!|/\|
SL|JBV866'[8L|1JO}SUO!1QJ9d3JClSq}O191l'lq!J1UOD]|!MG/\/\'S.l31QM/UQDUHOQSUEJ1O11UP/\9|9J”8dOJn3
JO}1U9LUUOJ!/\Ll§“BDUSJBJUOQ|Q§J81S!U!|/\|QQOS§66I8L{1}OLlO[S!D9p9L.|11Ll9LU9|dLL|!||!M9/\/\

'S83JOSE)J|epueu:_1
pueuewn010A1g|gqe|ge/\e90101199_[qns'uog1u9/\uo390110u0g1e1u9Lu9|dLu1901J01s4n01Apn1spue
s9sJno36ugu1e11'SC|OL.|S)1.|OM’s93u9.|9,1uo38S!UQ5JO01s9111uno319qu19u.|333||e9521009099/\/\

'uo11991o1d|e1u9|.uuo1g/\u9pue1U8LUG5EUl2LU.1912/v\ugp9/\|0/\ug9s001||epueA1!unLuLu0:>9g!1u9ps901
'sQ5|\|'1Ll9LUUOJ!AU89u11eLu901pues191e/v\pue|u1/uepunoqsue11;o9sn9|qeuge1snspueuo!1a91o4d901
Jo;p90s!|qe1s9segpoq1u10_['SUO§1QS!UQ5.lOJ01I)9S912/01dpue9!|qnd'S1U9LULlJ9AO';)10S8A!1l21U9S9JCl8.l
u99/v09q9n50|egp901.|91so;01d!0s19u1.|ed1912/v\9p;/v\-333uep99u9/v\'u0!1u9/\uo390119pun
$911!/0132ugsdno.16JO_[EU.J10s9/\g1e1u9s94d9110uog1edpg1,|ed90106n0J011u9u.19/\|o/\ug:>1|qndI]J0ddI‘1S9/\/\
'uo!1u9/\u0390119014016ugd0|9/\9ppue5U!1U8LU9|dLU!10;|e!1u9ss9sguog1edpg1_1ed:>g|qnd[JQOJQ



I
l

18b

f

i

T-1<\ir~'§<Fui

-1951L{3JE|/\|o1dnpeuogpuesuaaqa/\eqAewsesawaqasJQU!LL|qans

pue5seleqga\.p,Aqpasodo4ds13a_[01d

5e1pu1;o1uau.|u1a/\o5)aq1Aqp9AOJdC|21:.->A1ou1nqsue|daw,ugpapnpug

5uopmaxaJo;egpu1;o'1/\o5)a1.|1Aqp9AO.lddQse

5I551ugUO!12J9dOug

-we/\epo9pueeuqsgmaqn,uoS1I)9_[0JdaLp,,1os1uewaJgnba.|amp,uouguodag"e

Iapnpu!OS[9UO!SS[LULL|O:)9L.|1

JOSDUBJGJBJJOSW18],J9L{J,O9LU_'UO!1QS[|[1|'lLJ..lQ9.l1SC|1uno33eO1Ll!6U!>1E1S1U[OdJ3L|1O9L{1DUEQJEAEPOE)

U0UJEJEMSQQIMOQ[DUE9UL|S[J)|U0EPEM/§E_[[/\19SMOQ|Q|"lLlUEJOS!SEqSL1}U019WSqp||'\ODSU[SEC|SSBLQ

U0SPUQLUBPJ9L|1Jn;|L{I)!L|MO11U91X9SLR8U!U.lJ918pO1PUGSU[SEC|LIQAQDOQ[DUEE’UL.|S[J){U!SB!|dd|’1S

JO/\l!|[qQ|[Q/\E9L{1M8[A9.IO1JGDJOU!'[96'[U!|D9J,l"|1!1SUODSEMUO!SS!LUl.UO3!.IEAEpOE)—EUl.|S!J)|3L|_]_

l.lO!SS!Ll.lLLIO:)HBAEPOQ—EUL|S!.l)|

‘$81915Pallu4°V/\.LJ0ll-1’Ll101-I9l!LU!5JSOUJIQ5!I)/\GJ05U!U0!13UnJ9H1‘Sm-Ii

'S.l9UJHSUOI)01uoglnqgnsgp.l9MOdpue1912/v\ugpnpxa|o41uo:>s1!J8pLll"ls1:>e[o.|daqn,||e;ouogleuado

pue1uawa6eueu.|eqn,Jo;aaualsgxau!aqon,sanunuoaMOU3/\q-440ua>|e1A|p1e\.|sequ0p,e5!/\eu

sq;pue3/\q40Mag/undamapgsgnosa:1e4ecIo13a_[o4d1eq5nua_Law,’|e6ua91se/v\401uau1u1a/\09

am01JGAOpapuequaaqsequop,e6!.ugaqq'3/\(|40Buguoppun;Jo;A||eu!6g1opaesg/xueadoas1apeoJq

am,1suge6ese1uasa.1d1v‘>140/v\40adoaspa:>npa.|01anp|,q3|,\|()8§'£40amfigpauue|dAueugposun,

1suge6esep91EB.DaqA|u0p|n03WQW499%,1oAlpedeou0g1d.10sqepool;aq_|_'A|ddns.1912/v\|egJ1snpug

Jo;AgugewJQLHQ40:1uawuJa/\o5aqlAqpalamlsuoaueeqseqwep1QL|5I"lU9_L’A|1uanbesqn5'3/\(]

;0|0.|1uo3aqn,JGPUHJndefunq12aeueq2pueJ,9L{I)Ul2dpueuoqqgew'.lEUO)|’eAge|g_L’A|aLueu‘swap

mo;A|uoa/\eq01pappapJ81E|se/v\11'19/\e/v\0|-|"z-aeueq2pueswep1q61aBuppnnsuoaAqleuag

lsa/\,\u!eqw905-0lnoqe01saglupe;uoglegugapg/\o1d01pueJe/v\odMNQQZa1e1aua601’|o41uo:>poog

pJo;;e01133_[O.ld3SOC|.lI‘1d—!1[LU2se/v\U[l'\p.lO0/\uwAqpaesg/\uase13a[o4dAa|1e/\JEPOUJBQ8L|_1_

'suog13un;s1!1no5u!/U123.10;

luagpadxe10/UessaaeuaqAewL|D!L|MBugqn,/weop01SJBMOCIaqn,a/\equog1e4od.|o3aq1_'1U8LLlUJB/\O§)

|e.|1uej)aqlAqpalugoddeSJSQLUGLU0/vu,qlg/v\ueLu.1geqj)2AqpapeaqsgLlO§1Q.l0d.lOjaq1_'Aa||e/\

JBPOLUQQsq),ugBugaqHam|e1aue6pueagwouoaa’|e!.|1snpug’|e.|n:;|n3!.|f5e’q1|eaq3g|qnd‘uogsma|1os;o

|011uo3‘u0g1e1sa.|o;;e’uog1e61/\eu’|o11uo0poo|;’uog1e4aua6J8M0d|ELUJ9L|1pueI)!.l1I)8|9-0JpM.{’a6euge1p

’A|ddns1912/v\’uo11e6g.u!40UO!1E.lBd0pueUOl1OLUOJdepnpu!3/\q;osuoppun;sq1_'a|0\.|/v\eseugseq

aql401U9LU95QUEU.lpue1Ll8LUdO|8A9pJo;81751'A|n[Luoaaumsgxaolugewes(3/\q)u0g1eJod.|o3Aa||e/\

JEPOLUQQaqr;’s!L|140:1|nsa.|esv'uop,e5g/\eupueuop,e1aua6JGMOC1’uo!1e6!.ug’|0.|1uo:>poog5U!A8!L[DQ

10;paugsepue|de40augpnoaqlBu!/Kpoqnuau1npu2Jou.|aLu/UE’U!LU1|9.lC|9L|1p9JQCl9Jd"v/\_|_;oJE3BU!5UE3

.lO!U9Se'L|!|'1p.lOO/\'1'/v\'J|/\|-(sa1e15perqun40‘Q’/\_|_)/\1!JOL|1|’\VAane/\aasauual401eq101.|e|yw1s

A1g.|oLp,neue40uogleanpa1sa66nsLpgq/v\,,B91J,!LULUOj/Ugnbugp0o|;|JQPOLUQQ“suppenugodde|e6uag

40JOUJGAOQaqn,’se.1nseaLu|e1paLua.|1sa66ns01JSDJOug‘£175140poo|;3m.|d041se1e3aqlJayv

uo!1e1od4o:)Aa||e1\JEPOLUBQW

E

VICININISBALLVILINIHI)VO2lddVNISVQ

5'9amxauuv

0-.

3.



Z817

1pmogaq1;ouogwapgsuoa
Jo;p8J!I’1b8J.l9ABUBL|M1so340uog1eoo||epues>11o/v\Jo;SLULLIEJBOJG|enuueaqn,a1eda.1d01‘A!

1SpJE‘pUQJ,S.|8C|O.Jd01;oa.|aL|193U9U9J,U!2LU

aL|1pues>|1o/v\40uop,e1uau.1a|du.1gaqa,amsua01JBDJOugEDUE’U91U!E‘l.Upue’suo!1ea|_J,pads

[E!.l91ELU'|o11uo:>A1!|enb401I)9dS9Jugsauuapgn/v\o||o;01sa1e1spawaauooaup,as!/\peoi‘gig

'sue|d
asgmugseqsup,ugs>|1o/v\40UO!1E1U9LLl9|dl.U!409LULUEJ5OJdpa1eugp4oo3puepaseqde1noMEJP011!

'SJ,U9LUUJ£-BAOQa1eJ,5sup,Aq1,nopegueoaq||g/v\asodmdaqlJo;212p;oL|O!1I)8||O3pue
uog1e6g1se/\u1p|e|_4aqi'ugseqefiuegamJo;]O.l1L|OI)poo|;,1oue|da/\gsuaqa.|dwo:>2-:-uedaJd01'!

:JBPUFIweuogssguuuuogS!L|101paugssesuonaun;
1Lll2JJOC|LU!aui‘Z451'|!4dvuppalnmsuoose/v\33:15)aqn,’A1E~ugp.|ooov'p1eog|oJ1uo3p0o|;|eueg)
aqluglsgsseJo;pueugseqeueg40s>|1o1v\:>|_4pedssq),on,Bugpuaqqe.10;(3359)uogssgwwoj|o.|1uo3
pooh;e6ue9aqldn195p|no/v\egpu1401Ll9LUUJ8AO[-)mu;peppepse/v\1!'uo!1n|0sa3aqn,405asnep
Jedsv'uog1n|osa3e1pu1;0J,Ll9LULlJ9AO5)eAqZ451ugdnlasse/v\PJEOQ|o41uoj)poo|=1eueg)aqi

uogssgwwog)|o41uo;)poo|=|euegpuepmog|o.|:|uo3poo|,|eueg

'ugseqauogJo;ue|d.l31Sl2LU40s|1e1apaq16u1u!e1uo9uodz->1|eu|_4aqn,40uogssguuqns491423351ugdn
puno/v\uaaqaaugssequogssgwwogJamiauog9L|_|_'sagpn1sLuals/s1noBug/we:191,12sasnsnope/\Jo;
4912/v\s1!40asnu.|nLug1doJo;ue|dugseq19/\uauogBA[SLl3L.|8JdLUO32p8.lEd8JdUO[SS!LULUOjaqi

'14::Aq$1912/v\
eueg)40asna|q!ssodlunoooeolug5u!>1e1sasnS9SOdJd—!1|LU.lSL13,0pueuop,e5!.u1Jo;s1a1e/v\

auog40asnl.L||’1LU!1d0.10;ueid|euog6a1pueugseq9A!SU8L{8JC|LL|OI)eJ,U9SG.lC|pueeuede.1doi‘A

puefsaomoseupur-2|pue1912/v\401uau.|do|a/\ap10,1sue|d|euog6a4
pueugseq6U!JEd8.ldJo;/Uessaoausesegpnqspuesuo!1e6g1sa/\ugA,|e1uauua|ddnsa>1e:uapunoi‘A!

:1uawdo|a/\apJaqun;
Jo;'1/\o991215aqqAqpanpnpuoasagpmsugpnpuguog1e6p,sa/\ug.l9pUI'\pueuopwapgsuoo.l8|IJU|'1

'p9SOC|OJC|’uo!J,3n.|1suo:>JGPUH’pa1a|dLuooS1D9_[OJC|401I)8dS9Jugelepaigduuoapue13a||o3oi"gig

5sqoadseogwouoaa-opospue|e315o|oa6'3[LL|OUOJ5E01p91E'|9J

elepBugpnpu!salelgaa4q1aup,ugs4a1e/v\auog;ouop,esg||g1n40e1ep||ea|gdu.xo3pue1aa||o:>oi1!

fsqugod1ua.1a;;gp1eA11|1qepuedap1ua1a;;gp015U!p.lO33Qp|agA40luawssasse
BugpnpugS9!Jl21|'1C|!.l1s1!pueauogJ8/\[.l;oeqep|e3g6o|Joa1auJ0JpAqas/&|euepue9|!C|l.UO3oi'!

:an/v\uogssgLuLuo3eL|1;osuogpun;aqi's6ugpuga1.|11de:>:>e01sa1e15aq;40yed
am.|1uougpugqAue1noLp1/v\'sasnBSOC|.lC|-!1||'\UJpueuogegugJo;s.|a1e/v\JG/\].|auog40asnwnwndo
Jo;sue|d|QUO!58Jpueugseq40UO!3,QJ2d8.ldaqlJo;sagpnlspuesuo!1e6p,sa/xug1no/U12301pueelepasn
a/\p,du.|nsuo3’eJ,ep|e:>!60|1oa1aLuoJpAL|pue|eo!6o|oJpAL|6ugsA|euepue6ug|gdLuo:>401ue1xae|.|101A|uo
pa1!u.|!|se/v\uogssgwwoj40adoosaqi-0351u!pelnmsuoase/v\UO1SS!LULUOQ.19/\mauogeqi

uogssgwwogJanmauo5

"312'S1I)8_[OJd||e40UO!1QJ9C|Op9J,2.l5B1U1pue6uguue|dp9J,l2U1pJO

-0310;p.1eoq.l9A!J91215-JBJ,U[40dnBumasse||a/v\sesaysuogle/uesqoAlnenb1912MpueJ,U8LU!p9S
’|e3g6o|o.uawo4pAq40)|JOM19U2401uawqsg|qe1saapnpuguogssgwwogaqn,40SUO!1EpU9LULUO39J
aqi"Z951ug1.lOd9J|eugs1!40uogssgwqnsJayednpuno/v\se/v\uogssgwwogaqi

'p9A|O/\U!1so3aqa,puepapa/\gpaq01Amuenbaqlugleogpug
euqsg4>|8L|101ye/\epo9aqlugseg|ddnsS|’l|d.l|'1SAue5U[1J8A!p40A1g|!q!sea;a1.|1uoBuguodag'q



£817

uop,e611sa/\ugpueAa/uns01uomppeugsue|dJalsew40Ll0!J,EJEC|8.lC|J0;uog1e6!1sa/\u_|,pues/e/unsapnpug

ssa16o1dJSPUI1s>po/v\3L|_]_'SUO!1BS!LlQ6JOpawaauoa.I9l.{1Opue1uawu.|a/\09|e.uue3S1U9U.lU.l9A0§)

sa1e5sq;01pa1e|n31puaaqa/\eqsue|d.l81SELUasaq1_"111-medue|d18152]/\|aqn,.l9pUl'\2J|'Id!J_]_

;os.|a/\g1xgspueJ8/\!Jenndewqeag40sapelnqgnauguJo;ue|dJalsewpueugseq-qns)|EJEQaq1Jo;

11-ued'2J1l'\dELUL|E.lQ19/\g.|40W915ugeu.|Jo;1-medue|d.l91SE|/\|pa-uede.|dJe;osseqp.|e09aq_|_

‘1U9LUUJ8AO§)

|8.l1U9j40|9AO.lC|C|Eaq1q:11/v\s1:>a_[oJd9SOdJ|'1d-!1|I'\LU40uo!1e.|adopueaaueuaqugew'uo11:>n11suo3"g

puefs1:>a_[o1dpasodmdaq1J0;salewglsepueSJJOCISJpa|ge1ap;ou011e1eda.|d‘Z

fsasnsnope/\Jo;saomosaa.1a1eM40uop,es!|p,npue|OJJ,UOI)poogJo;ue|d40uog1e.|eda4d'1

:wePJQOQaq1;osuoglaun;ugewaqiquauuuedaq

|e3g6o|o.|oz-n,a|,\|egpu1pueegpu1;oAa/uns|ea!6o|oe3‘Awoqqnv/\1p!113a|3|e11ua3'uo!ssgu.|Luo3

.1912/\/\;e41ua3aq1LLIOJ}SJSQLUGLULUOJ;uedeqsapeJd|eq:>eun.|\-/pueLUEJOZH/\|’e1ndg4_|_undguew

’pue|e5eN’eAe|eq6a|,q’wessvgo591215aq1Luo.1;qneaJaqwawauoseqpue1uawu.1a/\o5|e.|1ua3

aqn,AqpalugoddeueLuJgeq3eAqpapeaqs1p4e0gaqi'uo!ssa33ns|en1ad.|ad6u!/\eq81QJOdJ03Apoqesg

PJQOQaq_|_'sasod.|nd|ep|_.;auaq.l9L|1Opueuog1e5!/\eu'.I9MOC|OJpM.|’uo!1e6g.u!.10;Aa;|e/\aqn,40SSDJHOSSJ

1919Maqa,;ouoglesgmnpue1Ll9LUd0|9A8p||e1a/\oaqn,01p1e6aJanpBug/qAa||e/\E.|1l'1dELUL.|2.|Qaqr;

ugspoo|;40|o11uoasq;10;ue|d1a1seu.|ea.|ede1d010351ugdn1:-asse/v\[JJEOQE'.l1I'1dE‘LLlL|l2JQaq_L

p.|eog2.lI|l1dl2lLlL|B.lQ

-sawaqasquawaeueuupoogSn0!Jl2A10;sagpnlsu0!1en|e/\a

azaueuuopaduaxeuapunseqUO1SS!l.ULUOjaq1‘uomppeu1ewaqasa5euge.|pugseq11un>|eaqgpue

awaqasB52U!QJp>|n|wei'2-awaqas1uaw>|uequ1aJQM|9O)|-JEXFIQ/qaweu‘saw:->q:>swawaeuewpoog

sq),pasgqeugos|esequogss!u.1u1o3aqi'pa1a|du.:o3uaaqseqLUSJS/\SJ9A!JJnd|nse3-e!p|eH-ueAeJeudn3

;osapuqHe;puepewaqn,JSDUHsAe/vuz-ne/v\;oAaenbapeuo1,|0daJv'pa1epdnugaqeuesue|dasaql
'ugseq-qn5e6ue940sLua1sAs.|a/q;gz;osue|dJ81SE‘LUaqa,p819|dLUOI)seq33:19aqt;He;05

'uog13gpsgJn_[s1!ugq1g/v\J,U8LL|U.l9AO[-)a1eJ,5a/qlaadseuAq

auopsgsewaqos,10UO!1E1U9LU8|C|LU!1nq1U8l.LlU.|9AO9|eJ1ua3aqn,AqBUJOC]sg3355)lsoa2/\!1e11sgugu.|pe

9'~I.L"3359Aq119810we!u|@c1mmpuel95U9E|189/v\'L|59PE’JdJenn'u@u1se.f@z1’uS@P@1dQupew
‘qsape1d|l2L|DE-2LU!|-{‘eueA.|e|_|Ueqgg40sa1e15aq1;0a6eu!e.1ppueu0gso.|apoog40su1a|q0Jdaqi

'!u|@c1;@JDNpueueulselea'Ll59Pl?Jd

|EL|3ELUlH’eueA.|e|-140sa1e15ugseq-0:)||e40S.l88Ll!5U8;a!q3puepJe09Ae/v\|ge>;|'1.1odsue4_Laaeyng

40Mlslulw‘sad/\/\:>'3/v\:>'Ll$9P91dB/upvw'|@6u@s1$9N\'Ll59P9-IdJenn'JPLI!840seams@141woe
s1aqu.|a|,\|aLu!11,|edpueSJSQLUBWawn1|n,10/v0,pueueLuJgeq3eAqpapeaqsgu0gss!LuuJ03aq_|_

-sawaqas|o.quoapoog91E1S—J9J,U!aqn,||e

ugpnpugsa1e15aqn,Aqpalnaaxasamseaw|041uoapo0|;JO_[E’LU40a3ueuuo;.|adeqn,a1en|e/\a01"x!

'sagpm,s|epads40sugpug;ouoneugwassgppueuoqeluawnaop-gg;/\

'a6e1.|eqe|q>|Q01e|e/v\a[e_LL|I)E9Jaq1ugeunLue)\

J8/\!Jeq1uogq|aq'qsape4d.lE‘1J,’eueA.|e|_|40sa1e15aq1;osawaqasaqn,Jo;1d:-zoxa$83,215ugseq

eueg);osewaqasuogsma-quepue6ug66o|4a1e/v\-glue’a6euge1p'|OJ1UODpoo|;40uoneuguuexe1!/\

:101:»:->s|e41uaasq;JapunpeqnaaxaBugaq40a:>ue1sgsse|en,uan

Bug/qaaeuasoqn,A|1e|n:>gq,|edsawaqas|on,uoapoog1U21.lOC|LU!sq),;ouoqnaaxeaq11o11uow01-1/\

'SJ,!LU!|a|qeuosea1

01uop,sa5uoaa6euge1psq;BupnpeuJo;pap;/\o4daq01sAe/vqaqe/v\|euog1gppeaugqualap

01pueapuqH24puepewaq1J9pLll’1sAe/vuale/v\Eunsgxaaqn,;oquawssasseuea>|ew01‘A



 _i781?

1912/v\401uawdo|a/\ap40sagmqgssoddnpauadoseqpuesaleqsugseq-on||e40spaau1912/v\6ug>|upp
a/\g:1dwnsuo:>pueuogewgamp;oam:sa>|e11U8L1J99J52aql-gq|a(|40_L3N01W3917350pueqsapwd
|9'~|99W!H01was8490’u@u1$B[e>;|01was6111'l-l59PF-’JdJenn01was220+'9UE‘/UPH01was
934-540uop,e301|e|enuuesap!/\o1dngwaqi's-91215usgeq-0:)em40smsgugw491143aq1Aq1,551Aew
u1z1uo(ngw)5U[pUE1SJ8pU|'140wnpuwowawe6u!u6gsAqpa/\|0saJse/v\a1nds;paqi-sa1e1sugseq-09
sq;lsuowes1a:;e/v\40Supeqs4a/\os4eaA|e1a/\asJo;ugpuadpaugeuueualndsgp4a1e/v\eumueA

pneog.|aA!3eumuekJaddn

'sa1eJ,5Megagauaqaqn,L|1!Muop,e1|nsu03ugD1208aL|1Aqpappapugaq0s|esgJBMOC1;ou0!1nq!.1J,S!Q
'6uodpue2.lQ>|l2L|Q12s4g0/uaseuLuoJ;sa1eJ,5ugseq9L|101uogegugJo;Jaqe/v\91230“?01pues.1go/uasaJ
aq1ugsuoglgpuoaMogul9L|140>po1sa>1e101s5up,aaLuA|q1uoLu6ugp|o\.|uaeqseq[D12099L.|_|_

's13a_f0Jdsaamoseu.za1e/v\40aaueuaqugew
pueuogleuadoaqlJo;a|qgsuodse4uo11es1ue61o;oM06912:aqlJGDUHsue;pueogampne'pJQOQ
1.912/v\PUFIOJE)|eJ1ua3'3/v\3'S9121§ugseq-onexp,LUOJ;S.l8C|LUGLULp,g/v\'1/\o5|e11ua3eqn,Aqpalugodde
ueuugeqj2Aqpapeeqsg[JJBOQeqi'D9J!l'1b9Jueq/v\!L{|9(]pueqJe6gpueL|340in’>p3['L.|SSpEJd

|eLpeLug|-|’eueA.|eH’qe[und40sa1eJ,5aqa,on,S1D9[OJdseegpue|e6ueN-eJ>|eqgaqn,LUJO;49/v\od91C|!.l1S!p
on,pue1q|aQ40_LQ[\|pueUQL|1SQ_[2'EUE’/UEH’qe_[und;0selelga1.|101s1a1e/v\seagpuemeg’_[ap,ngJ9A!J
eqn,40Agddnsaqn,a1e|n5a401995113vuo!1esgue6Joa\dqe_[undaql405;uoglaagsun,q1g/v\aauepmaae
ug.l8p.lOa/\p,naaxeueL|5|"|O.lL[J,pa1n1g1suo:>se/v\(gwgg)pmog1uaLua5eueWseag-e1g>1eqg

(gwgg)p.|eogquawaeuewseag-E.I€)|2l.|Q

'ugseqQDQLUJENug

>p0/vnau1aLuoJpAqpa1e3p,sgl.|d0sdnBumas.10;swampsaqn,;01-aseqd5U11U9l.1J9|dUJ!MOUsg11'139_[OJd

JEAOJQS1ep4e540s1:>e;,1a.|9J,E‘M>{DEC|aqn,um;qsapwdeAqpe|,qugsumo),Zpuesa6e||1/\17140uog1:>a1o1d
Jo;s1.|odeu40UO!1E‘Jl2C|8JC|ugpaeuasgA1g.|0q1nv9L|1'J,D9[0JdJQAOJESJQPJQSugA1!/\g1:>elusuuamasea
pueuop,e1g|§qeqa3puesp4en5a;es|E1U9LUUOJ!AU940UO!1E1U9UJ8|dLU!;0sell!/\;1:>eaqn,sapgsag

S8lB1§UISEC]-O3||ELIO5U!pU!qDUB|EU[JS!9311!LLILUOj
MSQABHSLR:10L|O!S!39p9L|_|_'9911[LULUO:)9/\!1I'D9X39L|1U!1UBLU99.l6QS!|DAUQJOSJBIIQLUU0UOQSDBD
|EU[JG)1E1OJ,SEL|SJSQLLIBUJS2Ll2L|1SE_[E};]PUBJ,E.l2_[|'1E)'BJ1L|SEJE‘L|E|/\]'L{S8pQJd2/\L|pE|/\]JOS91E15SLR
JOSJ91S!U!|/\|JSILD[DUES9I)J|'1OS9}j.1919/\/\JOJB1S!L|!]/\]UO!U9141/§C|DSPQGL]GB1J,[UJU.lOQMB!/\9V

'a4eqs|enbaugueq1se_[e3pue121:-2_[n9’e11qseJeqe|,q'L{SBpQJdempew
40sa1e15aup,LUOJJsgA11.|oq1nvaqn,40ugpun;aqi'A1!10q1nvaL|1;oBuppo/v\9A!1Q.l1S!U]LUpE’40a54e1.|3u!
aqn,BugaqJBQLUSWa/\!1n:>ax3aqn,pueUELUJ!EL|:)sesaomosag4912/v\40Ansgugwuogun’/umenagAq
papeaqsqA1g.1oL|1nveqi‘D19'13:->_[04dJ9/\OJE§JEDJESLum;slgaueq.19/v\od;oupeqs‘$1912/v\epeu.ueN
40|o.|1uo3pueU0!1E|Fl58J’1uau.|u0!1.|odde859.1015BugpnpugugseqJ8/\!.lal.|1,10luauuaeuewpue6u!uue|d
Jo;(5451)|eunqg1J_mndsgqJane/v\epeLu.|eNaup,40p42/v\eam;0u0g1e1uau.|a|dLu1aqa,'5Ll!98SJ8/\O
40asodmdpa1gwg|sq),.10;Mugewlueewsg0351ugdnlasA11.|oL|1nv|0Jl1UOjEPELUJENaqi

Azpoqqnv|o.quo3epeu.ueN

'aaue1ea|a:1uaun,sa/xug401d1a9a4uo13a[o4dweqeAgpe|6ed;0
uog1:>m1suo:>aqqpuewag\.|>1n|.u!ed;_|_40>110/v\UO!13I'1J1SUO3-9Jdaqn,dne>1e101pasodwdsg11'!1QL.|E'M|'1Q
q1.|oN12a4n1g1su1L|DJE'8S3pag||vpue3g|ne4pA|_|u4a1se3L|I|..|O[\|dnumesos|esgpnaogaql'gs|n>|pue
lgqo-|’6u_eqg(1’gJ!su2qn5'L|)|!U.l!Q(I|!i’eA!pe|6ed"2!/\s1aa_[o4dasodmd-p,|nu1'S9LU9L|3SBEEUIBJP31_4pads;0



 —S817

'u!seqJ9A!.l401uau.1do|a/\ap||e1a/\oaq1q1g/v\pa1sn.|1uase1v\qngq/v\

uoqe.|odJo3/Kane/\JEPOLUQQJo;gdaoxas13e[01dsaamosw1812M40aaueualugewpueu0p,e.|adopue

sasodmdaqpadsJo;sue|dJ91SELLlugseqJ9A[.l;0u011e1eda.\d's|eunq1.|1alndsgp1a1e/v\40sp1e/v\eaql;0

u0p,e1uawa|dw1aqn,6uuv\a!/ua/\o’s13a[01dse31n0se.|.1912/v\;0LlO!121U8UJ9|dLU!Apaadsseqonssasodmd

pamunaqn,'1n0q1uv\saseosnoqe/\ugp91dLU81J,Eueaqseq6u1uue|d|a/\a|ugseq’A||e1uappu1

'sag1o1!.ua_|_uogunaq1puesa1e15aqa,

/‘.qsue|d.|a1se1.uugseqJ9l\!J40uog1e1ede1d;o>110/v\aqn,uqeugpmoaueaqseq3/v\3aqq;oLlO[12Z1LlE5JQ

guawaeuewpue6u!uue|dugsegaq_|_'43-Z951uunpsanbguqaenBuqaeuguawens/ksBugsn

ugseqgpeueqew401U9LUdO|9/\9|I)aq1.10;sagpnqse/qsuaqwduuoa1n0pau4e:>0s|eseq’13a[0JdBupaaugug

SUJEHS/\SP915559dC|NBLI1H1!/\/\'DN\I)Bull‘$91918UlseqEH101P91P\n91!i>59/\/\1100191BLLL‘L861

ug,,ue|d8/\1139dSJ9dv-1U8LUdO|8/\9QS9I).ll'\OS9};|1a1e/v\-ugsegeueg“1,|0daJepa1eda1dUO!1QS!U25JQ

5/v\g9aq_|_'A|u0ugseq-qnseueg)01>110/v\aq1euguoa01pas!/\a1se/v\a/q1ae[qo2->q1‘/qquanbesqng

'u016;->1eqn,;o1|_4auaqaqq.10;ugseqeuqaw-e11ndewqeJg-eueg
40SBDJHOSBJ1se/\;o1uewdo|a/\ap10,1

S9[591BJ1Sa/q1eu4a1|e:1no>|.|o1v\01a/qpafqo||e1a/\oaqlq11/v\3/v\3uyL951ugpa1ea13se/v\UO[1QS!LlE5.lQ

(5/W39)sagpnlg.1:-ne/\/\E.l1|'\dQLUqQ.lQe6ue9a|1q1vqs.\aeq_\_‘(Q/\/\f))‘u01ssgu11.uo3.1312/\/\|e11ua3aqn,ug

ue>1e:uapunuaaqos|ea/\eqsue|d|a/\a|ugseq40uog1e.|eda4d10;sagpnls‘a/\oqeaq101uomppeu1

's13a[o1d1uawdo|e/\apSSDJHOSBJ1a1e/v\91218-J91U!1U21JOdUJ!;0uonnaaxaApespueagwouooe‘1uapg;a

9/\a!q3e01A|ugeu.|dn1assuop,es1ue610ugseqJ9/\1Jaqt;40sa|dwexasepalpaqueaEPQLUJENssone

:pa[0JdJEAOJES1ep.|e5aqn,puegqewssoneJ,:>a[oJd1e6es[e[eggqew40e5.|eq3ugp.lEOQ|o.~1u03gqew

eqa,‘auogssonewep.ll262SLlEQ40a6.1eq:>ugp1e0g\o.|1uo3Jeesuegaql‘e/megssoneUJEP1eq6[e3

;oa61eqaugPJEOQJ9/\[}je/vqagaql2->>msuop,es1ue610.|aq1o|EJ8l\8S‘a/\oqeaq1uuo;uedv

suopesgueag.l8l|I|,O

'sa1e15ugseq-0:)aq101e|q>1Q01dnl2LlI'\LU2)\J9/\!J;oS.|81l2Msq),6ug1e:>o|\euaaqseqPJQOQ

aq_L'sa1e15usgeq-0:)HeuoSugpugqpue|euqs1891l[LLlLUOjN\E)[A9}jaql40uogspepsq;'s1aqu1e|,\|se

a1e15ugseq-09He40s1a1sgu1|,q}9!L[)q11/v\saamosa->3.1912/\/\401a1,s!u1|,quogunaqa,Aqpapeaq391l!LULLlOj

Ma!/\a3eunu1e)\J9ddaqn,Aqpamaseqmm'Aue41's6u11aau1PJEOQug1U9LU99.l6QS!paq_L

'a4eqs|enbe

ugsa1e15ugseq-03HeAqpap;/\o1daq||!/v\D1208aql.10;s1uawa.|1nba.|spun;aq_|_'s:pa[0Jd91215-.|81U!aqn,

40UO!1l21U8UJ9\dLU!q1oowspue1:-ne/v\40uoqe/uasuoo'A11|enb.1812/\/\40eaueuenugeuuJo;uoqeugpmoa(A!

isasodmd.|a1e1v\6ug>1u!1ppue|edpgunwaqqJo;asna/qqdwnsuoaaqn,Jo;Bug/v\o||eJayeeumue)\

u10.qgq|aqAqs|e/v\e1pq1g/v\1a1e1v\aq1LUOJ}smogu.|n1a140Buuolguow([1!1JBUUELUpaseqdeugMoq

Lumugugw;0aaueualugew([15aeueqE|L\>\()Bugpnpugpue01dnsa6e4.|eqpue59521013||eu10J;1a1e/v\

40Mddnspueu011e|n6a3(1apnpu!p1eo9aq1;osuogipun;aq_L'1q|eQ;0_|_:)Npueqsape1d|eqoeu.qH

"’ue1qse[e3’qsepe1dJenn’eueMeH;oseneqgugseq-onaq1HeLUOJ;SJGQLUGLUseqpueUQLUJQQLE)se

uogssgwwog.1912/\/\|e.qua3's1:>a[oJdpue6u1uue\d4e1e/v\Ueqwawaq1Aqpapeaqs1p1eogaq_L

'1U9LU88J5Eaqn,JSPLIHepewu0p,e:>o||e||e.|a/\oaq1ugqlg/v\ugsegJBAMeumuekJ9C|dsq),u!aE>e401s

paulluap!qvea401I)9dS8JugpalnaaxaaqH!/v\sluauuaeuea1e1edes1eq1sap!/\0.1dos\eQQWaq1_

"1uau1aa.|6eaq1;o>110/\/\ewe4;Hem/\oaq1u!q11:v\se1e1gugseq-onBuowes/v\o|;a|qe|1e/\eaq16ug1eao||e

40asodmdaqlJo;pa1n1g1su03uaaqseqp1eogaql'u!se9J8/\!}jeunwekJeddnaqa,ugsaomosw

—7~— _



1

 @
GLQSSARY

Agreement: That part of the contract which formally binds the parties to full their respective obligation.

Antifoamants: Chemicals added to detergents in order to keep the creation of foam to a minimum.

Aquaculture :The raising of plants and animals in the sea, a lake, a river, or other bodies of water.

Aquifer:A porous geological formation which can store an appreciable amount of ground water and from which water can be

extracted in useful quantities.

Ash Pond : The water body created for discharging industrial effluents Especially in thermal power plants.

Backwater : A creek, arm of the sea or scales of connected lagoons, usually parallel to the coast, separated from the sea by

a narrow strip of land but communicating with it through barred outlets.

1 Bay : A large estuary with a relatively high degree of flushing.

Betterment Levy : A contribution from beneciaries in kind or cash, constituting a portion of unearned income due to

benets that accrue to land, in an area on which the government has invested or proposes to invest for development of
\

irrigation, ood protection or drainage scheme for purpose of reclamation. It is variously titled as inclusion fee’, ‘contribution’,

and ‘capital levy’.

Biodiversity : Variety and variability of species in an ecosystem.

Biological Oxygen Demand (BOD) : The amount of dissolved oxygen required by the organisms and for the decomposition

of organic matter in water.

Biomapping :The biological status of river water depicted on map.

Boundary River : The part of a river which constitutes the boundary between two states or countries.

Capacity Building : The process of building organisation, human resources and the legal and regulatory framework needed

for effective and efficient water resources management.

Capital Cost: The total expenditure incurred on awork since the beginning of its construction, excluding cost of operation,

maintenance and repairs, but including cost of investigations and of all extensions and improvements.

Catchment Area : The area from which runof flows into a river, reservoir, etc.

Check Dam : Small dam constructed in a gully or other small watercourse to decrease the stream ow velocity, minimize

channel scour and promote deposition of sediment.

Chemical Oxygen Demand : A measure of the oxygen required to oxidize all the compounds in the water.

Chlorination : The use of chlorine for the treatment of water, sewage or industrial wastes for disinfection or oxidation.

Coltfonn : Pertaining to the bacilli commonly commensal in the intestines of humans and other vertebrates.
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Combined Wastewater : A mixture of surface runoff and other wastewater such as domestic.

Community Development : The participation of the people themselves in efforts to improve their level of living with
as much reliance as possible on their own initiative and the provision of technical and other services in ways which encourage
initiative, self—help and mutual help and make these more effective.

Conjunctive Irrigation Planning : Planning an irrigation project in a given area having underground resources of water
supply in addition to the overground, so that both the surface and subsurface water resources are so planned as to obtain the
most economical and wise combination of the use of water from the two sources.

Conjunctive Use of Water: Use of surface and ground water conjunctively for irrigation, water supply, industry etc.

Conservation : The act of maintaining entire, of protecting, preserving and improving, with undertones of permanence
and saving from waste (in quantity) and deterioration (in quality).

Consumptive Use : The quantity of water used by the vegetative growth of a given area in transpiration and that
evaporated from the soil.

Contamination : To introduce a substance that would cause the concentration of that substance to exceed the maximum
contaminant level and make the water unsuitable for its intended use.

Conversion : A resource recovery method that uses biological, chemical, or mechanical processes to transform solid waste
materials into usable forms.

Cooling Pond : An artificial lake used for the natural cooling of condenser-cooling water serving a conventional power
station.

Cost Recovery : Fee structure that covers the cost of providing the sen/ice or investment.

Creek : A notable physiographic feature of salt marshes, especially low marshes, in the development of tidal creeks in the
marsh itself.

Culturable Command Area : This represents the culturable area in the gross command area .

Decentralization : The distribution of responsibilities for decision making and operations to lower levels of government,
community organization, the private section and non-governmental organizations.

Dechlorination : The partial or complete reduction of residual chlorine in a liquid by any chemical or physical process.

Delta : It is the depth of Irrigation water.

Demand Management : Programme which is adopted to achieve effective management of use of water resources in
order to meet the general objectives of economic efciency, environmental conservation and community and consumer
satisfaction.

Depreciation : The loss in service value of a projectdue to (i) wear and tear not Covered by current repairs, (ii) obsolescence
or inadequacy resulting from age, physical change, supersession by reasons of inventions, discoveries, changes in public
demand or public requirement, or (iii) loss suffered through the destruction of property by extraordinary casualties.

Differential Water Rate : Rate of water taken on dry land for governmental sources of irrigation corresponding to the
difference between the assessment on dry lands and wet lands.
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Dilution : A form of effluent disposal in which relatively small volume of efuent is discharged into large receiving body of

water.

Disease : A particular destructive process in an organism with a specic cause and characteristic symptoms.

Dissolved Oxygen (D0) : The amount of gaseous Oxygen dissolved in water and available for chemical activity.

Dissolved Solids : The total amount of dissolved material, organic and inorganic, contained in water and wastes. The

amount of dissolved solids determines the hardness of water.

Ecosystem : A system made up of a group of living organisms and its physical environment and the relationship between

them.

i
I

I

evapotranspirtation needs of the crop.
Effective Rainfall : It is that part of the precipitation falling during the growing period of a crop that is available to meet the

Effluent : A discharge of polluted water (untreated or partially or completely treated) into the environment.

Endemic : A species restricted to a given geographic location. Native species to a given locale.

Enteric Bacteria : Bacteria which inhabit the intestines including those which may cause disease.

Environmental Impact: An effect of any kind on any component or the whole of the environment.

Estuary : A conned coastal water body with an open connection to sea and a measurable quantity of salt in its water.

Evapo-transpiration : The total water vapour loss by evaporation and transpiration from a vegetated surface over a

given period. It lincludes evaporation of water from the soil, from dew and from intercepted precipitation as well as

transpiration from plants.

Flocculation : Separation of suspended solids during wastewater treatment by chemical creation of clumps of ocs.

Flood Control Project : A project meant either solely or primarily for ood control purposes, although in the latter case,

it may incidentally sen/e other purposes. It may utilise one or several of the ood control methods. Also called in AUSU3ll3

‘ood mitigation project’.

Gross Area Sown : This is the sum of areas under all crops and represents the sum of net sown area and area sown more

- than once in the year.

Gross Command Area : The total area including unculturable area under habitation, roads, tanks, wastelands etc covered

by a specific irrigation project.

Gross Cropped Area : It is the gross cropped area in a Year. Area cropped two and more times is accounted twice and so

on.

Gross Irrigated Area : It is the gross irrigated cropped area in a year. All irrigated areas are counted according to the

number of times they are cropped.

Gross Irrigation Requirement : It is the depth of irrigation water required to meet losses in conveyance and application

apart from satisfying the evapotranspiration requirements for unhampered maturity of crop on climatological considerations.

In the case of paddy, it includes deep percolation requirement also.
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Ground Water Draft : It is the quantity of Ground Water withdrawn from Ground Water Reservoirs.

Habitat : The place where an animal or plant naturally lives or grows.

Hydro-Electric Power Project: Project meant solely or primarily for hydro-electric power production, although in the latter
case it may incidentally serve other purposes.

Hydrologic Cycle : The continuous circulation of water from the atmosphere through soil to ocean to atmosphere
(interrelationships between precipitation, evaporation, groundwater supplies, and water in general).

Hydrological Data : In reference to water resources development, this term refers to data on precipitation, river stages,
river discharges, sediment transportation, yield and storage of groundwater, evaporation, valley storage, maximum ood
levels and discharges and the quality of water as well as other related meteorological data, such as temperature.

Incineration : Controlled process by which solid, liquid or gaseous combustible wastes are burned and changed into
noncombustible gases.

Integrated : As applied to design, planning or operational management, the design, planning or operation of a system of
facilities in an interrelated pattern with a view to maximizing economies possible in joint operation.

Integrated River Basin Development : Development of a river basin in its entirety, including, if necessary, transfer or
transportation of water, from or to other river basin. The execution of work involved may, however, be taken up in stages.

Integrated River Basin Management : The process of formulating and implementing a course of action involving natural,
agricultural, and human resources of a river basin therewith taking into account the social, economic, and institutional factors
operating a river basin to achieve specic objectives. It signifies the interactions of components and the dominance of certain
components in the particular area.

Intensity of Cropping : This is the ratio of gross (total) area sown to the net area sown expressed as a percentage.

Intensity of Irrigated Cropping : This is the ratio of gross irrigated area to net irrigated area expressed as a percentage.

Intensity of Irrigation : This is the gross irrigated area in an agricultural year expressed as a percentage of the project's
culturable command area.

Q International Water Course : A water course, parts of which are situated in different countries.

Irrigation Cess : In areas where irrigation supplies are not required in years or periods of favourable rainfall conditions and
are in demand only when the rains fail or are delayed, an annual charge, known as ‘irrigation cess’, is levied per unit area
irrigable from a project whether water is actually taken for irrigation or not.

Irrigation Project : A project meant either solely or primarily for irrigation purposes including development and
improvement of land, although in the latter case, it may incidentally serve other purposes.

Irrigation Potential : Total possible area that has been brought under irrigation, plus that which can be planned for
irrigation in a river basin, region or country, from available water resources, with designs based on what may be considered as
good technical practice known at the time of assessment of the potential.

Lake : A large body of water contained in a depression of the earth's surface and supplied from drainage of a larger area.
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Mangrove : The mangrove is association of halophytic trees, shrubs and other plants growing in brackish to saline tidal

waters of tropical and sub-tropical coastlines.

Multiplepurpose Project : Project designed, constructed and operated to serve two or more interests or

purposes, namely flood control, hydro-electric power, navigation, irrigation, sheries, public water supplies, recreation.

Project designed primarily for one of these purposes but providing incidental benefits to others is also referred to as

multipurpose. It may be individual project, or a part, planned or improvised, of an integrated river basin development.

Net Cropped Area (NCA) : NCA is the net cropped area in an year under reference. Area cropped twice or more times in

an year is accounted once only.

Net Irrigated Area (NIA) : NIA is the net irrigated cropped area in an year. All irrigated areas whether cropped once or

more in an year are counted once only.

Net Irrigation Requirement(NIR) : NIR is the depth of irrigation water required to satisfy evapotranspiration requirement

E for unhampered maturity of crop on climatological considerations. It also includes pre—sowing irrigation.

l

l Net Sown Area : This is the total of area sown with crops and orchards counting areas sown more than once in the same

A
agricultural year only once.

Non-consumptive Uses : Those uses of resources that do not reduce the supply.

Non-point Source : A contributing factor to pollution that cannot be traced to a specic spot.

Operation and Maintenance : Operation is the organised procedure for causing a piece of equipment, a treatment plant, or

other facility or system to perform its intended function, but not including the initial building or installation of the unit.

Maintenance is the organised procedure for keeping the equipment, plant, facility or system in such condition that it is able to

‘ continually and reliably perform its intended function.

Overall Irrigation Efficiency : It is the ratio of water benecially used including leaching water to the quantity of water

delivered at canal head. It is the product of conveyance and water application efciencies.

Overdraft: Amount of water withdrawn from a water resources system in excess of the optimal yield.

Oxidation Ponds : A shallow lagoon or basin in which wastewater is puried through sedimentation, and aerobic and

anaerobic biochemical activity over a period of time.

Point Source : A highly localized pollutant source.

Pollutant : Any introduced substance that adversely affects the usefulness of a resource. A residue which has an undesirable

effect upon the environment.

Ponds : Generally, suggests a small, quiet body of standing water, usually shallow enough to permit the growth of rooted

plants from one shore to another.

Prioritisation : Right to have or do rst before others.

Project Cost: The value of goods, services used to investigate, establish, maintain and operate a project.

Project Estimate : An approximate estimate based on full detailed surveys and investigations; for example, an estimate

prepared after detailed foundation exploration, surveys over extensive areas for construction materials, alignments and
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longitudinal sections of channels, detailed designs of works etc., have been completed. In this case too, although the
quantities would be forecast with sufcient accuracy, rates of cost which get affected by a variety of unpredictable factors still
remain flexible to a large extent.

Public Participation : Citizens or persons outside of the planning or management agencies are involved in the planning.
Public participation is a continuous, two-way communication process, which involves promoting full public understanding of
the processes and mechanisms through which the problems and needs are investigated and solved by the responsible agency,
keeping the public fully informed about the status and progress of studies and ndings and implications of plan formulation
and evaluation activities and actively soliciting from all concerned citizens their opinions.

Replenishable Ground Water : It is the portion of precipitation which after infiltration percolates down and joins the
ground water reservoir.

Reservoir : A pond or lake built for the storage of water, usually by the construction of dam across a river.

Return Flow : It is the part of the irrigation water lost as percolation in water courses and in eld application of water and
joins the ground water resen/oir.

Riparian : Living on or adjacent to a water supply such as a river bank, lake or pond.

River Basin : A geographical area (catchment area) determined by the watershed limits of a water system, including surface
and underground water, owing into a common terminus.

River Basin Development : The orderly marshalling of land and water resources of a river basin for multiple purpose to
promote human welfare. It may comprise engineering works and water resources management covering the entire drainage
area, from the head-water of a river to the place where it empties into the sea, including all its tributaries, or of a sub-basin
consisting of a watershed of a stream from its headwaters to the point where it becomes tributary to a larger watercourse.

River Valley Project : Project directed to developing, controlling or utilising water resources of a river basin.

Sanctuary : An area usually set aside by legislation or deed to observe restriction for the preservation and protection of
organisms.

Saprobic : Having to do with decomposed life forms.

Sensitivity Analysis : Assessment of the response of some factors as a result of changes in other.

Sewage : Liquid refuse or water matter carried off by sewers.

Sewage Effluent : The liquid and solid waste carried off with water in sewers or drains.

Sewerage : The removal and disposal of sewage and surface water by sewer systems.

Socio-economic data : In reference to planning and development of water resources project, this term includes overall
basic sociological and economic data (population distribution, income, employment, production) and functional data, such as
those relating to agriculture, forestry, shing and trapping manufacturing, mining, recreation, tranportation, power demand,
damages from floods, tornadoes, windstorms and coastal erosion and information on water supply, its pollution and public
health.

Strategies : The translation of policy statements into general programmes.
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Swamp : Wetland dominated by trees or shurbs.

Threshold, or Critical Level : That intensity of stimulus below which there is rlo responses-* ' '

Total Dissolved Solids : The total weight of dissolved mineral constituents in water per unit volume or weight of water.
-J. Q.

Unaccounted for Water(UFW) :» Unaccounted—for water, i.e., the volume of water lost through leakage or irregular

practices between entering a distribution system and reaching the users.

Upflow Anaerobic Sludge Blanket (UASB) : Upow anaerobic sludge blanket (UASB) reactors are an extremely

efcient process for the treatment of high-strength industrial, including agro-industrial, wastewaters.

Ultimate Irrigation Potential : Maximum area identied for irrigation from available water resources.

User Charge : Charge made to users of water and waste water systems for services supplied.

H Vector : An organism that carriers a disease, parasite or infection.

Volumetric Water rate : The charge levied according to the quantity of water actually delivered to the outlet .

l Waste Stabilization Ponds : Shallow man—made basins into which wastewater ows and from which, after a retention time

l of several days (rather than several hours in conventional treatment processes), a well-treated effluent is discharged.

J

\ Waste Treatment : Any process to which wastewater or industrial waste is subjected to make it suitable for subsequent use.

l

1

Water Application Efficiency : The water application efciency is the ratio of the quantity of water stored into the root

1
zone of the crops to the quantity of water delivered to the eld.

Water Conveyance Efficiency : This takes into account the conveyance or transit losses. This water conveyance efciency

is equal to water delivered to the farm or irrigation plot divided by the water supplied or diverted from the reservoir or river.

Watercourse : A system of surface and underground waters and constitute, by virtue of their physical relationship, a unitary

whole and that ow into a common terminus.

Watercourse State : A country in whose territory part of an international water course is situated.

Waterlogged : Area in which water stands near, at, or about the land surface so that the roots of all plants except

hydrophytes are drowned and the plants die.

Watershed : The line separating waters owing into different rivers, basins or seas. Often used to mean catchment area or

river basin.

. Watershed Management : The planned use of watershed lands in accordance with predetermined objectives involving the

control of erosion, stream flow, sedimentation and the improvement of vegetative cover and other related resources.

Watershed Project : Project consisting primarily of measures to improve ground cover and condition including better

cultural practices, shifts in rotations of crops and intensity of land use, strip cropping, contour farming, re protection land

controlled grazing, stream protective measures, afforestation, gully-plugging, stabilization of hill slopes, and other means for

the control of natural resources.

Water Policy : Collection of legislation, legal interpretations, governmental decisions, agency rules and regulations and

cultural responses which guide a country's actions concerning the quantity and quality of water.

Water Pollution : The addition of harmful or objectionable material causing an alteration of water quality.

Water Quality : A graded value of the components which comprise the nature of water. Established criteria determine the

upper and vor lower limits of those values which are suitable for particular uses (organic, inorganic, chemical, physical).
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Water Rate : A charge levied on the beneciaries for supplying irrigation water. It may be based on / or may cover one or

more of the following (i) Maintenance and operation expenses. (ii) Amortization charges for the whole or part of the project

and maintenance and operation expenses. (iii) Not based on investment costs but on other criteria which may cover or even

exceed or may not cover the working expenses and interest on investment.

Wetlands : Areas of marsh, fen, peatlands or water, natural or articial, permanent or temporary, with water that is static

or flowing, fresh, brackish or salt including areas of marine water less than six metres deep at low tide.

Wildlife : It includes any animal, bees, butteries, crustacea, sh and moths and aquatic and land vegetation which forms

part of any habitat.
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144Central Public Health and Environmental
Engineering

60,161Damodar Valley
l31,139,172,302National Hydroelectric Power
139,172National Thermal Power
63Power Finance
139

Cost
Capital

63,112,151,255,256,257,265,289,354Establishment
245,252,270,362,363Estimated
1 13,139,243, 244,276,280Original
260Residual
244,260,272,273, 276,279Spillover
242,243,244,269,280,281

Council
General

231,232,360Inter-State
206,358
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National Water Resources 21,77,233,239,240,249

Data
Collection of 204,216,229
Hydrogeological 40
Hydrological 139,334,335,370
Hydrometeoroiogical 291
River Flow 27,29,33

Demand
Bio-chemical Oxygen 67,313,322,323
Chemical Oxygen(COD) 161
Domestic 59
Industrial i 155,187,190,348

Development
Basin 204,282
Ground Water 42,43,78,80,82,86,102,259,341
Himalayan Rivers 39,182
Human Resources 100,329,340,350
Integrated Watershed 152,171,172,175,177,246,250,347,356
Integration of rural 248
Irrigation 12,14,53,54,75,76,80,84,171,278
Issues of 75,271
Local Watershed 152,172,176,204,224
National Perspective for Water Resources 39,181
Peninsular Rivers 39,182
Sustainable 6,22,66,171,199,336,337,338,339,340,346,350
Technological 199
Water Resources 1,4,5,17,39,76,168,228,235,246,283,295,296,297,298, 299,

300,302,303, 312,319,329,336,337,339,341, 350,351,366,
367,369

Watershed 19,20,22,38,85,127,130,152,170,171,172,175,176,177,201,
204,215,222,223,235,246,2SO,301,307, 318,337,347,356,36O

Disputes
Adjudication of Water 200,204,206
Interstate Water 20,130,142,201,349,358
Resolution of 200

Drainage
Natural 91,198,304
Subsurface 92,96,97,98,116
Surface 94,96,98,116,319

Efficiency
Conveyance 58,109
Distribution 109
Economic 197
Field Application 109
Overall 109, 190

Energy
Ministry of Non-Conventional 140

Environmental
Aspects 4,7,84,140,155,163,203,205,235,301,311,360,368
Concerns 6,17,101,142,300,310,329,350,353
Impact Assessment 304,305,306
Impacts 129,182,197,198,297,302
Issues 84,300,301,344
Quality 163,197

Equity
Bonds 248
Water 248
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Flow
Annual 9,27,29,30,31,38,180,188,191, 192
Dependable 34,188,191,207
Mean 27,29,30,31,32,180,188,192
Natural 27,30,31,34,188
Return 27,33,42,47,71,72,73,74,76, 180, 188, 190, 191,192, 334,

338,346,351,370
E Surface 23

Surge 105

Forests
Environment and 266,305
Water Regime 309
Ministry of Environment and 67,154,163,172,212,266,304,305,306,310,311,315

Ground Water
Dynamic 39,40,/41
Replenishable 40,188,191
Static Ground Water 39,43,44,45,47,351

Growth
Industry 159
Population 10,15,48,49,50,61,66,146,338,346
Rate of 49,62

Institute
Central Mechanical Engineering Research 166
Central Salt and Marine Chemical Research 167
Central Soil Salinity Research 332
Indian Agricultural Research 7
International Food Policy Research 50
National Disaster Management 126
National Environment Engineering Research 149,332
Tata Enegry Research 67

Irrigation
Delta 39,58
Depth of 58,70
Drip 28,10S,118,337
Furrow 105,118,264,337
Groundwater 72,348
Intensity of 70
Sewage 119
Sprinkler 105,118
Status of 269
Surface water 56,72,82,190,348

Issues
>

|

' Link

Ecological 22
Environmental 84,250,300,301,344,369
Financial 235,360
Institutional 200
Legal 86,192,200,201,205,224,227,357,36O
Social 176,300

Bedti ~Varda 196
Damanganga — Pinjal 195
Gandak — Ganga 187
Ganga — Cauvery 179
Ghagra — Yamuna 187
Godavari — Krishna 182
Kalisindh — Chambal 196
Ken — Betwa 196
Kosi — Ghaghra 187
Mahandi — Godavari 182
Manas-Sankosh-Teesta-Ganga 187,289
Netravati — Hemavati 196
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Pamba-Achankovil-Vaippar 195
Par-Tapi-Narmda 195
Sarda — Yamuna 187

Management
Construction 267
Demand 150,289
Ecosystem 221
Flood 6,95,120,121,124,294,353
Groundwater 213,214,358
Irrigation 18,80,87,101,102,110,114,218,224,234,235,333,339,343
Liquid Waste 152,354
Participatory Irrigation 18,77,80,87,101,105,113,218,220,224,339
Resource 50,223,351
River 145,230
Wastewater 153
Water Resources 223,351
Watershed 76,124,245,29S,332

Operations
Reservoir 120,132

Organisations
Farmers 218,221,224,250,348,360
Non-Governmental 297
River Basin 203,209,228,240,242,349,357,358
Voluntary 153,172,175,176,177

Participation
Farmers’ 218,219,220,221,248
People's 127,175,221,235,306,347,360
Private Sector 141,248,249,250,361

Plans
Annual 77,242
Five Year 60,62,64,77,78,79,80,99,121,146,147,172,242,243,245,

247,248,259,260,269,352,365
Ganga Action 154,322,324,325,370
Master 30,99,110,121,124,203,228,233,306,307
National River Conservation 154,325,370
Outlays 84

Policy
National Water 9,20,21,22,39,124,146,196,203,239,240,242,305,351

Potential
Created 85,247,249
Ground Water 15,38,39,82,22S,285
Ultimate Irrigation 37,54,81,83,269
Utilised S3,54,89,293
Water Resources 28,32,37

Prices
Administered 197
Agricultural 195
Constant 52,78,124
Current 78,81
Free Market 197
Product 197
Shadow 197,266

Project
Central Arizona 113
Chukha 291
Damodar Valley 172,203
ERM 242
Hawana Operational Pilot 97
Indira Gandhi Nahar 107,187,293
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Karnali 296
Kurichu 291
Loktak Hydro 292
Major Irrigation 5,82
Medium Irrigation 82
Minor Irrigation 5,82
Multipurpose 114,273,278
Ongoing 3,19,77,8O,241,242,243,244,247,249,250,251,260,271,

272,361,362
Parambikulam-Aliyar 179,209
Periyar — Vaigai 179
Polvaram 208
Rajasthan Agricultural Drainage Research 97,114
Salt River 113
Sardar Sarovar 103,114,195,297
Specic 19,205,206,297
Speedy Completion of 365
Sriram Sagar 29,192
Tala 291
Telugu Ganga 179,302
Tipaimukh 290
Tulbul Navigation 293
Water Resources Consolidation 113,220

Production
Crop 99,118,285
Food 17,19,48,56,75,81,285,302,347,348
Industrial 62,66
Power 346

Programme
Accelerated Irrigation Benet 244
Action for Food 173
Aga Khan Rural Suppoit 175
Command Area Development 18,77,80,82,86,220
Disaster Management 126
Integrated Rural Area Development 177,250,356
Integrated Watershed Development 152,177,215,246,356
National Rural Employment(NREP) 245

Rainfall
Annual 12,19,23,95,116,118
Effective 72,190
Mean 14

Requirements
Bovine Water 61
Crop Water 108,115
Domestic Water 61,195,263,302
Ecological 66
Evaporation 68‘ Gross Irrigation(GIR) 58,71
Industrial Water 61,195,302
Inland Navigation 64
Net Irrigation(NIR) 58
Power Development 62

Resettlement and Rehabilitation
Core of 307
Guidelines on 305
Process of 305,315

Resources
Local Water 6,105,170,171,250,347,355
Ministry of Water 1,2,3,5,7,23,29,53,54,79,80,86,87,88,90,92,112,121,172,177,

181,182,206,211,212,213,221,228,232,235,239,240,242, 248,
249,266,281,332,335, 356,365

Natural 10,11,61,209,230
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Rights

Ground Water
210Water
20,201,209,223,359

River
Achankovil

195Beas

168,204,287,292Bedti
196Betwa
154,203,326Brahmaputra
24,30,65,76,122,142,144,294,366Cauvery
29,30,75,148,154,182,187,204,326Chambal
182,196,326Champamati
30Chimtuipui
292,294Chindwin
292Daman Ganga
195Dharla
289Dihang
289Dudhkumar
289Gandak
294Ganga
24,30,65,103,122,142,144,207,294,325Ghagra
294Godavari
29,65,142,144,154,182,204,207,326Hemavati
196Indus
30,103,287,292Kalisindh
196Ken
154,182,196Kosi
129,294,302Krishna
29,6S,76,l42,l44,148,154,182,187,196,204,326Mahanadi
29,3O,65,142,144,154,182,326Mahananda
289Manas
182Manipur
292Meghna
24,122,294Narmada
29,30,65,76,142,144,154,204,208,326Netravati
196Newaj
196Pamba
195Par
195Pennar
187Pinjal
195Ravi
204,287,292Sabarmati
29,76,148,154,326Sankosh
187Subansiri
289Sutlej
154,168,287,292,326Subernarekha
29,154,326Tapi
28,29,65,131,142,144,154,182,195,303Teesta
283,288,289, Tungabhadra
154,196,326Vaigai
3571 Vaippar
195Vaitarana
195- Varda
196Yamuna
126,325Yarlungzangbo
291l

Schemes
Centrally Sponsored

77,172,322Extension, Renovation and Modernisation(ERM)
242,269Ground Water Minor Irrigation
82,86Surface Water Minor Irrigation
81

Soils
Alluvial

334Conservation
77,85,120,12-4,127,332Saline
86,94,97
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Standards

Bureau of Indian 153
Efuent 165
Minimum National 164,355,368

States
Basin 75,182,207,208,217,230,279,349,358
Water Course 284,285,286

Surface Water
Pollution of 15,302
Utilisable 31,34,35,37,38,71,188, 191

System
Block 106,113
Conveyance 114,151,190
Delivery 89,103,108,352
Delta 75
Distribution 90,104,10S,108,109,114,149,314
Global Environmental Monitoring 317
Hydrologic 71

I Information 114,205,229,235,334,361,370
Management Information 113
On-farm Development 82
On-farm Water Management 91,102
Operation and Maintenance 112

‘ Satta 106,113
Shejpali 106,113
Warabandi 106,110,113,352

Technology
Desalination 166
Dorovu 95
Innovative 154
Low Cost No Waste 159
Rainwater Han/esting 95

Treaty
Ganga Waters 287
Indus Water 135,285,287,292,293
Mahakali 287,290,297,366

Tribunal
Godavari Water Disputes 207,208
Krishna Water Disputes 28,31,207,208
Narmada Water Disputes 28,203,206,207,208
Ravi-Beas Water Disputes 24

Uses
Conjunctive 76,78,80,82,91,94,99,102,106,107,111,113
Consumptive 287,290

i Domestic 27,33,39,40,71,101,146,150,187,191,351,354
Industrial 27,33,39,40,71,101,155,159,187,191,255,318,351,354355
Irrigation 40,71,109,187,292,351
Non-consumptive 287,292
Recreational 168

Water
Allocation of 105,231
Conservation 200,202,255,318,337

Interbasin Transfer of 4,77,179,182,199,357
Interstate Transfer of 182
Pricing of 202,223,241,252
Saline 95,116,118,119,293,353,366
Unaccounted for 151
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wasgaszardous
' 162,163,216Industrial

.. / t . t l . .~ ' 155,155 Z11 Z15Toxic
[~1r_;-.23 1“ " 165,216Treatment of

. 165
>.~ -"1 }‘~ 1 ’

Waste Water
J »-Industrial

120,154,156,159Municipal
120,320Treatment of
119

Water Quality
Biological

314,315Environmental Aspects and
300Monitoring
316,317Remedial Action to Restore and Maintain
317

Zones
Agro Climatic

99dAri
14,163Flood Plains
121,124Humid
177,356Sea Water Intrusion
94Semi Arid
163
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