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1. South Asia is drained by four major rivers of the world, the Ganges, 
the Brahmaputra, the Indus and the Irrawaddy. Unlike the Indus and the 
Irrawaddy, which flow mainly through Pakistan and Burma, respectively, the 
Ganges and the Brahmaputra flow through several countries. The Ganges and 
Brahmaputra Basins in Bangladesh, India and Nepal (Figure 1) are among the most 
populous areas of the world. It is estimated that some 450 million people, or 
9.6% of all mankind occupy the 100 million acres of croplands in these Basins. 
These people are among the poorest in the world, many of them earning not more 
than $150 in a year. The vast majority relies on agriculture for their 
livelihood. Yet the area is, in a way, the subject of a success story, its 
people having contributed greatly towards the achievement of the green revolu
tion in South Asia. 

2. This success story in agriculture is due mainly to major improvements 
in agricultural practices, including increased use of both surface and ground 
water and better water management, improved varieties of food grains and a 
greater application of commercial fertilizers. Yet, considering the general 
poverty level of the area, coupled with a high rate of population increase, 
reaching about 3% per annum in some parts of the area, more efforts in improving 
agricultural practices are urgently needed, most important of which include 
additional water resources, better water management methods and improved 
agricultural services. Water supply for irrigation is perhaps the most serious 
constraint on agricultural development in the Brahmaputra and Ganges Basins. 

3. One of the major problems with irrigation water supply of the area is 
the monsoon climate, with almost 80 percent of the rainfall in the four months 
of June, July, August and September. As a consequence of the monsoon climate, 
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the area suffers from severe water shortage in the dry season which lasts for 
about 5 months. The monsoon starts from the Bay of Bengal and moves towards the 
Himalayas. Rainfall is heaviest in the mountains, particularly the Himalayas. 
The average annual rainfall in the Ganges Basin varies from 14 inches (35 ern) on 
the western end of the Basin to about 80 inches (200 em) near the delta. The 
rainfall in the Brahmaputra Basin is more uniform being about 100 inches (250 
em) 1n the north to 80 inches (200 em) in the delta. 

4. In the Indian part of the Ganges Basin, it is estimated that about 44 
million acres of cropland, or about 63% of the total acreage, is presently under 
irrigation. Of this, about 17 million acres are supplied by canal diversions, 
21.9 million acres are supplied from upper aquifer sources of ground water (by 
wells), and about 5.1 million acres are supplied from tanks or small 
impoundments. In Bangladesh, some 6 million acres of cropland, which is about 
27% of the total acreage, is under irrigation in both the Ganges and Brahmaputra 
Basins. About half of the total irrigated acreage is supplied by canal diver
sions and low-lift pumps (surface water) and half is suplied by ground water. 
In Nepal, of the 4.5 million acres of cropland in the country, about half a 
million acres (11%) is under irrigation. Historically, surface water has been 
the major source. For the future, however, the role of ground water is likely 
to be increased substantially. The following section of the paper describes 
some.features of the Ganges and Brahmaputra River Systems and issues they raise 
1n supplying a reliable irrigation water supply on a year round basis. 

5. The Ganges River System flows through three countries: Nepal, India and 
Bangladesh, and has a very variable flow pattern. The drainage area of the 
Ganges River in India is 332,585 square miles; in Bangladesh, it is 26,015 
square miles, about half the total area of the country; and almost the entire 
area of Nepal lies within its drainage system. The maximum peak discharge 
recorded at Hardinge Bridge in Bangladesh is about 2.5 million cusecs, whereas 
the minimum, which occurred in 1976, is only 23,200 cusecs (less than 1% of peak 
discharge). The historical average low flow is about 65,000 cusecs at Hardinge 
Bridge. This extremely variable flow pattern of the Ganges River results in a 
major challenge in surface water resource planning. 

6. The Brahmaputra River System flows through China, India, Bhutan and 
Bangladesh. The drainage area of the Brahmaputra River is 234,000 square miles, 
of which 72,000 square miles is in India, 28,000 square miles is in Bangladesh 
and almost the entire area of Bhutan lies within its drainage system. The 
maximum peak discharge at Bahadurabad, in Northeast Bangladesh just above the 
Old Brahmaputra distributary, is 2.7 million cusecs. Flow peaks occur in June 
and in August or early September. The minimum low flow at Bahadurabad is about 
110,000 cusecs (about 4% of peak discharge), and the flow commonly remains as 
low as 120,000 to 130,000 cusecs for prolonged periods. The high flow of the 
Brahmaputra starts in May whereas the high flow of the Ganges starts in July. 
Again, the flow pattern of the Brahmaputra River is quite variable and this 
presents a major issue in surface water resource planning. 
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7. It is estimated that 2.2 billion metric tons of sediments are tran-
sported each year by the Ganges-Brahmaputra Rivers into the Bay of Bengal. This 
represents the world's largest sediment discharge into the ocean by an 
individual river system. The sediment and nutrients supplied by the Ganges and 
Brahmaputra Rivers support a most productive marine ecosystem off the 
Ganges-Brahmaputra delta and also control the growth pattern of the delta. 
Moreover, a large increase in sediment influx of these rivers due to recent 
deforestation and large scale soil erosion in the Himalayas result in con
siderable uncertainty in the prediction of reservoir life of river impoundments. 

8. Wate~ requirements of Bangladesh from the Ganges River in the dry season 
(November to May), by the year 2,000, have been estimated to be 42 MAF (million 
acre feet). Requirements of India in the dry season by the year 2,000 have been 
estimated to be 150 MAF, and for Nepal the requirement in the dry season is 
estimated at 30 MAF. The total annual flow of the Ganges (plus existing diver
sions upstream) is about 372 MAF, but of this, less than about 15%, or about 56 
MAF is available during the dry season. Therefore, the streamflow available for 
irrigation during the period November to May in the Ganges Basin is only about 
25% of the 222 MAF total required in the three countries. Impoundments on the 
Ganges and its tributaries in Nepal could possibly meet the projected deficiency 
of about 166 MAF during the dry season. However, there are numerous problems 
associated with such a possible solution. First, there are national sen
sitivities over sharing of water of the common rivers. Second, such a solution 
would require a monumental amount of investment throughout several decades, 
perhaps even a century, for the entire Ganges Basin. 

9. It would seem appropriate, therefore, for the countries in the region 
to seek optimum development of all water resources which can supplement and 
greatly expand the scope of irrigation both in the Ganges and Brahmaputra 
Basins. In this connection, it should be noted that, of the 11 million cubic 
kilometers of available fresh water on earth, less than half a million cubic 
kilometer occurs in lakes, rivers, and streams, and more than 10.5 million cubic 
kilometers -- almost 95 percent -- is ground water. Thus, ground water is by 
far the world's largest available fresh water res~rve. Sedimentary Basins of 
South Asia have a very large potential for ground water development. The mon
soon rainfall and accompanying floods in the area provide an excellent source of 
recharge for the ground water reservoirs. Although all the countries in the . 
Basins have made some investment in ground water development, knowledge and 
understanding of the resource is still inadequate, as it does not provide suffi
cient information regarding the maximum depth of occurrence and thickness of 
fresh water aquifers, and their head and yield potentials. 

10. According to recent independent studies undertaken in northern India, 
Nepal and Bangladesh, deep artesian aquifers underlie tens of millions of acres 
in the Ganges and Brahmaputra Basins at depths as great as 6,000 feet (Figure 
2), compared to the current maximum exploitation depth of about 500 feet. 
Flowing artesian wells only a few hundred feet deep are common in the Nepal 
Terai. Should deep artesian aquifers prove to be economically feasible for 
exploitation, the irrigation potential of the Ganges and Brahmaputra Basins 
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would be enormously increased. This new ground water resource inventory would 
also help in the preparation of a long-term development plan of the Basins 
involving conjunctive use of both surface water and ground water. 

11. In Bangladesh, deep artesian aquifers have been traced regionally for 
hundreds of miles, to the areas east of the plains where they rise to the land 
surface in the Tripura and Chittagong Hills. In the Ganges Basin, the main 
recharge areas are in the Bhabar zone and Inner Terai belt. Rainfall and 
seepage from streams enters the exposed sand-bed aquifers, miles or tens of 
miles outside the Basins, and moves horizontally by gravity flow into the 
Basins--beneath, and hydraulically separate from, the regional unconfined 
aquifers that ar~ the source of all ground water now developed ~y wells in the 
Basins. Withdrawals of water from deep artesian aquifers would thus add a new 
increment to the total water resource available for development in the Basins. 
Produced by free-flowing wells for irrigation use, the water from deep artesian 
aquifers -would supplement supplies in the ·unconfined near surface aquifer by 
downward seepage from croplands irrigated by wells in the deep artesian 
aquifers. Ultimately, this added water would contribute to the flow of streams. 

12. Augmentation of the dry season flow of the Ganges at Farakka has tradi-
tionally involved the concept of upstream impoundments on the Ganges and its 
tributaries. This has of necessity brought Nepal into the picture, as sites 
most suitable for the impoundments required are found in the Himalayas of Nepal. 
However, there is perhaps another alternative. Instead of replacing antiquated 
canal diversion systems, which must be essentially rebuilt at very high cost 
after more than 100 years of service, it mtght be suggested that the command 
areas be explored by deep drilling and testing for fresh ground water in deep 
artesian aquifers. If these are found promising, new ground water supplies 
might replace at least part of the surface water supplies of these command areas 
at a cost considerably less than the canal replacement cost. The advantage 
would then be twofold: (1) the cost of wells to meet the irrigation require
ments of the antiquated canal command area would be less than the cost of 
replacing the canal, and (2) streamflow diversions (e.g. the Upper Ganga Canal 
diverts about 10,000 cusecs) avoided by not replacing the antiquated canal would 
become available for downstream use or to augment the flow of the river. 

13. In addition to providing water for irrigation, fresh water from the deep 
artesian aquifer could add a new dimension to drinking water supplies for den
sely populated towns and cities in South Asia. With rapid increase of popula
tion and industrialization, both organic and chemical pollution is becoming a 
major problem for drinking water supply of the area. Agricultural pollution from 
fertilizers and insecticides is also contributing to the problem. Pollution is 
affecting the quality of surface water as well as shallow ground water. 
Drinking water supplies from deep artesian aquifers are far less likely to be 
contaminated by organic matter, chemicals, and fertilizers as the water of deep 
aquifers have filtered through a thick sediment column. Many cities and towns 
in the high density population belt of South Asia, perhaps can be best served by 
the water from the deep artesian aquifers. One example will be the city of 
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Dhaka which is underlain by deep aquifers which provide the best option for 
drinking water supply of the city. 

14. Turning now to the subject of a regional cooperation in water resources 
development, advantages of developing multi-national water resources systems 
have been recognized by national leaders of the region. However, implementation 
has been constrained mainly by the domestic political environment of the 
individual countries. Also, some of those who were responsible for investiga
tions and assessment of water resources often felt that -development activities 
should go forward without the delays associated with delicate and protracted 
international negotiations. 

15. Although regional cooperation in water resources development is essen-
tial for any realistic and equitable development, in no way does this suggest 
that cooperation is a simple matter. On the contrary, water sharing is probably 
among the most controversial, difficult and emotional issues faced by nations. 
This is well illustrated by the case of India, where water resource management 
has been traditionally a state subject, meaning that it falls within the juris
diction of each of India's 22 individual states. By the constitutional 
arrangement, the central government has faced the enormous task of helping to 
resolve numerous water disputes among the states within India. Thus, one can 
imagine the complexity of negotiating water sharing among independent nations. 

16. Against the above background, there has been in recent years a slow but 
steady progress towards regional cooperation. Perhaps one of the most visible 
signs of recent progress is the success of the summit meeting of the South Asian 
Association for Regional Cooperation (SAARC), which took place in Dhaka, 
Bangladesh in December 1985. So far, the subject of water resources has been 
kept out of the SAARC mandate; it is to be dealt with on a bilateral basis. In 
this connection, there was a meeting in late 1985 between the heads of state of 
Bangladesh and India which resulted in an important agreement between the two 
populous countries. It provided for the renewal of the previous "memorandum of 
understanding'' regarding the sharing of the water of the Ganges and embraced an 
agreement to review, jointly, possible ways and means of supplementing the dry 
weather flow of the Ganges. While SAARC itself has not yet dealt directly with 
water issues, it has been making progress, in a quiet fashion, in other fields-
such as exchanges of experts and technological information among the countries 
in the region. It is significant to note that all the leaders of countries in 
the region have pledged increased cooperation among the nations. Most recently, 
this has been reflected in a decision for the creation of a permanent SAARC 
secretariat which is expected to be formally adopted at the next summit meeting 
scheduled to take place in Bangalore, India in November 1986. 

17. River water resources are, of course, also a key factor in developing 
energy. It is said that Nepalese rivers could generate up to 83,000 MW of 
hydropower. To develop even a tiny portion of the potential is beyond the 
capacity of Nepal, which has approximately 16 million people with a GNP per 
capita of only US $160. Indeed, the capacity installed and under construction 
today is less than 250 MW. Nepal cannot take advantage of its huge water 
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resources potential for hydropower development in the absence of agreements with 
India. India, on the other hand, cannot take advantage of Nepalese hydropower 
sources, which could be among the least expensive energy sources for northern 
India, without such agreements with Nepal. Thus, in order for both countries to 
take advantage of potential benefits from these resources, carefully 
orchestrated, constructive and probably protracted negotiations would be 
required. 

18. The first test case of such a series of negotiations will perhaps be 
the Karnali hydropower project. This leads to the next subject, which is the 
Bank's past experience, and its possible future role • . The Karnali hydropower 
project (sometimes called Chisapani high dam hydropower), with an installed 
capacity of at least 3,600 MW, was first studied during 1962 and 1966 by Nippon 
Koei of Japan with UNDP financing. Nippon Koei identified 10 sites with poten
tials ranging between 18 and 1,800 MW. Out of these, two appeared especially 
promising for which the consultants completed more advanced prefeasibility 
studies. One was at the Chisapani gorge (with a high dam and a run-of-river 
alternative of 1,800 MW and 75 MW, respectively) while the other was Lakarpata, 
a run-of-river site (3,600 MW) upstream from Chisapani. The consultants recom
mended consideration of the Chisapani high dam alternative as the first option 
for future development due to its relatively low unit cost and its advantageous 
location in regard to the main load centers in northern India.. The project is 
located about 45 km north of the Indian Border. The studies and recommendations 
of Nippon Koei were reviewed by the Snowy Mountains Hydroelectric Authority 
(SMHA) of Australia in 1968, who were employed by His Majesty's Government of 
Nepal (HMG) with funding from UNDP. They agreed with the general conclusions of 
Nippon Koei but recommended an increase in the installed capacity of Chisapani 
to 3,600 MW and a gravel fill dam instead of a concrete arch gravity dam 
proposed by Nippon Koei. In 1976 HMG hired two firms, Norconsult from Norway 
and Electrowatt from Switzerland to review both recommendations and resolve the 
differences. Both firms concurred with the SMHA recommendation and proposed 
further studies for final designs of the Karnali (Chisapani) project, the main 
features of which were construction of a gravel fill dam of about 35 million 
cubic meters, two power houses of 6 x 300 MW units each, totalling 3,600 MW, and 
the necessary substations and transmission l_ines. The construction period was 
to be 12 years with an estimated cost of about US $3.0 billion in 1983 prices. 

19. In view of the results of the studies, HMG and the Government of India 
(GOI) established a Committee on Karnali (CK) to promote bilateral discussions 
on Chisapani. The Committee met in 1978, 1979, 1981, and February 1984. At the 
first meeting, the Committee agreed to review the consultant's reports and the 
economic and financial aspects of the proposed project. In addition, it agreed 
to form separate groups in each country to study the use of power from the 
project as well as flood and irrigation consequences downstream of Chisapani for 
both Nepal and India. At a meeting in January 1981 in Kathmandu, CK agreed in 
principle to pursue the studies for Chisapani under joint supervision, mutually 
agreed terms of reference, and jointly selected consultants. Subsequently, the 
World Bank was invited to propose draft terms of reference (TOR) for the studies 
of Chisapani. The draft TOR was completed in September 1981 and was reviewed by 
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both Governments. After rece1v1ng comments from both sides, a World Bank mis
sion visited Kathmandu in June 1982 to assist in the preparation of a revised 
draft. This draft was the basis for the appraisal of a technical assistance 
project financed by the World Bank to assess the economic justification and 
technical viability of the Karnali Hydropower project. At the meeting of 
February 1984, CK approved TOR for the Chisapani studies, and the powers, func
tions and responsibility of the Coordinating Committee (CC). 

20. The World Bank has, from the beginning, recognized Karnali as poten-
tially one of the most economically viable hydropower projects for the market of 
northern India. Yet, the World Bank has been able to take an active role in 
discussing the project only within the last 5 years when the two Governments 
agreed to request World Bank assistance. Although the World Bank had felt 
confident that it could play a meaningful role, it had consistently stayed clear 
of the project until a formal invitation was extended by both countries for the 
Bank to participate. To do otherwise would have been counter productive. In 
other words, the World Bank is prepared to assist the countries of the region, 
as long as all the parties concerned feel the World Bank should be involved. It 
is indeed a pleasure to mention that consultants for the study and started work 
in June 1986. As for the future, the World Bank is prepared to cooperate with 
both Governments 1n the development of another key hydropower project, namely 
Pancheswar, with an estimated installed capacity of 2,000 MW. 

21. It might be useful to review the foregoing against the following 
background. India's electricity is supplied through five regional systems, one 
of which is the northern system serving the area adjacent to Nepal •. India is 
planning to interconnect the regional systems through a 400kv transmission grid. 
The northern system is the biggest in terms of installed capacity, being about 
10,000 MW (of which 43% is hydro). There are plans to substantially increase 
this capacity by 1995, by adding about 22,000 MW of which 63% would be 
hydropower. 

22. In conclusion, it is hoped that this paper has made more apparent the 
existence of tremendous water resources, both surface water and ground water 
within the Ganges and Brahmaputra Basins. The paper has also demonstrated the 
des{rability of assessing total water resources before making decisions for 
individual investments. Finally, this paper has highlighted the importance of 
enhancing cooperation among all the riparian countries in order to attain all 
possible benefits from surface water resources, particularly those of major 
rivers such as Ganges and Brahmaputra. Enhancement of such cooperation is 
already becoming a reality today as the political leaders have shown their 
willingness to take important steps forward. They do, however, need active 
support, both from within their own count~ies as well as from the international 
community. 
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