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Environmental Issues of Large 
Interregional Water Transfer Projects 

GENADY GOLUBEV* 

The problem of large water transfer projects is triune and consists of technology , socio
economy, and the environment. 1 Two principal questions exist on the environmental side of 
the problem: 

(1) How does one evaluate efficiency of a project incorporating environmental issues 
which are sometimes not measureable? 

(2) How does one predict environmental consequences of large water transfer projects? 
In the planning stage, these questions are necessary for (a) assessment of the project's 

efficiency ; (b) comparison of various options of water transfer schemes ; and (c) comparison 
of various other alternatives with transfer schemes. 

At the implementation and operational stage of the project, these questions are needed 
for optimal control of the environment. One of the obstacles in solving them concerns the 
problem of complexity and related problems of uncertainty. The number of components and 
links in a geoecosystem is very high. For instance, a quite simple geoecosystem of pine trees 
in sandy soils has about 2000 links . A simple set of geoecosystems of taiga forests covering 
an area of 2 X 4 km has some 20,000 links.2 Consequently, the larger the territory, the more 
numerous the components and links . In moving up the hierarchical ladder, some links and 
components can be disregarded, just as some new ones will arise. 

Thus, complexity of a natural environment grows with an expansion of the territory 
under study and, in the case of IWT, with the increase of its size. The following question 
arises: How certain can our assessments and forecasts of IWT projects be? 

It seems to be obvious that uncertainty is a direct function of complexity, i.e. (1) the 
number of components and links is high, and our knowledge of all of them is inadequate for 
practical needs; (2) usually, only the most important components and links are regarded. 
However, in the taiga example mentioned above, some 50-80% of the information has been 
lost when out of 160 components, only the most important were taken into account ;2 and (3) 
uncertainty also increases if a question under study concerns an interaction between_ various 
spheres, i.e. atmosphere , hydrosphere, lithosphere, and above all, the biosphere. For example, 
a forecast of climatic changes - due to an IWT project - at a macroscale requires the model
ling of a hydrosphere-atmosphere interaction; the same forecast at a mesoscale level would 
involve the earth's surface also, that is, the lithosphere and biosphere. The former is difficult, 
but possible to calculate numerically; the latter is impossible to calculate for the time being. 

Let us suppose that we can determine the uncertainty of a project in monetary terms. It 
will then be an exponential function of a project's size, shown as a solid line in Fig. 1. Ex
pected errors of its determination are shown by dotted lines. When an irrigation project is 
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developed for a single field, environmental consequences are known with rather high accuracy. 
Environmental impacts from a new irrigation system are also predictable but uncertainty 
would be higher than in the first case and an error of its determination would be greater. 
Environmental consequences of a set of irrigation systems (such as the California State Water 
Project) are more difficult to predict, and uncertainty is relatively high . Hence, uncertainty of 
environmental effects of new, large projects covering subcontinents and continents becomes 
quite high. 
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Fig. 1. Conceptual curves of uncertainty and efficiency 

vs characteristic size of project. 

Let us further assume that we can determine efficiency of net benefits of a project -
including environmental issues - in monetary terms. Axiomatically, the larger the project, 
the higher the benefit. The curve of efficiency is also represented in Fig. 1, and takes the 
intuitive form. Dotted lines show the accuracy of determination of efficiency. 

There are three areas in Fig. 1: (1) efficiency is higher than uncertainty; (2) efficiency 
and uncertainty are the same within their accuracy; and ( 3) efficiency is inferior to un
certainty. For projects in the first area, the problem of uncertainty is not decisive. As for 
projects in the second area, they should be postponed unless other, non-economical objectives 
exist. Projects situated in the third area should be definitely declined, at least for the present. 

There is apparently a certain project size above which the uncertainty of environmental 
consequences is so high that the project is not feasible. Examples of such projects include 
removal of ice in the Arctic Sea, and construction of huge water reservoirs to unify great 
river systems of South America, etc. With the progress of science and technology, the curve 
of uncertainty would shift to the right, and the curve of efficiency to the left; furthermore, 
location of the three areas would change in such a way that the critical size of a project 
would increase. 

The approach discussed above is purely conceptual. It is, however, possible that very 
large water transfer projects are situated either in the second or even in the third area of 
Fig. 1 and, hence, their time for materialization has not yet come. 

In the second half of this paper, environmental issues of a large IWT project in the USSR 
are discussed. There are many projects underway to reallocate water resources throughout 
the country . They can be grouped into three main options, 3 the second of which is the so-
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called Integrated Euroasian Option. 
According to this option, water should be withdrawn from the Ob Bay near the mouth of 

the river, and at the first stage, in an amount equal to 25 km3 /yr. The water in Ob Bay is 
mostly fresh and its volume is comparable with the annual run-off of the Ob River, so that no 
artificial reservoir is required. 

~ 
(? Kara Sea 

'~ 
Ob Bay 

Fig. 2. Division of the /WT project by reaches. 

Water would then be pumped over the Ural Mountains to the Pechora River Basin, flow
ing along the natural channels of the Usa and Pechora. It has been proposed to construct a 
chain of small reservoirs upstream from the Pizhma River (a left tributary of the Pechora), in 
order to move water further west. Water in amounts exceeding the withdrawal from Ob Bay 
would be pumped from the basin and would then use natural river channels of the Vychegda 
River basin. The same operation would be repeated on the western part of the Severnaya 
Dvina River basin; that is, by creation of an "anti-river" along the Suhona River by pumping 
additional water from Severnaya Dvina. 

Finally, the water from the Ob, Pechora, and Severnaya Dvina Rivers would reach the 
Upper Volga, passing through a chain of reservoirs and power plants already created along 
the Volga River. It would compensate energy spent for pumping on other reaches of the 
project. 
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Part of the water in the Lower Volga would go to the Don River, flowing into the Azov 
Sea in order to improve its hydrologic regime. A major part of the water would travel along 
the canal between the Volga and Ural Rivers, partially used for new irrigation developments. 
Then the water would go by canal to the lower reaches of the Syrdaria and Amudaria Rivers 
for irrigation there. Water currently in use for irrigation of these areas would serve new de
velopments in the middle and upper reaches of both rivers . 

Obviously, this is a very complicated project covering enormous territories. My objective 
has been to determine the environmental consequences of such a big enterprise. In order to 
decrease uncertainty, the entire project was divided by reaches (see Fig. 2). 

A method of trees of consequences or networks has been used. In the country, there are 
many studies underway on the various environmental aspects of IWT problems. (No reference 
to them is made here, but the reader may refer to the bibliography in this volume.4 In some 
cases, there were no appropriate data, and I based much of my results on a general knowledge 
of the region and certain assumptions.) As a result, seven networks were constructed. There 
are no networks for two reaches, the Ural Mountains and the Ural and Syrdaria/ Amudaria 
Rivers, as the engineering area has not been sufficiently cleared. Only the most important 
components and links are shown. The lower line of each network represents practical prob
lems arising from environmental issues. All the networks are represented in Figs . 3-9. I will 
not discuss them in detail, but will just mention some of the highlights. 

Change of evaporation 
from the sea surface 

Withdrawal from Ob Bay 

Change of conditions 
for navigation 

Fig. 3. Network for the 1st reach. 
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Change of aquatic 
ecosystems 

Change of fish production 

As previously mentioned, it has been proposed to remove 25 km3 /yr from the Ob Bay 
(Fig. 3). There will certainly be some impacts on many features of the Ob Bay which are very 
important to predict. At the same time, it is of vital importance to study the impacts on the 
Arctic Ocean, and a number of institutes in the USSR are working on the problem. The 
problem is two-fold: (1) the decrease in the amount of fresh water, heat, organic materials and 
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Increase of run-off in "concordant" northern rivers 

Change of hydrological regime Change of terrestrial natural complexes 
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Fig. 4. Network for the 3rd reach. 

Fig. 5. Network for the 4th reach. 
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Fig. 6. Network for the 5th reach. 

other kinds of inflow; and (2) the change of water stratification and consequent ramifications 
thereof. 

As to the first issue, the mean annual run-off of the Ob River is about 400 km3 /yr. As a 
result of the project, 6% of this amount would be taken as the first stage and 15% as the final 
goal. The Kara Sea also receives 620 km3 /yr from the Enisey River. The percentage of with
drawn water in comparison with the run-off of these two great rivers would be corresponding
ly, 2 and 6%. Eight major rivers flowing from Asia to the Arctic Ocean bring 1950 km3 /yr. 
Comparing proposed withdrawals with this figure, we would have only about 1 and 3%, 
respectively. It would seem that all of these values are rather small, and that no considerable 
impacts are expected; the problem does, however, deserve more precise study. 

As to the second issue, there is a stable stratification of water in the Arctic Ocean. Water 
salinity of 34 parts pro mille or less is situated above water of normal oceanic salinity (35 
parts pro mille), and is about SO m thick. The stratification is stable as less saline water is 
less dense. 

Stable stratification allows for formation of an ice cover over the Arctic Ocean and, more 
broadly speaking, the actual type of interchange between the Arctic Ocean and the atmo
sphere with corresponding implications on global climate. A change in the stratification would 
this lead to many consequences, some of which are unpredictable. 

There are two main sources of less saline water: river run-off inflow and net surplus of 
precipitation over evaporation for the whole area of the Arctic Ocean. Both sources are of 
the same order of magnitude. A slight decrease in the first component would result in a lesser 
decrease of the sum of both. 

lhe balance of saline water is dynamic and formed as a result of the previously mentioned 
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components, and the components describing an interchange between the Arctic Ocean and 
Atlantic and Pacific Oceans. A slight change in one of the components would lead to a differ
ent equilibrium of the entire system without drastic changes. However, the question is serious 
and is now undergoing careful study before a final decision is taken. 

Increase of Partial 
karstic 'lnd salinization 
suffusion of soils 
processes 

Change of hydrologic regime of Azov Sea 

Increase of fresh water inflow 

Shift of hydrologic 
barrier at Don mouth 

Fig. 7. Network for the 6th reach. 
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Fig. 8. Network for the 7th reach. 
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Fig. 9. Network for the 9tb reach. 

A considerable increase of river run-off will be along the natural channels of the rivers 
whose direction coincides with that of water transfers. Hydrologic regimes would change 
noticeably with an ensuing chain of consequences (Fig. 4). At the same time, all systems of 
interrelations characteristic of the lower levels of the river valleys would be affected drastic
ally. Almost all rural life there is tied to these levels, hence reliable forecasting of events is 
necessary. 

Creation of "anti-rivers" would lead to the classical environmental problem of water 
reservoirs: loss of land, deterioration of water qualiry, fish problems, erosion of coasts, etc. 
(see Fig. 5). The environmental impact of water reservoirs spreads also to adja~ent territories. 
It is estimated5 that for all water reservoirs of the USSR at the beginning of the 1970s, the 
area of impact is about 20 or 30 thousand km2

, i.e. approximately 30 or 40% of the total 
area of water reservoirs. Parallel with the universal problems of water reservoir, there are also 
regional, or rather, zonal problems. The reservoirs would be in the zone of excess precipitation 
over potential evaporation. This means that (1) losses of water to evaporation would be 
roughly the same as before creation of the reservoirs (which is favourable), and (2) additional 
excess of water would deteriorate terrestrial ecosystems. The main factor here is the rise of 
the groundwater level, which would bring a number of unfavourable consequences, for 
example, formation of new swamps and decrease of forest productivity. 

An increase of run-off along the Volga River would be between 10 and 25% of the 
current annual flow at the mouth of the lowest tributary. In fact, it is now a chain of water 
reserv01rs. It would seem that the effect of additional flow would be primarily favourable 
(Fig. 6). 
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Additional water transferred to the Azov Sea would bring desirable and positive effects 
(Fig. 7). The background necessary to carry out this part of the project has been described 
in this volume.1 

As to the reach from the Volga to the Ural River, an increase of run-off in the latter is 
not the goal of the project and the main problems relate to the left branch of Fig. 8. A key 
problem seems to be percolation of water, either from the main canal which transports water 
south or, because of development of irrigation instead of dry farming. The percolation pro
cess produces a particular chain of consequences, and special attention should be given to 
proper water management there . 

Finally, new water would be brought to the Syrdaria and Amudaria systems for further 
development of irrigation (Fig. 9). Specific problems of closed basins in arid zones would 
arise. Development of irrigation means removal of salts from the soils with returned waters. 
With plans to irrigate about 12 million ha in the year 2000, it will be necessary to remove 
2 billion tons of salt. What would be its destination? Part of the salt would possibly go to the 
Aral Sea, which would turn into a relatively small, very salty lake. Because of the area's topo
graphy, not all returned waters would go to the Aral Sea and new closed lakes would form. 
Two have been formed in the last decade because of new developments in irrigation schemes 
and one is about 1000 km2

. 

The networks (Fig. 3-9) and commentaries are, of course, subjective. The method itself 
has disadvantages which are discussed in a number of papers. At the same time, however, it is 
useful to single out the most important phenomenon and to manage and integrate scientific 
studies of environmental impacts of IWT projects. 
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Bibliography on Interregional Water Transfers 

GENADY GOLUBEV,* GALINA GRIN,** GALINA MELNIKOVA* and GEORGE WHETSTONEt 

A bibliography on Interregional Water Transfers is presented below, Those sources have 
been selected which were related directly to problems and schemes of interregional (or 
large-scale) water transfers. 

The bibliography contains 502 entries and as a rule, short notes have not been included. 
The majority of the publications are in languages of the Latin alphabet; the remainder are 
in the Cyrillic alphabet (Soviet papers), with corresponding translations into English. 

As a considerable amount of publications are included in the list, it has been necessary to 
form sections according to items. Each section is listed alphabetically according to authors. 
The following sections are listed: General, Regional, Economy, Environment, Hydrology, 
Technology, Methodology and Water Management, and Politics and Law. The Regional 
section has been sub-divided into continents, plus the USSR which is situated in two 
continents. Of course, the divisions are quite relative. Many publications can be related to 
two or even more sections. We had intended to mention each source only once, but in about 
twenty instances the source is included in two or more sections. 

The preparation for the bibliography has been carried out by an international group 
through IIASA's coordination. Professor G. Whetstone of the USA has kindly supplied 
IIASA with his voluminous bibliography on water transfers, which was one of the main 
sources of the present list. Selection from Professor Whetstone's bibliography has been made 
by the co-authors from IIASA. Dr. G. Grin, USSR, has prepared the main part of the 
Soviet bibliography. Final selection of sources, their divisional allocation and preparation 
for publication has been done by Professor G. Golubev and Dr. G. Melnikova, IIASA. 
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