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SYNOPSIS

The author deals with a wide variety of aspects of water economy
and the development of water resources, relating them to the sanitary
engineering problems they give rise to. Among those aspects are
the balance between available resources and water needs for various
purposes; accumulation and storage of surface and ground water,
and methods of replenishing ground water supplies; pollution and
purification; and organizational measures to deal with the urgent
problems raised by the heavy demands on the world's water supply
as a result of both increased population and the increased need
for agricultural and industrial development.

The author considers that at the national level over-all plans
for developing the water economy of countries might well be drawn
up by national water boards and that the economy of inter-State
river basins should receive international study. In such work the
United Nations and its specialized agencies might be of assistance.

The Fourth European Seminar for Sanitary Engineers, held at Opatija,
Yugoslavia, in 1954, dealt with surface water pollution, as seen from the
angle of public health. It was pointed out that, especially in heavily indus-
trialized countries, there is a great task to be fulfilled by sanitary engineers
in the purification of waste waters of different kinds, in the sanitation of
streams and in the adaptation of more or less polluted surface water to the
needs of different kinds of consumers.

In the present report special attention will be given to the fact that
sanitary engineering problems are only facets of the problem of the deve-
lopment of water resources and of the intricate totality of water economy
in a river basin. Hence, sanitary engineers should have a knowledge of the
many interests involved, as a basis for close collaboration with other
experts.
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Partners in Water Economy

Generally, in the upper, mountainous part of river basins, the population
is relatively sparse, agriculture is limited, industries are rare, and navigation
is impracticable, but fishery and recreation may be important if fostered
by the natural purity of the water. In such a region natural lakes and
impounding reservoirs are important factors in stream regulation, serving
at the same time the interests of power generation and of water supply.
Afferestation of slopes is important for avoiding erosion and the silting
up of reservoirs and for promoting a constant run-off.

In the middle and downstream sections of a river basin navigation may
be a predominant factor, as may agriculture, industry and the extension
of built-up areas.

In these sections mighty ground water resources are often available, so
that water supply may be based on the use of both surface and ground water.
Under such circumstances many controversies have to be settled.

On the one hand, rivers are natural recipients for domestic sewage and
industrial wastes, and motor shipping increases pollution by crude oil.
On the other hand, domestic, agricultural and industrial needs, as well as
swimming and other sports and fisheries, demand a pure water supply.

An increased density of the population leads to pollution of ground
water and the occupation of land, which might otherwise be used for ground
water catchment.

In estuaries, the building of harbours and docks promotes the encroach-
ment of salt and brackish water into the river and the subsoil.

The River Rhine

The River Rhine offers a striking example of such conflicting interests.
It is the main shipping road over a length of 850 km for one of the most
densely populated and industrialized areas in Western Europe. It has to
yield ever-increasing quantities of water for various purposes. A favourable
condition is its rather constant flow, derived from its origin in Alpine
glaciers and snow, the presence of a big and deep natural lake, the Bodensee
(Lake Constance) in its upper part, and the inflow of rather important
tributaries. The ratio between maximum and minimum flow at the entrance
of the estuary is about 19:1 (for the Meuse, 87:1; for the Thames, 130:1).

Even in the mountainous part, in Switzerland, the increase of the
population and of industry, together with the increasing application of
artificial manure, are resulting in a pollution of the Rhine and the Bodensee
which is no longer negligible.

In the middle part of the river, pollution by both organic and inorganic
matter is increasing at an alarming rate. Organic substances are produced
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by the German industries of the Main and Ruhr regions. Phenols of all
kinds and other aromatic compounds cause a series of noxious odours and
tastes, especially in periods of low flow (summer), and in cold periods
when there is little natural biological purification (winter).

Bad tastes are greatly aggravated by the addition of small quantities of
free chlorine as part of the purification process in water plants. This has
been one of the factors which have led to unsatisfactory results from the
biological filters of Rotterdam's water supply, and to the construction of a
new coagulation plant, based on super-chlorination.

During the last years many German waterworks along the Rhine have
been suffering from the above-mentioned organic pollution, to which is
added the oil waste of the heavy shipping traffic. Swimming pools by the
Rhine have had to be closed, and fishing has been adversely affected. The
once famous Rhine salmon has practically disappeared. None of the
German waterworks uses river water directly, but they have installed series
of wells in the coarse alluvial gravel and sand layers at a short distance
from the river. These wells originally yielded pure ground water, originating
from the adjacent land along the river valley. Gradually, however, the
lowering of the ground water table has led to an increasing inflow of river
water, which is sufficiently purified from a bacteriological viewpoint by the
alluvial filtering medium. This medium is not able, however, to absorb
odours and tastes from organic pollution. Intensified research has now been
initiated by a group of big water undertakings, based on the application
of activated carbon and ozone.

The content of the Rhine water in chlorides is shown in Fig. 1. The
increase is principally caused by two factors:

(1) The French potassium mines in Alsace (3% of the total load in
chlorides at the Dutch frontier near Lobith), which produce a constant
stream of NaCl as a waste product dissolved in water.

(2) The German coal mines in the Lippe region (contributing 43.4% of
the total load), which have to pump salt water from Permian salt layers
covering the carboniferous rock.

The load of 204 kg per second of chlorides means a content of about
275 p.p.m. (parts per million) of chlorides on days of minimum flow. It is
clear that this increasing content menaces in particular the waterworks
in the delta, where brackish water from the sea is creeping upward owing
to the deepening of the river mouth and the harbours.

In 1950 an international commission was set up by the five riparian
countries, Switzerland, France, Luxembourg, Germany and the Netherlands,
under the chairmanship of Professor 0. Jaag of Zurich. This commission
made a survey of the water quality at different points along the river, based
upon standardized methods of water examination. Its first report, published
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FIG. 1. CHLORIDES CONTENT OF THE RHINE
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Based on a report by the Bundesminister fOr Wirtschaft, Bonn, 15 September 1955.

in 1956,1 is a fine example of inter-State co-operation in Europe and offers
a sound basis for studying methods for improvement. Needless to say, the
planning and carrying out of such methods will meet with many difficulties.

1 Internationale Kommission zum Schutze des Rheins gegen Verunreinigung (1956) Bericht der Experten-
Kommission fiber die physikalisch-chemische Untersuchung des Rheinwassers, Basel



W. F. J. M. KRUL 711

Basic Points of Water Economy

Just as in private economy, the basic principles in water economy are
the prevention of misuse and waste, making savings in periods of abundance
and using the savings in times of need. In addition, the cost of prevention
of pollution must be weighed against the cost of water treatment.

Hence, the following key points of water economy will be treated in this
report:

(a) the balance between available water resources and water needs
for various purposes

(b) accumulation;
(c) pollution and purification; and
(d) organizational measures.

The Water Balance

It is a simple fact that precipitation on the land area all over the earth
would allow a total average consumption of fresh water of more than
120-150 m3 per inhabitant per day. However, rainfall is very unequally
distributed in time and space and the availability of sufficient fresh water
at reasonable distances has always been a predominant factor in the
development of human society.

Only recently, endeavours have been made to change the distribution
of rainfall and to demineralize sea-water and brackish water in large
quantities.

Undoubtedly, desalting by various methods (distillation, ion-exchange,
electrodialysis, freezing) looks rather promising for the near future, and
the application of special kinds of energy (solar energy, tide motion, heat
exchange in oceans, atomic energy) may accelerate this development and
lead to spectacular changes in water economy.

However, for many years to come in most regions of the world, and
especially in heavily industrialized areas, water economy will still have to
be based on the available fresh water. A thorough study of the hydrological
cycle in special areas will therefore be necessary. Fig. 2, based on a study
by Clodius,' gives an example of such a cycle for Western Germany. Fig. 3
and 4 give a rough computation for the Netherlands for the present and for
the future. These graphs show the importance of ground water for domestic
and industrial use under present circumstances.

The intensified use of ground water, however, leads to permanent and
increased lowering of the ground water table, which in most cases causes
insurmountable difficulties, by increasing pumping costs, by the encroach-

1 Clodius, S. (1955) Gas- u. Wasserfach, p. 313
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FIG. 2. HYDROLOGICAL CYCLE FOR WESTERN GERMANY

Based on Fig. 1 of Clodius, S. (1955) Gas- u. Wasserfach, p. 313

ment of brackish water, or by damage to agriculture. This is the reason why
almost everywhere surface water has a tendency to become a more and more
important source of supply.

This tendency is evident when comparing Fig. 4 with Fig. 3. The future
increase in consumption for different purposes must be almost wholly
covered by surface water. A considerable quantity of surface water, however,
will be used for artificial ground water replenishment.

Needless to say, in a water economy project the possibility of reducing
water consumption has to be studied. Metering of domestic consumption
has proved to be efficient in many cases, but sometimes the reduction in
consumption has been only temporary, and in some cases the cost of
introducing a totally metered system may be prohibitive.

Industrial consumption may be decreased by changes in manufacturing
methods and by the re-use of water in the fabrication process. An interesting
example is offered by certain steel works in Germany, where the water
consumption per ton of steel production has been reduced from 20 to
3 tons of water.

I
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The Division for Water, Sewage and Industrial Wastes of the Interna-
tional Union for Pure and Applied Chemistry (IUPAC) is preparing a
series of reports on the possibility of re-use of water in some special indus-
tries. These reports will be presented at an IUPAC congress in Paris
in 1957.

Accumulation

Unlike ground water, river water is subject to more or less important
variations, dependent on seasonal and meteorological factors. Differences
in yield are greatest in the upper parts of rivers, but in many cases they also
have an influence on the water quality in the lower parts, as the constant
load of pollution may be insufficiently diluted in periods of low flow.

Therefore, in most cases, accumulation is necessary in order to store
water in periods of high flow and to supply water in dry periods. Such
storage not only has a quantitative effect, but also improves the water
quality as a result of sedimentation, devitalization, and equalization. This
combination of phenomena, proved by thorough investigations, was first
mentioned in the famous annual reports of the London Metropolitan Water
Board by Sir Alexander Houston, and has since been recognized all over
the world.

Storage can be effected in natural lakes and impounding reservoirs in
the upper or middle parts of a river basin and by artificial reservoirs in the
plains. Natural lakes have many advantages, especially deep tectonic
lakes, the deeper strata of which mostly contain water of great purity and
constant temperature. Many examples are to be found in Switzerland,
Scotland, the USA and Canada. A big project for supplying a large part
of southern Germany from the Bodensee is in preparation.

The use of impounding reservoirs in mountainous regions is one of the
most frequent solutions of the problem of water supply for cities all over
the world, often combined with power generation. These reservoirs mostly
offer water of fine quality, but have the disadvantage of requiring very high
capital investment for the construction of dams and long aqueducts.
Moreover, such schemes are rigid; the reservoirs are generally built with
regard to a future rate of consumption, so that in the initial period after
construction the financial burden is heavy for the relatively small quantities
of water needed at first.

The construction of storage reservoirs in the lower part of a river basin
forms a solution that differs in many respects from the building of dams in
the upper regions: in many cases storage reservoirs offer the possibility of
gradual extension to keep pace with the growing water demand, and they
are mostly situated at a short distance from the centres of consumption.
However, these reservoirs are generally restricted in depth, which may lead
to difficulties by algal growth, and they take up a good deal of land, which
may be rather scarce and expensive in densely populated areas.
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Developments in supplying water for large cities show interesting points
of comparison.

In the remote past, water was taken from natural springs, often situated
at a considerable distance from the point of consumption, like the ancient
waterworks of Rome. In Italy and Austria this system is still followed for
Rome, Vienna and many other cities. Later on, rivers at short distances
from the distribution centres were used as water sources, as at Paris,
London, Hamburg, Rotterdam, Antwerp, Warsaw, Leningrad and many
cities in the USA. In the nineteenth century, big ground waterworks were
installed, e.g., those of Berlin, Brussels and Amsterdam. Also in this
period impounding reservoirs were constructed in great numbers, in Great
Britain for many industrial centres (Liverpool, Manchester, Bristol), in
Spain, in Greece, in the USA for New York, and elsewhere.

Nowadays the increasing pollution of surface waters compels us to
abandon the direct use of river water. London has adopted the system of
storage reservoirs and envisages a future additional supply from impounding
reservoirs in Wales. Bremen in Germany, like Los Angeles in the USA,
has stopped the direct use of river water and constructed aqueducts hun-
dreds of miles long to take water from impounding reservoirs.

On the other hand, New York examined the possibility of taking water
directly from the Hudson river. Paris has a project to abandon the Seine
and the Marne and to take water from the valley of the Loire. This latter
project means a return to ground water, but following a modern concept:
the increasing by artificial means of the amount of water that enters a
ground water reservoir.

As a matter of fact, ground water recharge through stream beds is a part
of the hydrological cycle. This method of water conservation is now
practised in many countries and already much experience on this subject has
been acquired. Therefore, in the next section special attention will be given
to artificial replenishment methods.

(O. V. E. Jansa presented a general report on replenishment of ground
water to the Second Congress of the International Water Supply Associa-
tion, held in Paris in 1952.1 A very complete survey on European practice
was given by S. Buchan in 1955.2)

Methods of Artificial Ground Water Replenishment

Artificial recharge can be classified as follows:
(1) indirect replenishment, in which increased ground water pumping

is accomplished by locating production wells as closely as practicable to
areas of natural recharge;

I Jansa, 0. V. E. (1952) Artificial replenishment of underground water. In: Proceedings of the Second
Congress of the International Water Supply Association, Paris, p. 149

2 Buchan, S. (1955) J. Instn Wat. Engrs, 9, 111



W. F. J. M. KRUL

(2) direct replenishment methods, in which water from surface sources
is conveyed to points from which it percolates into a body of ground water.

Indirect method

The practice of the first method, i.e., the indirect method, is to locate
production wells along a river bank and at some distance from it. The
natural ground water resources are thus replenished by infiltration through
the banks and the bottom of the river. In some places, as a result of growing
pollution of the rivers by industrial wastes the river bed has become clogged
after a short time to such a degree that the natural infiltration has been
checked, and dredging of the river bottom and construction of side canals
has proved unsuccessful. Only in places of relatively clean water and in
rivers where the high flood-waters can wash the silt from the river-bed has
indirect replenishment proved successful.

This method has found wide application in Germany, especially along
the Rhine, where big industrial concerns and cities, like Dusseldorf, have
sunk wells or driven drainage galleries at a short distance from the river.

Direct methods

The direct methods can be divided into two groups:
(a) recharge by surface application, and
(b) recharge through wells and shafts.

Several varieties of surface application, by means of ditches, canals or
basins, are effective where the ground water level is below the spreading
area without an impervious cover layer and where the formations at the
surface are permeable.

Advantages of the ditch method and its variations are the low cost of
maintenance and operation when once correctly installed. When the
ditches are constructed so that the main channels may be flushed, this
method will handle a greater silt content than any other type. A disadvan-
tage is the low percentage (10%-12%) of the spreading grounds which are
in direct contact with the water.

The basin method is the most widely used in Europe.
In Sweden many small rivers flow in the vicinity of glacial formations

(asar or eskers) of coarse sand, offering very good conditions for infiltra-
tion. Other examples are big waterworks along the Ruhr in Germany and
some dune waterworks in the Netherlands (at The Hague and Leyden).

The bottom of the infiltration basins generally consists of a slow sand
filter-bed 1 m thick, resting directly on the flattened natural sand or gravel.
In other places-as in dune formations-the upper natural sand layer is
fine enough and there is no need for an additional filter layer. It is impor-
tant that the infiltration basin be excavated to a depth where the natural

717
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sand or gravel is clean and free from clogging matter which might be carried
down into the ground by the penetrating fluvial water. The ground below
the infiltration basin must also be thoroughly examined to ensure that no
impermeable or other disturbing layers lie in the path of the water to be
infiltrated.

Generally, basins are constructed in groups and operated intermittently,
thus allowing each basin to be dried and cleaned after a certain period of
operation in order to avoid surface sealing. In this way the purifying action
of the ground and the percolation rates are increased.

The collecting wells or drains are located at a sufficient distance to
guarantee that the recovered water is of satisfactory quality, mainly from
the bacteriological point of view. On the other hand, the shorter the dis-
tance, the greater the gradient and the ground water flow. The safe
distance must naturally depend on the quality of the raw water and the
characteristics of the soil, since to a large extent they determine the time
of passage of water from the basin to the wells. A passage time of one to
two months and a distance of about 100-200 m seem to be sufficient as
an average.

This method is used predominantly in areas where economic use of
land is important, since the percentage of the total spreading grounds in
direct contact with the water is high-about 75%-80%.

Another method for introducing surface water into the ground is by
means of wells and shafts. This method has generally failed owing to the
clogging of the- ground around the wells. It has succeeded only in a limited
number of places where very clean water was recharged, treated practically
to the standard of drinking water, and where the ground pores were large
enough to avoid clogging. As a general rule, this method is indicated
only in those areas where the land surface and the water-bearing formation
are separated by clay or cemented materials, which prevent the free perco-
lation of water from surface spreading-works.

Perhaps one of the best known places where artificial replenishment is
carried out successfully by means of wells, although not directly for drinking-
water supply purposes, is on Long Island, N.Y. There, with the current
rate of increase in population and in water demand for both domestic and
industrial use, the ground water level had dropped below sea level and caused
salt water to enter the aquifer. To prevent further over-development
without restricting the use of water, the consumers of water for cooling
and other purposes which would not contaminate the ground water were
required to return the water to the ground after use, instead of discharging
it into the ocean and thus wasting it. Hundreds of wells have been installed
there and are operated successfully, causing ground water levels to rise
gradually.

As has been said before, this method has succeeded only in isolated
cases. It has the limitations of relatively high cost, the possibility of pollu-
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tion of the aquifer through the direct addition of contaminated water, and
a tendency toward rapid sealing of the well, particularly if the water contains
even small amounts of silt, organic matter, or other impurities.

Sometimes pits of 30-36 inches (about 75 cm-I m), filled with gravel,
or shafts, are used in the same way as diffusion wells.

In some places, where the wells are clogged after a certain time of opera-
tion, they can be cleaned by various methods (dry ice, chemical reagents)
and the initial rate of infiltration can be restored.

Another area where recharge wells are operating successfully is along
California's south coastal plain. Here recharge wells were sunk to stem sea
water intrusion. By over-pumping the aquifer, water levels dropped to
about 15 m below sea level and the chloride line was moving rapidly land-
ward at a rate of more than 150 m a year. A line of recharge wells was
sunk along the coast, about 600 m from the sea, and by recharging clean
water (with about 15 p.p.m. chlorine to kill bacteria) a fresh water ridge
or salt water barrier was maintained. The landward gradient of under-
ground water was reversed. It has been found that only a small portion
of the recharged water runs to waste to the sea. Most of the water is reco-
vered either directly by pumping wells or indirectly by augmenting the
underground storage in the aquifer for use in dry years.

Artificial Recharge as a Method of Accumulation

It is clear that artificial recharge of ground water has a cumulative
effect in the hydrological cycle and offers in this connexion the following
advantages in comparison with open reservoirs:

(a) Better purification. Underground storage combines the advantages
of surface water and ground water, namely unrestricted quantity and
optimal quality.

(b) No trouble with pollution by human or animal contacts or by
algal growth.

(c) No loss by evaporation, which is especially important in arid and
semi-arid regions.

(d) In many cases a smaller capital investment.
As an interesting example the replenishment of the dune areas in Holland

through artificial replenishment with Rhine water may be quoted. The
dune water supplies in the western part of Holland have been over-pumped
in the last decades, resulting in salt water intrusion and lowering of the
ground water table.

The city of The Hague (600 000 inhabitants) has just completed a
pumping station with rapid filters near the Rhine, a 45-km pipeline of
1.40 m diameter from the Rhine to the dunes near The Hague and infiltration
basins in the dunes. The underground storage is large enough to permit
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discontinuance of the use of Rhine water in periods of bad quality. Thus
first-class ground water can be pumped from the dunes, and the water
table in the dunes will be raised and salt water intrusion will be stopped.
A similar project, with a 55-km pipeline of 1.50 m diameter is under

construction for the dune area of the waterworks of Amsterdam (800 000
inhabitants), in combination with the provincial waterworks of North
Holland (650 000 inhabitants).

These solutions prove that in similar cases ground water resources which
were exhausted may acquire a new importance in the future.

Thus the historical cycle, surface water --*ground water *- surface water,
might be continued by an increased use of ground water in the future.
This possibility merits the attention of those who have to solve long-range
water economy problems. They will have to investigate the ground water
resources in a given area and the means of protecting them for future
application of replenishment.

Pollution and Purification

In the entire structure of water policy there should be a judicious
weighing of the consequences of admitting pollution and the necessity of
costly purification by the customer on the one hand, and against prevention
of pollution by costly methods on the other.

In principle, human civilization cannot tolerate a far-reaching pollution,
making the rivers and canals unattractive from a visual or aesthetic point
of view. Indeed, experience shows a perpetual controversy between industry
as a potential polluter and nearly all the rest of human society, which is
interested in clean water. This may be explained by the economic necessity
of keeping the cost of prevention of pollution as low as possible, but in
the long run industry itself will suffer from far-reaching pollution by
increasing difficulties in obtaining suitable water for industrial needs.

Therefore, as is logical, industry is showing a tendency to abandon its
negative attitude and to take a positive interest in the technical, financial
and organizational problems of pollution prevention.

For the prevention of pollution three methods can be distinguished:
(1) Accumulation in retention basins to control the evacuation of

wastes according to the flow of the receiving river.
(2) Purification of waste water.
(3) Decreasing the amount of waste water by re-use of water in the

industrial production process.
In the first method we recognize the accumulation process, considered

above in relation to water supply. The effect of sedimentation, with or
without the assistance of chemical coagulants, can add to the economic
advantages of this method and adapt it to the use of underground water
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for the evacuation of sewage and industrial wastes. Here again we meet
with ground water as an important phase in the hydrological cycle.

The second method offers an opportunity to recover chemical products
from industrial wastes, thus contributing to the economy of the purification
process.

Re-use of water in industry means a saving in water consumption, which
may be an important factor in the regional water economy.

It is for these reasons that the IUPAC congress to be held in Paris in
1957, and mentioned above, will treat the subject of the economic use of
water and the solution of effluent problems in industry. Specialists from
various big industries (pulp and paper, heavy chemicals, coal mining,
beet sugar, electroplating) will consider, on this occasion, a positive attitude
of industry towards an economic re-use of water in order to reduce the
cost of effluent disposal.

Organizational Measures

Many examples of co-ordinated planning and co-ordinated utilization
measures in river basins are available and it is logical that details of organi-
zation should differ from country to country, according to national habits,
administration and legislation.

One of the most striking examples is the famous Tennessee project in
the USA under the Tennessee Valley Authority, founded in 1933 by five
States. Its principal aims were: flood control, power generation, navigation,
water supply, general sanitation (malaria control), afforestation, agriculture
and recreation. By a system of nine dams in the Tennessee River and 17
storage reservoirs in the tributaries this project has converted a poor region
into one of the most prosperous ones of the USA, with a population of
4 500 000.

An inter-State project five times greater is being prepared at this moment
-the regulation of the Missouri basin, covering one-sixth of the surface of
the USA, which will include the construction of 105 dams.

In Western Germany many boards for more or less integral river-basin
regulation have been founded.

The most famous are the organizations for the Ruhr and the Emscher.
The waste waters of the major part of industry were led-after partial
treatment-to the Emscher, originally a small river, north of the Ruhr,
which was converted into a canal that delivers its water, after sedimentation,
to the Rhine. At the same time the flow of the Ruhr was regulated by an
elaborate system of weirs in the river and impounding reservoirs in its
tributaries, so that inundations were avoided, a constant supply of water
was made possible, and cheap electric power could be generated.

In England the drainage boards constitute examples of total river basin
regulation; similar institutions-polder districts-occur in the Netherlands.
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Initially, these institutions were especially interested in the quantity of
water; gradually they are developing measures to protect the quality.

The necessity of such organizations is based on the fact that the use of
water is no longer a point of local interest that can be handled by local
authorities. On the contrary, water economy needs regional co-ordination
serving a whole river basin. This means co-operation at a higher level
between municipalities or provinces or States, and in some cases even at
international level.

This problem has been given special attention by the Economic and
Social Council of the United Nations, at first in a preliminary report of the
Secretary-General in 1952, then in progress reports of 1954 and 1956.

As a result of a conference in 1951 on water resources, the Economic
and Social Council invited the Secretary-General of the United Nations to
report on the work being done by the specialized agencies of the United
Nations and other international organizations in the broad field of water
control and utilization.

On the basis of this report (1952, document E/2205), the Council, at its
fourteenth session, in 1952, requested the Secretary-General to promote
and co-ordinate international action in the field of the development of
water resources, and to promote the provision of hydrological data and the
international exchange of information and experience in this field. The
report of the Secretary-General (1954, document E/2603) suggested three
different fields for international action: the collection and co-ordination of
hydrological data, the promotion of the knowledge of the techniques
of watershed management, and the necessity for taking industrial needs
into consideration in any over-all plan for the management of water
resources.

The Council adopted a resolution which calls the attention of govern-
ments to the urgent problems raised by the heavy demands upon the world's
water supply, as a result of both increased population and the need for
water for agricultural and industrial development. It recommended that
governments and appropriate United Nations organizations give particular
attention to the suggestions of the report mentioned above.

In 1956 the Secretary-General produced a progress report, dated
23 February (document E/2827), to be discussed in the twenty-first session
of the Economic and Social Council in New York (17 April to 4 May 1956).

The report states that the World Meteorological Organization has
assumed responsibility for preparing a programme of activities to promote
the gathering of hydrological data as a part of water resources development.
With regard to watershed management, the Food and Agriculture Organiza-
tion (FAO) has prepared an outline of a basic handbook on all aspects of
this subject, including its relation to erosion control. UNESCO has accepted
responsibility for the part of the handbook concerned with the promotion
of a broad educational programme.
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Most of the programme of the Economic and Social Council is especially
directed towards the needs of under-developed regions.

However, for European industrialized areas the principles are the same.
At the national level each country should make an over-all plan for the
development of water economy. This can only be attained by an adequate
national organization, in which the different partners, mentioned in this
paper, are represented. A national water board, a national water policy !

At the international level in Western Europe, the time has come to solve
the Rhine problems by an organization set afoot by the five Rhine countries
(Switzerland, France, Luxembourg, Western Germany, the Netherlands).
On the one hand, this could be seen as another contribution to European
integration, and on the other, it would mean a further step in the co-
ordinated management of the Rhine, started in 1868 by the Rhine navigation
treaty of Mannheim. This treaty was founded on the common interests of
the riparian countries in navigation. In our days the water economy of a
river basin may equally be regarded as a point of common interest.

The International Commission for the Protection of the Rhine against
Pollution, founded in 1950 and mentioned in the first part of this paper,
might prove to be a good starting point for further activities. However, in
the near future an organization with a much wider scope will be necessary.

Summary and Conclusions

1. The Economic and Social Council of the United Nations adopted,
in 1954, a resolution calling the attention of governments and appropriate
United Nations organizations to the urgent problems raised by the heavy
demands upon the world's water supply, as a result of both increased
population and the increased need for water for agricultural and industrial
development.

2. Stream sanitation is an important element in the solution of the
problem raised by the Economic and Social Council. The World Health
Organization might therefore have to play a role in international co-
operation, especially as far as environmental sanitation is concerned.
Such a sanitary engineering activity, however, must be seen as part of a
total regional water economy and especially as part of the general develop-
ment of a river basin. Hence, sanitary engineers should have a knowledge
of the many interests involved, as a basis for collaboration with other
experts.

3. The principal problems of water economy are: setting up a balance
between available resources and needs for various purposes ; accumulation
of water in periods of high flow; realization of a balanced system of pollu-
tion prevention on the one hand and water treatment on the other; and,
finally, the organization of optimal co-operation at different levels.
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4. A study of the available resources might well be undertaken at the
regional, national and, in some cases, international level.

Although up till now ground water is the principal source of supply in
many countries, future demands must necessarily be covered by surface
water. The increasing pollution of surface water, however, makes it impera-
tive to put an end to the direct use of rivers and to apply accumulation by
impounding reservoirs in the upper sections of rivers, or storage reservoirs
in the lower part, or by artificial recharge of ground water. The last-
mentioned method is still in the early stage of development and deserves
special attention, as it offers many advantages in comparison with open
reservoirs.

5. In a water economy project the possibilities of reducing consumption
for domestic, but especially for industrial, use have to be studied.

Re-use of water in industry means not only decrease in consumption,
but also decrease in waste water production, i.e., in pollution of surface
water or ground water.

Until now there has been a more or less natural conflict of interests
between industry and the prevention of water pollution in many countries.
Recently, however, industry has begun to take a positive interest in the
technical, financial and organizational problems of stream sanitation.

6. At the national level each country might establish an over-all plan
for the development of water economy.

This could be attained by appropriate national organizations, in which
are represented the different interests, such as river management, naviga-
tion, public health, industry, agriculture, forestry, fisheries, recreation, and
town and country planning. A national water board composed on these
lines should prepare a national water policy.

The specialized organizations of the United Nations, such as WHO,
UNESCO, WMO, and FAO, might support such national activities.

7. At the international level the water economy of inter-State river
basins should be studied on the same basic principles as mentioned above.

The Rhine offers a striking example of difficulties to be solved in the
management of an international river basin covering highly industrialized
areas. The International Commission for the Protection of the Rhine
against Pollution, founded in 1950, has done useful work in giving an
outline of the actual status of the pollution of the river.

In view of all the interests involved, an organization with a wider scope
is obviously necessary in order to plan an international water policy for the
Rhine basin, as a contribution to European integration.

RJASUMJ!
Le Conseil Economique et Social des Nations Unies a adopte en 1954 une resolution

appelant l'attention des gouvemements et des institutions sp6cialis6es sur les problemes
aigus que pose la demande en eau sans cesse accrue, en raison de l'augmentation du chiffre
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de population et de la consommation grandissante de l'eau par l'agriculture et l'industrie.
Les questions de genie sanitaire relatives A la pollution de l'eau dont s'est occup6e

la quatrieme reunion europeenne d'ingenieurs sanitaires convoquee sous les auspices
de 1'OMS, ne constituent qu'un aspect du developpement des ressources hydrologiques
et de la gestion des bassins fluviaux. I1 est necessaire que l'ingenieur sanitaire ait con-
naissance de l'ensemble du probleme. L'auteur en fait un bref expose dans cet article.

Les principales questions que pose la gestion des ressources hydrologiques sont:
l'equilibre entre la consommation et la production, l'accumulation de reserves en periodes
de hautes eaux, l'etablissement d'un systeme equilibre de prevention de la pollution
et de traitement des eaux, la collaboration, a divers niveaux, des groupernents interess6s.

Une enquete sur les ressources d'eau disponibles peut etre effectuee au niveau regional,
national ou international. I1 est probable qu'A l'avenir, les demandes en eau seront
couvertes en grande partie par 1'emploi des eaux de surface, bien que, actuellement,
les eaux souterraines soient la principale source d'eau de consommation. La pollution
accrue des eaux de surface exigera cependant que l'on renonce A utiliser directement
les rivieres et que l'on recoure A des methodes d'accumulation dans les secteurs supe-
rieurs des cours d'eau ou dans des reservoirs A la partie inferieure, soit encore a la
recharge artificielle des nappes souterraines par infiltration des eaux de surface. Cette
derniere methode, qui est encore au stade experimental, offre de grands avantages sur
celle des reservoirs ouverts.

Dans un programme g6neral de gestion des eaux, la reduction de la consommation
est a envisager. La re-utilisation de l'eau dans l'industrie, outre qu'elle reduit la consom-
mation, diminue le volume des eaux polluees et les risques de contamination des nappes
souterraines.

La collaboration A divers niveaux s'est imposee comme une necessite. La gestion
des eaux ne peut plus etre envisag&e comme un probleme local. Elle doit etre coordonn6e
pour l'ensemble d'un bassin hydrographique, c'est-a-dire au niveau des provinces et
des etats, parfois meme sur le plan international. C'est ainsi qu'une organisation a
laquelle participent la Suisse, la France, le Luxembourg, l'Allemagne de l'Ouest et les
Pays-Bas, a ete mise sur pied pour s'occuper de la gestion des eaux du Rhin, qui sur
850 km traverse des zones parmi les plus fortement industrialis6es. L'auteur etudie
quelques-uns des problWmes caract6ristiques et generaux que pose l'6conomie hydrologique
de ce fleuve.
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