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Further lectures were given by the Seminar at: the Newark College of

Engineering, Department of Civil and Environmental Engineering; the Columbia
University Department of Biological Sciences.

Recently an additional Seminar was established. Special Problems in
Ocean Engineering, a joint effort of the University Seminars on Pollution and
Water Resources, and the Ocean Engineering Division of the Columbia University
School of Engineering and Applied Sciences, Henry Krumb School of Mines. This
Seminar is devoted to the environmental problems of the coastal and offshore
areas (hydrology, estuarine biology, thermal pollution and submarine
ecology). Participant students (junior scholars) are registered also in the
Division of Ocean Engineering.

George J. Halasi~-Kun
Chairman of the University Seminar

on Pollution and Water Resources
Columbia University
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INTRODUCTION

The Steering Committee of the Seminar gratefully acknowledges the
generous participation in financing, coediting and pPrinting of this book by
the U.S. Geological Survey and the generous contributions of time and effort
on the part of the distinguished members of the Seminar in preparing the
published lectures and articles. Only their unselfish dedication made
possible the appearance of the second and third volume of the Seminar
Proceedings.

To give an accor 't about the main phases in the development of the
Seminar in 1968~1969 and 1969-1970, these important events should be noted.

The membership was enlarged to seventy-seven members and six guest
members. Furthermore, in the spirit of the constitution and in accordance
with the charter of the University Seminars, eight graduate students, each of
them with an advanced degree, were admitted as student members {junior
scholars) in the spring and fall of 1969.

Besides conducting the regular lecture series, the last meeting of the
academic year 1968-1969 was experimentally organized as a field meeting in
Trenton, New Jersey, with the State Geologist of New Jersey as host, to
present general information about the problems of pollution and water
resources in that area. 1Its great success inspired the members of the Seminar
to adopt a policy of organizing each year a field meeting at a place where a
Seminar member would be host, such as for instance the area of Boston or
Washington, D.C.

With the help of the Environmental Protection Department of the State of
New Jersey the first book of the Seminar "Proceedings of University Seminar on
Pollution and Water Resources: 1967-1968" was published, This book dealt
with activities of the Seminar and its members and consisted of lectures and
articles.

In cooperation with the Technical University, Brunswick, research
activities on hydrology of smaller watersheds have been organized abroad,
starting with the academic year 1969 - 1970. The results are intended to
serve as a basis for further research in the areas of New Jersey, New York,
and Connecticut,

In the academic year 1969-1970 with the World Bank {(International Bank
for Reconstruction and Development) as host, the "Annual Meeting in Washington
D.C." was fostered. The lecture together with the meeting gave a general
inside view of the water resources policy and procedures of this world
organization. The vivid response of the Seminar members, expressed during the
meeting in Washington, D.C., initiated in March 1970 a three-day conference on
international and interstate requlation of water pollution,

The conference was organized together with the Columbia University School
of Law and its "Proceedings" were published separately. Fourteen lectures
were delivered by the Seminar members and the intensive participation (over
250) especially of experts, diplomats and visitors from abroad secured the
international character and success of the meeting.

v
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THE INTEGRATION OF DESALINATION INTO WATER AND
POWER PROBLEMS--SOME UNEXPLORED ECONOMIC PROBLEMS

by

JOSEPH BARNEA, Ph.D. 1l
Director, Department of Economic and Social Affairs,

Resources and Transport Division, United Nations,
New York

The views and opinions expressed in this paper are those of the lecturer
and do not necessarily reflect the views of the United Nations.

A-1

NEW JERSEY GEOLOGICAL SURVEY




Phis lecture will deal very largely with the question of dual-purpose
desalination plants which produce both power and desalinated water. The
critical review of the potentialities of this type of dual-purpose plant
should not create the impression that I am against dual or multi-purpose
plants. Multi-purpose river projects are standard today, and industrial
plants producing both steam and power are very often economic under specific
industrial conditions. In this lecture, however, we are dealing with
dual-purpose desalination plants in which the output is destined for the
market.

In the lecture today I would like to discuss first some of the problems
of a dual-purpose plant; namely, a plant which produces both power and
desalinated water and, subsequently, the problems of system cost and growth in
a water supply system based exclusively on desalination.

Dual-purpose plants appear to possess an unusual attraction for many
engineers and many water planners. I believe that existing experience, as
well as potential problems, will indicate that such dual-purpose plants will
be economically successful only in exceptional cases. The United Nations'
survey on desalination plants in 1964 found that very few dual-purpose plants
were operating successfully in economic terms, and only a small number
operated at high load factors. The worldwide survey of operational experience
of desalination plants in 1965, to be released soon, shows the same results.
There is, therefore, little in the experience known to us which would justify
the assumption that dual-purpose plants, apart from engineering efficiency
calculations, are superior to single-purpose installations. However, the
experience we have relates exclusively to small dual-purpose plants and it
might be argued that the situation would be different for large dual-purpose
plants, As the following analysis will attempt to show, large dual-purpose
plants will have big problems and the experience of existing small
dual-purpose plants remains relevant. 1In the following discussion, I will
restrict myself to the application of dual-purpose plants for permanent water
and power needs; in other words, we will disregard the water and power needs
for a mine which will last about twenty years, and other types of temporary
water and power needs.

If we consider a dual-purpose plant for an area with permanent water and
power needs, then it is essential to plan the dual-purpose plant in such a way
that it can operate continuously and produce at its optimum output of both
water and power; in other words, the dual-purpose power-desalination
installation should be operated on base load. 1If, for a considerable period
of the year, it should operate to produce water only or power only, it is
assumed that, under these conditions, operation would be uneconomic.

We, therefore, stipulate that a dual-purpose plant should be operated on
base load for water and power over its productive life. 1In most calculations
for these installations, productive life is now assumed to be around 30 years,
although this appears to me to be unduly long. What I would like now to
discuss in detail are the consequences of keeping a dual-purpose plant on base
load for a considerable number of years, say 20-30 years, and the problem of
the proper base load penalties which may apply to both water and power
outputs. The power base load penalty is a problem which is already known but
often misunderstood and the water base load penalty is a problem which, I
believe, has not yet been recognized.

A-2

NEW JERSEY GEOLOGICAL SURVEY



Let me first deal with the power base load penalty. 1In an electricity
system, it is customary to put on base load the power unit which produces
electricity at the lowest cost per kilowatt hour. Therefore, large modern
units incorporate, through economics of scale, lower capital investment per
kilowatt of capacity and lower fuel cost because of increased efficiency in
the use of fuel per kilowatt hour of output. Consequently, keeping a power
unit on base load beyond the period when it would otherwise have been
displaced by new units at lower unit capital cost (through bigger size) and at
higher fuel efficiencies, will clearly raise the electricity system costs
beyond the achievable minimum. In other words, it may prevent the normal
reduction in generating cost as a result of modern engineering developments or
system growth. This cost of keeping a power unit on base load beyond the
normal period of 8-12 years, which is clearly required in the case of
dual-purpose plants, is called the "power base load penalty” and this cost,
based on certain assumptions, could be estimated.

The power base load penalty as defined appears now to be clear but,
apparently, it is not clear to many of the engineers involved in dual~purpose
plant design and, as an example, I am quoting a paragraph from a lecture by
Mr. Adar, held at the Second European Symposium on Fresh Water from the Sea in
May 1967, which has appeared in the Journal "Desalination”, No.l, 1967. Mr.
Adar states:

"The cost of off-peak electricity output from any dual-purpose plant is
that of the fuel only at a thermal efficiency of about 95%; therefore
this cost for a nuclear dual-purpose plant is about one third of the
marginal electricity cost from a nuclear power-only plant and one sixth
from a fossil-fueled power-only plant. This fact ensures that such
plants need never suffer a base load penalty and also means that economic
obsolescence is very unlikely within the normal plant lifetime."”

Normally, this base penalty is composed of two elements, namely (a) the
lower capital requirements per kilowatt of newer and bigger power units and
(b) the higher efficiency or lower fuel requirements per kilowatt hour output
in newer power units. The second point (b) is, however, not always
applicable. 1In a country like Kuwait, where natural gas is made available
free of cost for desalination, or in geothermal power units where there are no
fuel costs, item (b) would not be applicable. The power base load penalty
will vary according to the power generating system employed. 1In the case of
nuclear power, the economics of scale will be more important than the
increased efficiency in the use of fuel; whereas, in the case of conventional
fuel, the economics of scale is somewhat less important and the efficiency in
fuel use somewhat more important. The size of the power base load penalty
will also depend on the growth rate of the system. If the electricity demand
of a system should grow at a rapid rate, say 7-14% per year, then the power
base load penalty would be much higher than in a system where the annual power
demand growth was only 3-6%. It should be noted that most electricity
systems, including those in developing countries, still exhibit a
comparatively high annual growth rate.

It could be argued that, in order to overcome the power base load
penalty, such dual-purpose plants should be calculated as operating, say, only

10 years on base load and being shifted after 10 years to a reduced output.
The problem then arises of how to find a reduced production pattern which fits
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both the power and water demand since everywhere power demand is growing on
average much more rapidly than water demand. No one has been able to propose
a practical solution for a synchronized reduction in output wherein
dual-purpose plants would only operate a limited number of hours but, during
this limited time, would operate as a dual~purpose plant. It should be noted,
furthermore, that, if a dual-purpose installation was intended to be operated
on base load for a limited period only, then this must necessarily affect the
over-all cost calculations.

Clearly there must be a similar problem, namely a water base load
penalty, applicable to dual-purpose plants. Let me first make it clear that,
for a dual-purpose installation to operate on base load, it also requires, on
the water side, a water supply or grid system because the pronounced
differences in water demand between day and night and winter and summer would
make it impossible for an individual plant to operate on base load, unless
there existed a tremendous storage capacity. It is intellectually difficult
to assume that the technology of desalination would be so stationary for, say,
30 years that newer desalination units, at lower unit capital cost, could not
become available over such a long period of time. If, however, it is assumed
that cheaper systems will come into operation in future then clearly those
systems operating at lower capital cost per unit of water, better corrosion
control and higher output per pound of metal could be put on base load in the
water supply system, whereas the older units should be put on lower loads so
as to obtain the lowest possible water system cost.

It is today not sure to what extent the economy of scale will be
applicable to desalination units once sizes of, say, 10 million gallons per
day, are in operation ({nevertheless, to a certain degree, economy of scale
will be applicable, at least insofar as savings in management, maintenance and
repair and purchasing are involved). Similarly, it is reasonable to assume
that newer desalination systems will achieve better efficiency in the energy
requirements per unit of water output. It is for these reasons that a water
base load penalty exists too, although there is less awareness of this problem
than of the power penalty.

One may perhaps argue that the described problems of power and water base
load penalties might be reduced by assuming for cost calculation a shorter
period of life for the installations, meaning that the amortization pericd
could be reduced to, say, 10 years. 1In such cases, the capital investments
would be amortized and the cost of maintaining a dual-purpose plant on base
load would only involve fuel cost and maintenance. Such a shortened period of
amortization is, however, hardly practical because, for the first ten years,
it would make water and power so expensive that there would be very little
economic justification for the dual-purpose plants. One might also want to
consider pre-building as a way of overcoming the power and water base load
penalty. In the case of water, pre-building might allow time so that, in such
a way, the groundwater reserve is overdrawn during the years of construction
of the dual-purpose plant and the installation is kept fully operative by
using the water output during the first few years, partly in order to recharge
the overdrawn groundwater reserve. Unfortunatley, however, electricity cannot
be stored economically and so the solution is not applicable to a dual-purpose
plant. Such a solution might also raise certain other problems which will not
be discussed here in detail. The conclusion of these discussions leads,
therefore, to the warning that a dual-purpose plant, in its economics, should
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include also the negative cost of the water and power base load penalty.

In addition to the clearly definable economic problems arising from the
shifting of a dual-purpose plant from base load to lower loads, there are also
certain technical problems which require detailed study and which may involve
serious unexplored technical problems. By reducing a dual-purpose plant from
base load to lower load, lower production could be achieved in two different
ways or in a combination of the two different ways. One is to operate the
dual-purpose plant on partial load and/or shut it @down for certain given
periods, say, every night or so.

Let us first turn to the problems which may arise in running the
dual~purpose installation at partial load. Apart from the obvious economic
consequences of the cost involved in running production facility below its
design capacity, there is first the question of the effect of partial
operation on desalination plants. OQur experience indicates that this is bad
for the equipment and that technical problems such as enhanced corrosion tend
to arise. The difficulties associated with the partial operation of the
desalination part of a dual-purpose plant could perhaps be overcome, at least
to some extent, by avoiding one large desalination unit and substituting
several smaller distillers so that, when partial 1load operations were
required, one or two units would be shut down and, say, one or two units would
operate at full load. Such a solution is feasible but would, however, have
the following drawbacks: (a) it would reduce the possible economics of scale
on the desalination side; (b) the cost of maintaining the shut down
desalination plant under water pressure or vacuum to avoid corrosion build-up
would be raised. On the power side, enough experience is available to
substantiate that no technical difficulties would arise from the operation of
a power unit at reduced load. There is less experience on the effect of
partial loading in the case of nuclear power plants but, broadly speaking, one
may assume that, apart from considerably increased unit cost, no major
problems could be expected.

In the second case, we have assumed that, instead of partial loading, the
dual-purpose plant can be shut down for given periods, such as, say, every
night and the following problems will be encountered; as regards desalination
plants, the cost of maintenance will rise rapidly, as pointed out earlier,
because of increased corrosion. From a practical point of view it is doubtful
whether such an operating regime would be acceptable since the warming up of
an evaporating plant can extend over several hours and involve a nonproductive
heat consumption which could be prohibitive on a daily basis. As regards the
power plant, the frequent shut down and the starting again of the boiler,
apart from increased cost, will also tend to decrease the life of the boiler,
although this is a consideration which applies to any generating plant
operating on a two or one shift basis. Fuel efficiency will decrease and it
could probably be assumed that plant life will be reduced too. In some forms
of nuclear reactors, the frequent shut down of the reactor may lead to a build
up of poison in the fuel elements and perhaps to other problems which need
more study.

In view of these numerous and largely unexplored problems and the
possible effects of under-loading or reduced hours of operation on a

dual-purpose plant, caution is necessary in assuming that, in order té avoid
the base load penalty for water and power, these plants could be operated
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technically and economically on lesser loads after a number of years of use on
base load. If calculations on a given project indicate that a dual-purpose
plant can be left on base load only for a given number of years because of
base load penalty, then the design of the dual-purpsoe plant should also be
tested for its effectiveness under partial loading or reduced hours of
operation.

Let me now turn to other problems involved in a dual-purpose plant. And
here we enter a field which is totally unexplored as well as speculative but,
nevertheless, I believe that the problems involved need to be studied, defined
and perhaps, later on, to be costed, if possible, in economic terms. I
suggest that in addition to the base load penalties for power and water, there
are other categories of potential future unrecognized costs in dual-purpose
plants which I would like to define as "other power cost penalties” and "other
water cost penalties®. The definition of "other power cost penalties"™ and
"sther water cost penalties" is power or water costs arising because the power
and water production may not be needed by consumers.

Let me now explain what the other power cost penalties may mean in
practice, both for power and for water. In the case of individual
dual-purpose plants, not connected to a power grid, the power output of
dual-purpose plants may not be needed if the grid system reaches the area of a
dval-purpose plant. This has Jjust happened in the case of a dual-purpose
plant operating in Elat, Israel, where the extension of the grid system is now
reaching Elat. Grid power in Elat will, therefore, become available far below
the power cost of the small steam power plant which forms part of the
dual-purpose plant. There are many other similar problems which may arise in
the future and even the power grid system we know today may undergo
considerable changes. You all know that considerable work is being done on
the development of a fuel cell to operate on natural gas in the basement of
private houses so that each house can produce its own electricity in addition
to using natural gas directly. In case this development should, in the next
ten years, prove successful, it will have a considerable impact on the grid
systems as we know them today because it might eliminate from the income of
the big power companies the consumers who pay the highest rate for
electricity. In some form this devlopment has already started with the
so-called "total energy system™ under which, for a big housing complex, a
system is introduced which provides all energy needs of the housing complex
from one fuel source. This provides for electricity generation, for
air-conditioning, for heating, etc., We cannot foresee the future, over 30
years, of the electricity systems or of the energy systems but we do know that
new technologies may come into play and they may lead to conditions under
which a power station may not be able to sell all its output to a grid
system. In this connection, it is relevant to recall that, in modern power
systems, generating costs form less than one-third of the total systems cost
and that transmission, distribution and commercial activities form the bulk of
the total systems  cost. Under those circumstances, the economic
attractiveness of a new technology which would cut out all or a substantial
part of transmission, distribution and commercial costs, should not be
disregarded.

Equaliy complex is the outlook for water. The output of a desalination

plant might become redundant at any time in the future, either because of the
discovery of conventional water at lower cost, and this would include water
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becoming available through weather engineering or because of decline in the
cost of the re-use of water, There are some additional specific problems in
water, such as a decline or shift in industries using large amounts of water
or the large-scale introduction of air or other systems of cooling, replacing
the large-scale use of water for cooling and other similar purposes.
Rainmaking has recently been introduced on a systematic basis in Israel and it
has already led to a decision to postpone the time when large-scale
desalination will be required.

The problems discussed above and the examples given for the "other power
or water cost penalties® are penalties, which, it might be argued, are part of
the risk of the introduction of new technologies and, therefore, would be
applicable also to individiuwal power or desalination plants and so are not
costs properly to be considered specific to dual-purpose plants. Such an
argument, however, is only partly correct because the burden of the problems
is that two combined systems, mutally dependent, carry double the normal risk
of obsolescence.

In effect, however, it might be more than a double risk and we now turn
to the question which is rarely asked so far and is quite important; namely,
who will pay for the base lcad or other penalties? We believe that the
problem is beoth complicated and very important. Let us assume that, in an
area where dual-purpose plants have been constructed, rainmaking or some other
technology has provided large-scale new sources of potable water at very low
cost and that the decision is taken to close down the desalination part of a
dual~-purpose plant. Who will pay for the additional cost involved in running
a dual-purpose plant as a single-purpose power plant? Also, there will be
capital losses involved in the c¢losing down of the desalination installation.,
Let us remember that we have two additional cost factors to consider here and
in some cases even three; namely: (1) the increase in operating costs created
for the power sector by shutting down the desalination plant; (2) the capital
losses of the desalination plant; and (3) if applicable, the cost of keeping
for a few years the dual-purpose plant less desalination on base load, when
units producing power at lower cost could be put on base load. The allocation
of base load penalties as between water and power and of other penalties is
quite a complex matter and, among the small dual-purpose desalination plants
now in operation, this is a matter which has created consistent argument
between the water and power authorities involved.

The allocation of the "other penalties” will become even more complex as
the size of the cost may be even bigger. Wherever a dual-purpose plant is
Government-owned or owned by other public bodies, it is obvious that the base
load or other penalties will have to be paid for by the taxpayer. However, if
the dual-purpose plant 1is privately-owned or partly privately-owned, the
problems may not easily be solved.

Now let me turn to a second interesting economic problem; namely, the
growth problem of a desalination system. Let us assume, for simplification,
that we are. dealing with a water supply problem in an area where all or most
of the water supply has to be provided by desalination and where there is a
permanent population and a growing water demand, such as, for instance, in the
case of Kuwait. In such an area the first desalination plant will be followed
by a second and, over the years, further desalination plants will be required
so that gradually a desalination water supply system will come into being.
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The question now arises as to what size does one build the first plant and
each of the subsequent plants so as to obtain the best system economics.

The United Nations has recently studied that problem, in conjunction with
storage requirements, so as to obtain both a reliable and low-cost system of
desalinated water supply. To our great surprise, detailed studies reveal that
it will be difficult under such systems to determine properly the size of the
first plant without a careful study of the pattern of systems growth over a
20-30 year period and without estimating the annual water demand growth over
that period. We also found that, unless the annual increase in water demand
surpasses 8% per annum, and that is a very high annual water demand growth
rate, the size of the second plant, when needed, will be smaller than the
first plant. Assuming other factors as being equal, we would obtain, over a
20 or 30 year period, increased systems cost per thousand gallons of
desalinated water instead of lower costs.

This surprising result is due to the fact that, once a population has
reached a comparatively high water level, the per capita consumption of water
does not rapidly increase and the same applies to industrial use. There is,
therefore, a basic difference in the pattern of growth between the power
demand and the water demand and this requires, for the future, a much more
detailed and long~term study of water demand growth patterns. Once, however,
the problem of the danger of the growth in system costs of desalination was
recognized, the United Nations team has tried to find ways in which an
increase in system costs could be avoided. Much will depend on local
conditions and it was found that, where desalination can be combined with
groundwater supplies, a joint desalination groundwater scheme could avoid
increased systems cost. 1In certain cases, a combined development with surface
water could also avoid the danger of increased systems cost.

There are many other factors which need careful study in a desalination
supply system and the time has come for water economists and water engineers
to look at these problems and to study them carefully. I believe also that it
is insufficient today to look at a single desalination plant, calculate its
cost and determine its size by the present or immediately foreseeable future
demand as if a desalination plant could be judged over its long life on a
single plant basis only. This type of single plant economy is applicable only
to temporary requirements but not for areas with permanent populations and
permanent demands.

There will be cases when studies will be carried out where the cost
evaluation for a single plant may have to be modified considerably by the
systems analysis over a considerable period ahead. I also believe that
further studies in this direction will indicate that an integrated development
between desalination and conventional water resources will, in a systems
study, probably show better economic results than the development of
desalination-only systems.

In some countries, the belief is held that, once the first desalination
plant is in operation, all future water demand has to come from desalination
and, in one country which I know quite well, an announcement was recently made
that all power plants in the future will be dual-purpose plants. I believe
that the systems problems of dual-purpose plants and of desalination are too
little explored, too little recognized and are not incorporated into the
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costing of desalination today. The development of proper economic tools for
this type of economic evaluation is now needed, and I hope that my lecture
will contribute to the awareness of those problems and that perhaps somewhere
universities or other bodies or firms will delve into these important problems.
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WATER RESOURCES DEVELOPMENT OF SQUTHEAST LOWER-SAXONY

F. R. GERMANY

by

ULRICH MANIAK, D. Eng. Sc.

Professor of Water Resources, Leichtweiss-Institute of Hydraulics and
Foundation Engineering, Technical University, Brunswick,
F. R. Germany

B-1

NEW JERSEY GEOLOGICAL SURVEY




In this article, I shall discuss the problems of water resources and
water development in West Germany. For all this country's being located in
the humid climate of Central Europe, a region with what would seem to have
sufficient precipitation, the surprising truth that is a supply of water of
suitable quality is becoming scarce. This is a situation that requires
legislative, administrative, and technical measures if the region is to
develop in a way that will be advantageous to the whole national economy.
Because in the future, water will be a critical factor in human welfare and
industrial growth.

1. Legislation and Planning (the Water Act)

Before going into technical detail, I shall make some general remarks
concerning the problem in Germany.

First, let me refer briefly to German water legislation. In view of the
increasing difficulties in German water development, several authorities
demanded that the government give immediate consideration to a new Water Act.
In accordance with this request, the Federal Government put forth a bill for a
new Water Act, which was passed by the parliament and went into effect in
1957, replacing a sixty-year-old law which had become obsolete.

The new law was completely different from the old. Whereas formerly
water use was granted to everyone, with the legislative body reserving to
itself the right of restriction, the new law undertakes to regulate the
overall use of water on a coordinated basis. The long~term needs of the area
are taken into account.

The law has six parts, which constitute a comprehensive whole.

One part deals with a water development plan which would be of interest.
This plan involves an entire river basin -- an area distinguished by an
interdependent economy. It provides for future possibilities concerning water
resource management, flood control, and the prevention of water pollution in
watercourses,

Such a water development plan is not merely a technical plan which, in
its working out, only makes provisions of building or improving hydraulic
gtructures., It is rather intended to outline a basis for the large scale
utilization of water resources and to achieve a water balance which will meet
future requirements, It has the character of a recommendation to the
authorities,

1.2 Development Areas in West Germany

As the increased need for water is part of the general economic
development, the law requires coordinating any water development scheme with
the general development plans of the region in such a way as would be valid
for a period of thirty years.

Regions covered by water development plans often cross political or
administrational boundaries, and may include complete river basins and even be
related to areas in another country in compensating water supply between

B-2

NEW JERSEY GEOLOGICAL SURVEY



sectors of surplus and déficit. Therefore, it is necessary to design water
development plans in accordance with standardized principles,

The total area of the Federal Republic of Germany is 96,000 square miles
with a population of 60 million, which means an average population density of
some 620 inhabitants per square mile., And the many water development schemes
for individual river basins are being set up according to modern guidelines.

The following figures will add to a better understanding: the population
of West Germany is about 3/10 of that of the United States; the area of West
Germany, however, is only 3/100 that of the U.S. This means that the area of
West Germany is equal to the combined area of New York State and the state of
Pennsylvania.

The areas covered by water development plans vary in size from 200 square
miles for municipal areas to less than 4 square miles for rural areas. Thus,
Lower-Saxony, or as we call it, Land Lower-Saxony, with an area of 18,000
square miles and with 6.5 million inhabitants, is subdivided into 17
development sections.

A close connection between water resources and development planning was
initiated originally in the individual agglomeration areas such as Hamburg,
Frankfort, Stuttgart, Munich, and the Ruhr district. Such density planning is
now also being carried out in less-populated areas, in order to provide for
the course of increased industrialization.

Southeast Lower-Saxony is this type of area,*

Southeast Lower-Saxony has an area of 1800 square miles, and a population
of 1.18 million living in 550 communities. This relatively small area is
characteristic of many in Germany. And it is used as a kind of unbroken
thread in what follows and to serve as an example in explaining the several

methods of water resource development and their simultaneous relation to
general development planning.

In this context, another comparison with the United States can be made.
Southeast Lower-Saxony is a little smaller than the State of Delaware: the
population is nearly twice that of Delaware. (See Figure 1)

Southeast Lower-Saxony consists chiefly of the region around Braunschweig
(which has the 0l1d Saxon name of Brunswick), and is situated approximately 120
miles south of Hamburg and the North Sea. The southern boundary is formed by
the Harz Mountains, and in the north it is bordered by the Luneberg Heath.
The demarcation line between East and West Germany forms a strict border in
the East.

Because of the Iron Curtain (and you can see Check Point Helmstedt on the
illustration), the economic relations of the Brunswick district -- which
formerly radiated in all directions -- were unnaturally cut off from the
East. The region has changed from being in a central position in Europe to
being a peripheral area in free Western Europe.

*In the illustrations, the abbreviation SEL stands for Southeast Lower-Saxony.
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The economic affairs of any region are always in a state of change, not
only because of political events but also as a result of new techniques and
new resources such as are now coming about.

2. Southeast Lower-Saxony

2.1 Survey of the Report on Naticnal Planning

In 1961, representatives of the communal central organizations and of the
commercial boards in Southeast Lower-Saxony agreed that it was necessary to do
research in order to work out guidelines for regional development. They
realized that, in addition to water resources, other factors in development
planning, such as population, transportation, and the general economy, had to
be taken into consideration.

The man put in responsible charge of this research was Professor
Friedrich Zimmermann, director of the Leichtweiss Institute for Hydraulics and
Foundation Engineering. He had a team of researchers which included thirteen
professors at the Technical University of Brunswick and other experts.

The results of their work were collected in thirty-five volumes, and the
project took five years to complete. The total cost amounted to about 20¢*
per capita for the population of Southeast Lower-Saxony.

Significant points developed were the following:

1. The composition of the population by profession or job and its
expected development (of utmost importance in any such investigation).

2. The econcmic development of the area for which plans were to be made
and its anticipated growth.

3. The distributory network, which is to say, the design of accepted
development principles which serve as the basis for all future
development measures.

4, The limit of built-up areas.

5. Transportation and its expected development.

6. Technical supply and refuse disposal, including the fields of energy
supply, water supply, sewage and refuse disposal, and flood control.

7. Problems concerning national parks, landscaping, and recreational
areas.

In the following, measures concerning water resources are treated in some
detail, and other objectives are discussed only insofar as they relate to
these measures.

*The costs originally caluclated in DM are expressed in United States dollars
(4 DM = $51)
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2.2 Economy and Population

Some information on the economy and population of an area -~ and their
interdependence —— is essential to an understanding of the condition of water
resources. (See Figure 2)

Every area with a varied structure reflects, in its pattern of zones of
agglomeration, the results of artery transportation and the location of its
industries.

Without going into detail, it can be pointed out that in Southeast
Lower-Saxony no less than eight types of communities were observable, ranging
from the single farm to the town or regiocnal center.

The spectrum of industrial activity is divided to the same degree, and
includes single farms and industrial plants. The over-concentration of
industrial plants in one area and workers' living in another area causes many
problems which otherwise could be avoided, e.g., daily commuting and traffic
jams. And there are others, which I shall not mention.

The present structure of population is subject to steady change. 1In
Germany and in other industrialized countries, there is a decrease in the
number of people engaged in agriculture. But the percentage engaged in
industry is slightly increased. And Lower-Saxony shows a relatively rapid
increase in the number of people engaged in commerce and trade. (See Figure 3)

The regional distribution of the population and economic activity is the
main factor that must be considered in the needs and demands of water supply.

In Germany, agriculture is still an essential part of the economy. In
Southeast Lower-Saxony, about 60% of the total area is devoted to agriculture;
this is also the average for the Federal Republic of Germany, and an
additional 25% is reserved as forest in Lower-Saxony.

Industrial development expanded, between 1957 and 1961, at an annual rate
of 8.4% in Lower-Saxony, and this exceeded the 6.7% rate for the Federal
Republic of Germany.

What has been called a "distribution of branches" may be considered a
measure of a stable economy. Generally speaking, this is a plan for achieving
a roughly equal distribution of industrial centers in Germany, and also to
avoid concentration of specialized industries.

The distribution of industrial branches is very complex in this example.
It includes mining and basic-material production; it includes automated
production plants (see Figure 4 showing the Volkswagen works in Wolfsburg} and
the photographic plant in Brunswick. In addition, there is a large number of
canning plants and sugar refineries which use large quantities of water in the
processing of agricultural products.

Concerning the population of Germany, the following may be postulated.

West Germany now has 60 million inhabitants, and the projectd population
in the year 2000 is 75 million.
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In Southeast Lower—-Saxony, there are now 1.18 million people -- or 2% of
the Federal Republic of Germany -~ and, considering the age-range, it is
expected that there will be 1.48 million in 2000. This would be an increase
of 23%.

In order to get a reasonable distribution of the total population, any
unnecessary concentration should be avoided.

In areas within an evenly distributed industry, as in the case of
Southeast Lower-Saxony, the concentration of population shall be limited in
some communities; in others, however, an increase is desirable, The structure
of the many small communities, on the other hand, is to be improved by the
development of core centers with more than 5,000 inhabitants,

2.3 Hydrologic Facts

The climate in Germany varies from region to region and has to be
analyzed for each river basin. Since the country is in the center (not the
periphery) of the continent of Europe, it has no variations in climate that
would compare with those in the western United States.

For example, the annual precipitation in Southeast Lower-Saxony has a
uniform distribution over the year. 1In the mountains, it ranges up to 55 in.
(1400 m.m.), and in the lowlands it may be as little as 20 in. (500 m.m.).

These hydrological relations are reflected in the runoffs of the rivers.
In Saxony, the density of rivers is, for each square mile of land, 0.77 miles
of river. The main river is the Aller, which, as the 1last big right
contributary, flows into the Weser at a point about 60 miles upstream from its
mouth, the North Sea. The quantity of ground water available depends mainly
on hydrological conditions. These vary considerably for each of the many
river basins in Germany. But according to these conditions and the analysis
thereof, Southeast Lower-Saxony consists of the following:

1. The Harz Mountains, with a thick layer of podzol soil and high
precipitation. Chiefly a source and site of lumber industry.

2. The northern foothills of the Harz Mountains are preferred for

agricultural use. This area has fertile loam and clay soils that are
easily washed away from the surface.

3. The Lowland, which extends north of Brunswick into the heath. It has
sandy soll and a low rate of precipitation.

The discharge of the rivers, therefore, differs and reaches values of
1.230 million gallons per day per square mile (25 1/sec. km2) in the South
and 0.148 million gallons per day per sguare mile (4 1/sec, kmz) in the
North, The volume of the annual discharge of the Aller River at the mouth of
the Oker River is 0.47 acre feet per year (580 million m3/year).

The purpose of all work connected with flood control of the rivers is the

control and management of surface runoff. Recently, these aims have been
achieved by "flood water retention basins."
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At the end of the Middle Ages, storage ponds were constructed in the Harz
Mountains to prevent floods and make possible the utilization of mountain
rivers and to create water power for gold and silver mines. Later, they were
used to improve runoff conditions and far surface irrigation. By the
beginning of the 18th century, larger dams had been built in the Harz
Mountains, and the last dams were built in recent years. Today, however, a
floodwater retention basin system located in the lowlands is preferred.

These water resource problems were increased in recent years by problems
of public water supply and improving conditions for the period of low flow in

the rivers as related to the need for irrigation water and improving the
guality of the water (pure water).

For these purposes, a dam such as that in the illustration is used. The
construction of the wall consists, in the lower part, of an arch dam and in
the upper part, of a gravity dam. The whole dam has a height of 240 feet and
a width of 26 feet.

3. Water Ways

In order to describe hydrologic relations, it is necessary to give an
account of artificial waterways. In West Germany, the network of waterways
has a total length of 1800 miles and consists of rivers, channeled rivers, and
canals, on which about 30% or 200 million tons of the total traffic volume, is
transported. At the present time, a number of canals are being improved or
constructed. One of the projects under construction is the Rhine-Main-Danube
connection -- 2200 miles in length -- which provides a waterway and enables
larger vessels to move from the North Sea to the Black Sea.

The construction of waterways alters the landscape considerably, but the
conditions for location of industries are improved. 1In several cases, it was
shown in Germany that because of the construction of waterways, the number of
persons employed in industry increased threefold in the so-called "wet" areas
as compared to the so-called "dry" areas untouched by the canal. The turnover
of industry became fourfold what it had been in "wet"™ areas and this fact has
natural consequences for water management.

In our example, the Middle-Land Canal crosses the northern part of
Germany. The Middle-Land Canal iz an artificial waterway system 320 miles in
length, (See Figure 5) It passes north of the central German mountain chain
and connects rivers such as the Rhine, Weser, Elbe, and Oder Rivers. The big
German rivers flow from south to north. A natural crossing link from west to
east is missing, and was created by the Middle-Land Canal, which was completed
in 1938, The canal system has been modernized and improved to meet the
steadily increasing requirements of traffic. At present, the remaining
sections of the canal are being improved to facilitate traffic with the
so-called "Europe vessel," which has a draw of 1350 tons. The total cost for
improving the whole canal system will be $370 million.

In the Southeast Lower-Saxony area, the Middle-Land Canal passes through
a summit pond, 40 miles in length, which is artificially fed by repumping the
water from the lower areas, where a surplus of water is available.
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Investigations were made to find out whether canal losses of 81,000 acre feet
(100 million m3) could be compensated by drawing water from the natural
water courses in Southeast Lower-Saxony. This, however, constitutes a severe
interference with the water resources, especially in times of droughts,

At present, a connection between the Middle-Land Canal and the North
Sea — the North-South Canal, 70 miles in length -- is under construction.
The summit pond of the canal system is thus increased by an additional 35
miles, The construction costs of the new canal are $160 million.

In order to save water, the Leichtweiss Institute proposed erecting two

ship elevators at the end of the reaches; the type of ship elevator shown in
the illustration will be built, (See Figure 6)

4. Water Power

There is a demand for electric power in West Germany of about 180 billion
kwh. The main part of the demand, the so-called base load, is more than B0%

of the whole demand and is generated by power stations using coal, peat,
natural gas, or nuclear power.

Water power is used to cover the base lcad only in the Alps, where rivers
with high discharges make possible an economic operation of river power
stations. An effective use of water power is gained by the use of steorage
power stations or pump storage stations to meet the demand in peak hours.

Generally, in Germany, the distance between a storage power station and
the center of power consumption is considerable. The capacity of such
stations is too small to meet the total requirements, and in addition to that
transportation through overhead lines causes high energy losses.

Nowadays, pumped storage generating stations are installed within a short
distance of the centers of electric power consumption. They are no longer
connected with major water courses. The plants are only bound to the minimum
hydraulic head, which does not exceed 500 feet (the elevation difference
between the two basins).

In Germany, pump storage stations have been in operation for several
decades. Their construction has been steadily improved; especially, the time
required to reach full load operation has been shortened to 1.5 minutes. This
time is very essential in avoiding blackouts. Because of this technique,
major blackouts are almost unknown in Germany. Today there are 33 larger
power plants in Germany with a total of 2,255 MW. A further plant, generating
880 MW, has reached an advanced stage of planning.

In Southeast Lower-Saxony, there is also a pumped storage generating
station with a capacity of 220 MW which is available for the compound supply
network within 60 seconds of starting time. (See Figure 7) There is no
connection either from the upper basin or from the lower basin to a natural
watercourse. Losses caused by evaporation and infiltration from the basins
having a surface of 14 acres amount to 3 cfs (100 L/sec) and are replaced by
taking water from the bypassing river., The long-shaped form of the lower
basin situated in the flood-plains was one of those tested by an hydraulic
model at the Leichtweiss Institute.
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5. Water Supply

Analysis and prognosis of the economic situwation in a development area
permit the assessing of tendencies which will determine future reguirements of
water resources in the field of water supply, flood control, sewage disposal,
and recreation.

The water demand is connected with the degree of industrialization, and
may differ in a development area.

In larger and relatively equally populated agglomeration areas, the river
with the higher discharge is used for the supply of fresh water stored by dams

or infiltration of surface water into the groundwater. The river with the
lower discharge received the treated sewage water.

Examples can be given in Germany in the Ruhr River basin and the
neighboring Emscher River basin, where there are 4,500 million gallons (17
million m3) sewage water and 185 million gallons (700,000 m3) dry sewage
sludge each year. Central Wurttemberg and the Stuttgart area are supplied
with 50 million gallons each day by a pipeline 100 miles in length coming from
Lake Boden. The sewage water is carried by a culvert system into the Neckar
River.

Conditions are similar in Southeast Lower-Saxony, where rivers rich in
water from the Harz Mountains are used to provide water supply; and the
neighboring smaller rivers, passing through the northern extensions, collect
the treated sewage water,

From the standpoint of the water supply in the area to be developed,
there are two different regions, the South and the North. Some figures may
jllustrate these facts: in the southern part, 74% of the inhabitants used a
central water supply system in 1948; and by 1963 this group was increased to
96.6%. In the northern part, in 1963, only 64% of the inhabitants had access
to a central water supply. The average for West Germany amounted to 88% at
that time. (See Figure 8)

In West Germany, the total demand for water from the public supply system
reaches some 3,700 billion gallons (14 million m3) for private and
industrial use, the latter consuming 2,800 billion gallons (1,700 million
m3) of the total. The annual increase rate was 2% in the last few years.
The average consumption by households and excluding industries has at present
a value of 30 gallon/inh,day (110 1/ET).

The annual investments in the public water supply approach a total of
about $250 million, which averages out to one cent per 22 gallons of water.

In the example of Southeast Lower-Saxony, the present average demand for
water for domestic and industrial use is 26 billion gallons a year (105

million m3/year), which equals a total specific water demand of 66 gal/inh.
day (250 1/ET). (See Figure 9)

Underlying the assumptions mentioned so far, and the expected evolution,

the total demand for water will reach 80 gal/inh. day (300 1/ET) in the year
2000,
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The total demand for water will be 45 billion gallons a year (170 million
m3/year} by the year 2000. That represents an increase of 70%, mainly
because of a greater demand for water for domestic use; while the water used
for industrial purposes will increase only slightly because of improved
systems of water circulation in industry.

In addition to water demand, the water resources available for economic
utilization can also be roughly assessed.

In West Germany, the annual precipitation has a volume of 160 million
acre feet (200,000 million m3), from which 70 million acre feet (90,000
million m3) are added to the surface runoff and 90 million acre feet
(110,000 million m3) are lost through evaporation and transpiration. The
total water supply, including the provision of cooling water, requires 11
million acre feet (1,400 million m3), of which 2.40 million acre feet (3,000
million m3) are lost due to evaporation. The main problem is to produce
water of good quality at specific places in a sufficient quantity. This can
be solved only after detailed investigation.

In the example, the demand for future irrigation water is covered by
drawing upon rivers or from the North-South Canal, which can supply irrigation
water taken from the Elbe River., Besides these resources and the extension of
existing plants, there are no other sources of surface water. Groundwater, as
a resource, however, is available to the extent of 8.5 billion gallons (32
million m3), (See Figure 10)

The capacity could be increased manyfold if a retention basin of 80,000
acre feet (100 million m3) were constructed as a infiltration basin. This
project, however, requires a certain quality of water which cannot be
guaranteed at present.

Accessible surface water stores with a total volume of 10 billion gallons

(38.7 million m3), available only in the Harz Mountains, can be used by
constructing new dams.

The withdrawal of fresh water from the existing dams should be deferred
as long as possible, at least as long as other measures for upgrading the
quality of river water remains effective. This is necessary to maintain
normal biological conditions in the river and the possibility of obtaining
drinking water by infiltration from the rivers into the ground water area.

The quantity of water demanded in the year 2000 will amount to 19 billion
gallons a year (72 million m3/year) as compared with the economically
available water supply of 20 billion gallons a year (76 million m3/year).
In the year 2000, the demand will reach the present available supply. Meeting
water demand in the future will be possible only through using groundwater and
having reservoirs in which to store surface water. (See Figure 11)

The total water supply in future has to be based on having an adequate
compound network which can supply all larger coherent communities with water
of good quality and sufficient quantity. (See Figure 12)

In the year 2000, the water supply cannot be safe without a compound
network based on a long-distance pipeline., The measures necessary to meet
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these demands require investments of $232 million. (See Figure 13)

A long-distance circuitline used in conjuction with large waterworks has
the following advantages:

1. Sufficient water supply of satisfactory quality can be quaranteed
even during droughts.

2. Large scale landscaping measures are mnade possible by combining
geveral components of water management. If, in this case, the guantities
supplied by the individual large waterworks are seasonally regqulated, it
might be possible to hold the groundwater table for the waterworks on a
favorable level during the cro