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FOREWORD

The amount of natural resources is finite but as human population
doubles itself every 25 years the consumption of these resources is not only
accelerated but also brings in its wake the problem of disposal of waste-
products. Water js a natural resource. It is essential for consumption, irriga-
tion and industrial purposes, but its use is threatened by persistent and con-
tinuous pollution. The problem of controlling population, increasing pressure
on consumption of natural resources and control of pollution will become
dangerous points for stress and conflicts in the next 50 years if there is no
attempt to promote understanding and international regulation throughout

the world.

This Regional Workshop under the joint sponsorship of the Science
Council of Singapore and the National Academy of Sciences of the U.S.A.
Is opportune as it deals with contemporary problems vital to governments

and their nations.

Dr. Toh Chin Chye
Minister for Science & Technology
Singapore
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INTRODUCTION






WORKSHOP ARRANGEMENTS

PURPOSE OF HOLDING THE WORKSHOP

The Workshop was organised under the joint sponsorship of the Science
Council of Singapore and the National Academy of Sciences of the U.S.A.
Its main purpose was to focus attention on current problems of water
resources and the environment faced by countries of the South-east Asian
region, and stimulate regional co-operation in seeking solutions.

DATES AND VENUE

The Workshop discussions were held from March 13th to 17th, 1972
at the Singapore Conference Hall, Shenton Way.

ORGANISING COMMITTEE

Chairman
Dr. Lee Kum Tatt

Social Subcommittee Technical Subcommittee
Chairman Chairman
Dr. Lee Kum Tatt Hiew Siew Nam
Members Deputy Chairman
Miss Chow Miew Boey Dr. Ang How Ghee
Ng Chon Choo
Kenneth Seah
Members
C.R. Ananthan Dr. Chua Yong Hai
Chang Kin Koon Dr. Goh Ewe Hock
L.D.J. Chelliah Dr. Koh Thong Sam
Assoc. Prof. Chin Kee Kean Capt. Kuttan C.
Chou Tai Choong Lye Thim Fatt
Chua Peng Chye Sung Tsoong Tuh
Staff Representatives

National Academy of Sciences of the U.S.A. — John C. Hurley
Science Council of Singapore — Khoo Hun Hock & Miss Chan Joo Phek



PARTICIPATION

Besides Singapore, the Regional countries represented were: Indonesia,
Malaysia, Philippines, Thailand and Vietnam. As the National Academy
of Sciences of the U.S.A. was a joint sponsor, participation by American
experts in these fields was made possible. France, Japan, Sweden and the
United Kingdom also sent representatives. A complete list of Workshop
registrants is given in Appendix IV.

WORKSHOP PROGRAMME

On the first day, an Opening Ceremony was held followed by the
First Plenary Session. The Workshop then split up into three Working Groups
which met concurrently for the next three days. On the fifth day, the Final
Plenary Session was convened, and the Workshop brought to a close.

The various topics were discussed in the order indicated in Section B,
Working Group Summaries.

OFFICIALS

Chairman — Mr. Hiew Siew Nam
Co-Chairman — Prof. Gerard A. Rohlich

The names of the Convenors, Discussion Leaders and Rapporteurs for
each Working Group are given in the respective Working Group Summary.



OPENING CEREMONY

OPENING STATEMENT BY DR. LEE KUM TATT
Chairman, Science Council of Singapore
Chairman, Organising Committee

Mr. Lim Kim San,

The Hon. Minister for Education and Chairman of the Public Utilities Board,
Your Excellencies,

Distinguished Participants and Guests,

Ladies and Gentlemen:

On behalf of the Science Council of Singapore, I would like to extend
to all of you a very warm welcome to the Opening of this Regional Workshop
on Water Resources, Environment and National Development. This Work-
shop is jointly sponsored by the Science Council of Singapore and the U.S.
National Academy of Sciences of the U.S.A. — I must say to our distin-
guished guests that your presence here in Singapore has already enhanced
our environment.

During the next few days the Workshop will be discussing very impor-
tant issues on the interaction of water and the environment and their effects
on national development. These issues are not confined to the boundaries of
the countries we represent but they are common crucial problems which will
affect the v ogress and development of this region as a whole. It has been
estimated that during the 1970-80 decade the urban population of this
region will increase by 50%. The consequences are that existing water supply
facilities will not be adequate to meet the expanding needs. More water will
be required for irrigation, domestic use and for the fast growing and expan-
ding industries. It has also been estimated that some S$120 billion would
have to be invested in water resources development to meet this need in the
ECAFE countries. Careful long term planning and development programimes
are therefore required if these expanding needs for water are to be met.

Rapid industrialisation has brought economic benefits to many people
in the region by providing them with jobs and a better livelihood., However,
industrialisation has also created the problem of pollution; pollution of the
air and pollution of our streams, rivers and seas. In this Workshop we shall
confine ourselves to the pollution of our water resources. Much of the wastes
which include sewage sludge, industrial wastes, construction and demolition
debris, chemicals and miscellaneous materials and oil spills contain materials
that have a number of adverse effects and many are toxic to human and
marine life by depleting the oxygen necessary to maintain the marine eco-
system. I do not have to overstress the importance of eliminating or control-
ling pollutants harmful to man. Pollutants which kill fishes or reduce their
population can cause serious economic porblems to the fishing industries
and the fishermen in our countries.



The problem of the environment and national development is therefore
a very complex one. While the technology for the production of marketable
goods is very well developed, the technology for disposing of the wastes
produced by the manufacturing processes is still in its infancy. This is so
because until quite recently there is no money to be made in the latter tech-
nology, i.e. the technology of getting rid of wastes. Economic pressures per-
mitted the uncontrolled dumping of these wastes, thus causing all kinds of
pollution. The enormous gap that exists between the two technologies have
therefore created this pollution problem.

It is true that many of us from the developing countries are pre-occupied
with the acceleration of economic growth and industrialisation. These pres-
sures may make some of us view with suspicion any suggestion that these
economic efforts or activities be restrained because of possible pollution
effects. How much pollution a country is prepared to accept in order that
the country’s economy could be diversified is a decision for the politicians
in the Government to make. Some of us are of the view that whilst we should
not relax our concentration on diversification of our economies through
industrialisation, early recognition of the importance of proper utilisation of
our natural resources with a view to maintaining the quality of the environ-
ment and the quality of life will in the long run bring about more lasting
benefits.

Therefore as scientists and technologists we feel that it is our duty to
make our governments aware, without causing unduc hysteria, of the serious-
ness of some of the environmental problems, and very likely our governments
will face up to these problems and act. Some of our governments may pro-
bably like to know what institutions should be created before they can act
and how to act. Some of these institutions are already in existence in some
countries. Probably we may need a regional institution or organisation to
assist in the co-ordination of activities and help find solutions to common
problems of the region in environmental control. This I hope will be one of
the topics this Workshop will discuss.

In Singapore we have our share of water and environmental problems.
With a population of over two million people, living on an island of 583
sq. km., it is not difficult to see that our main environmental problems arise
from the scarcity of land and indigenous water resources. Incompatible land
use and the consequential difficulties in waste disposal will give rise to
pollution of our waterways. Rapid industrialisation and an increasing popula-
tion, although at a relatively low rate of 2 per cent per annum, due to the
successful implementation of our family planning programme, have necessi-
tated the formulation of plans to increase our water supply by tapping sub-
surface water or by recycling treated water for industrial use. Strict measures
to control pollution of the environment are therefore absolutely necessary.
In Singapore, control of environmental pollution has become everybody’s
business. There is active participation of the population in *‘Keeping Singa-
pore Mosquito Free”, in ‘“Making Singapore a Clean and Green City”, and
now the campaign is on in “Making Singapore Pollution Free’, Control of
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this nature will no doubt conflict with certain individual interests, but this
should not serve as an excuse for us not to act. In any society every indivi-
dual has his share of social responsibility to carry if that society is to survive.
All these measures are necessary to preserve our environment and to improve
the quality of life which we all strive so hard to achieve. I am sure in other
countries in the region, as a result of increasing urbanisation and industrial-
isation, similar problems of water supply, waste disposal, pollution of the
environment do exist. These problems are highly complex and they may
have different priority levels in different countries.

One of the questions very often posed to us is that we do not know
enough about environmental conditions to enable us to take defini.e and
positive actions. Our knowledge of the problems may be inadequate and it is
necessary to act with prudence, but we would be grossly at fault if we fail to
find out, at least what we do know about the environment. You will no
doubt agree that the people within our region normally have a betier insight
into the problems of the region and it is through regional workshops such
as this one, that cross-fertilisation of knowledge and experience amongst its
participants can be made possible. We are also very fortunate to have with us
many distinguished scientists and engineers from the developed countries,
including the United States of America, Sweden, France, Japan and the
United Kingdom participating in this Workshop. Their knowledge and
experience will be invaluable to us in the efforts we are making to try to
find solutions to our problems.

I am sure the discussions that are about to take place in the next few
days will be extremely useful and it is hoped that at the conclusion of this
Workshop, we would have achieved the objectives of:—

(i) f’ormulating strategies and action programmes for the
integrated use and prevention of pollution of water
resources in the region,

(ii) E’s.tablishing criteria and procedures for the selection of
priorities for research on water and pollution problems;

(iii) Strengthening the role of scientists and scien tific institutions
through the region in planning a more effective use of
water resources,

(iv) Developing practical findings to guide decision-making in
the planning units and relevant departments and ministries
of participating countries; and last but not least,

(v) Encouraging regional co-operation on problems of
protection and improvement of the environment.

On behalf of the Science Council of Singapore, I would like to thank

the Minister, Mr. Lim Kim San, for having kindly consented to officiate at
the Opening of this Workshop. I would also like to thank all of you for
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coming here this morning. To our foreign guests I hope you will have an
enjoyable time in Singapore and that you will find your stay in Singapore
worthwhile. The Science Council is very honoured to have so many respon-
sible people like yourselves here to discuss such important issues in a regional
context. Although it may be the first Workshop of its kind in Singapore, I
feel confident that this Workshop will be the forerunner of many more to
come. The succeeding workshops will probably be held in other capitals of
the countries in the region.

I would also like to take this opportunity to thank each and every
member of my organising committee and sub-committees, the Asia Foun-
dation and all those who have given us support without which this Workshop
would not have been made possible. In conclusion, I wish the Workshop
every success.



OPENING STATEMENT BY PROF. GERARD A. ROHLICH
National Academy of Sciences of The U.S.A.
Co-Chairman of the Workshop

Honourable Minister, Mr. Lim Kim San,
Dr. Lee,

Members of the Conference,

Ladies and Gentlemen:

It is a very distinguished honour and privilege for me to be here to
speak on behalf of the National Academy of Sciences of the U.S.A. First of
all, I bring you greetings from Dr. Philip Handler, President of the National
Academy of Sciences and from the Foreign Secretary, Dr. Harrison Brown.
I think it is particularly significant that the Science Council of Singapore and
the National Academy of Sciences of the U.S.A. have joined hands in spon-
soring this particular Conference.

I wish to draw atlention to some significant points with regard to the
Conference which appear obuvious. First, the word “‘environment” is added.
I believe that not many years ago if this Conference were held in Singapore,
New York or in any other city or country the title would be “‘Water
Resources and National Development™. Now it is “Water Resources,
Environment and National Development’. This is a reflection of the interest
of the public. It is a reflection that in the past few years there has developed
great public concern over development and the environment, whether it be
development of water resources or other natural resources that a country
may possess.

Another significant poinl is seen in the various papers presented.
There is a relationship indicated in many of the papers that scientists and
lechnologists no longer are considering science and technology onlv as the
wherewithall to accomplish specific goals, but are realising the necessity
for making inputs to the economic, social and political aspects of particular
problems. We must realise that this responsibility has come perhaps only
recently from the scientific community in realizing the relevancy of their
scientific and technological work to environmental impacts. This is a
particularly significant development, and one we can explore in the many
facets of this particular conference where we will have our attention directed
to technological assessment. In the prelimary steps the problem is tackled
but the secondarv and tertiary cffects that arise from technology and
resources development must be evaluated.

Again it is indeed a pleasure to participate and I look forward to this
Workshop — a busy one I am sure, and with the promise of being a very
fruitful one, particularly in view of the excellent programme that has been
arranged by the Science Council of Singapore.

Thank vou.



INAUGURAL ADDRESS BY MR. LIM KIM SAN
Minister for Education and Chairman of the
Public Utilities Board

Mr. Chairman,
Distinguished Participants,
Observers and Guests,
Ladies & Gentlemen:

The Chinese say that water is the source of wealth. It is more than that
— it is the source of life itself. For billions of years after our planet was
formed, it was incapable of sustaining any form of life. It was only after
the earth had been cooled by torrential ruins for thousands of years and
the oceans and rivers had formed that life in its simplest form emerged.
Many more millenia passed before the ancestors of modern man appeared
on the scene. The first human settlements were invariably located along
river banks, close to a supply of water. Today, after many civilisations have
come and gone, we are no less dependent on water for our survival than
our primitive ancestors.

And vet, in cities throughout the world, the instant availability of water
is something that is taken for granted. Everybody expects water to flow out
of a tap. No thought is given to the source of supply at the other end, to the
huge investments of money and manpower required to maintain this service.
Worse still, a great deal of water is wasted unnecessarily and measures to
combat wate, pollution receive scant public support. Water has become so
much a part of everyday life that no one pauses to consider what would
happen if the taps suddenly ran dry.

Water is not the only thing we cannot live without. Clean air is another.
If the air we breathe is no longer fit for breathing, then all human activity
becomes meaningless. Why talk about development or GNP or peace or inter-
national understanding when the human species is threatened with extinc-
tion?

Within the last 100 years or so of his 50,000 years on earth, Man has
acquived the power to change his environment. So far, the changes have all
been for the worse. These changes have been brought about mainly by the
greatly increased use of energy in recent times. According to one estimale,
half of all the energy consumed by Man in the past 2,000 years has been
consumed in the last one hundred. Coupled with the explosion in population
and knowledge and the scientific and technological breakthroughs, this
enormous expenditure of energy has produced a variety of goods and services
for human consumption. In the process, Man has produced immense quan-
tities of waste which he finds increasingly difficult to dispose of. He piles it
up on land to desecrate the countryside; he spills it into rivers and lakes and
seas to pollute the waters; he discharges il into the air to poison himself.
Perhaps too late, Man has awakened to the fact that he cannot upsel the
cycle of life without paying for the consequences. This rapid deterioration
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in the quality of life has in recent years caused worldwide concern, to the
extent that the United Nations will be convening an international conference
on the human environment in Stockholm in June this year.

In my opinion it is a mistake to think that environmental quality
concerns only the highly industrialised nations, that pollution is a disease
peculiar to the developed countries, and that developing countries have more
urgent problems to solve than problems of the environment. On the con-
trary, developing nations, embarked as they are on major schemes of
development, should consider each and every scheme in terms of its impact
on the environment. They have the unique opportunity of learning from the
mistakes made by the developed nations. They are starting off with a clean
sheet. In the long run, prevention is not only better, but also cheaper,
than cure.

The purpose of the Workshop we are engaged in is to identify the
problems of water resources in particular, and of the environment in general,
in relation to national development. We have among us distinguished partici-
pants from many Southeast Asian nations who are in a position to influence
their countries’ future; we have scientists of international repute who are
specialists in various fields of environmental science; we have keen observers
from international agencies and private foundations who have the necessary
resources to provide assistance to regional projects to preserve and conserve
the environment. To all these important people, I extend a very warm wel-
come to Singapore. I hope that your discussions will be both stimulating and
fruitful, and your stay both beneficial and enjoyable. With such a meeting of
minds, I have no doubt of a successful outcome.

I now take great pleasure in declaring open the Workshop on Water
Resources, Environment and National Development.

1"



PLENARY SESSIONS

The First Plenary Session was held on the first day to spell out the
problems, and the Final Plenary Session on the last day to adopt the
recommendations made.

At the First Plenary Session, the Workshop Chairman, Mr. Hiew Siew
Nam introduced the subject and named the Workshop objectives. Keynote
addresses were then presented by Mrs. W.S. Srimoerni Doelhomid (on
behalf of Prof. J.A. Katili (Head of the Indonesian delegation), Dr. Pradisth
Cheosakul (Head of the Thai delegation), Prof. Gerard A. Rohlich (Head
of the U.S. delegation and Workshop Co-Chairman) and Mr. Khong Kit Soon
(Member of the Singapore delegation). Texts of these addresses may be
found in Appendix L

The Final Plenary Session saw the formal adoption of recommendations
made as a result of the Working Group discussions. These recommendations
are given on page 29 of this report.

WORKING GROUP SESSIONS

Working Group Sessions were held on the second, third and fourth days
of the Workshop. Three Working Groups were in session concurrently, each
concerned with discussion on papers contributed in the following areas:—

Working GroupI  — Water Resources
Working Group II — Water Pollution
Working Group II1 — Critical Problems of the Environment

The Working Group proceedings are summarised in the next section
of this report. Abstracts of papers contributed may be found in Appendix II.
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WORKING GROUP |
WATER RESOURCES

Convenor: Chong Koon Kee (Malaysia)

Discussion Leaders: Assoc. Prof. Gene E. Likens ( US.A.), Prof. Raymond
C. Loehr (US.A.), James K. Rice (U.S.A.), Gordon G. Robeck (US.A.),
Sung Tsoong Tuh (Singapore), Prof. Gilbert F. White (U.S.A.).

Rapporteurs: Chang Kin Koon (Singapore), George F. ‘Worts (U.S.A.).

TUESDAY, MARCH 14, 1972 — WATER SUPPLY AND DEVELOPMENT
OF RESOURCES

Water Requirements

Water is required for domestic, industrial and agricultural uses. It is
difficult to estimate the water demand for each of these uses. Some factors
that need to be considered in projecting demands are: population growth,
increasing social affluence, minimum social and health requirements, change
in water rates, improvement in technology, industrial growth. In the case of
agricultural water, planning may be based on land area and available water

supply.

Urban areas have a higher standard of water supply compared to rural
areas. However, water needs in expanding suburban areas are not being
catered for. A problem in water planning lies in the population migration
from rural to urban areas. It is difficult to estimate water requirements in
relation to this move.

Availability of Water

The sources of water supply are: surface water, groundwater and cloud
seeding, each with certain limitations.

Groundwater development in Singapore is not very promising, but may
constitute a substantial source of supply in other Regional countries and
should be evaluated. However, there is a lack of expert groundwater geolo-
gists in the Region. As a source of water, cloud-seeding is of questionable
value although it has been used to clear fog from airports and has been
experimented with for the control of hurricanes. If floodwaters of rainy
seasons can be conserved for use during dry seasons, this would provide
another source of supply.

Land use affects water loss and surface run-off. When forests are cleared,
surface run-off increases by 20-40% but water quality deteriorates.
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There is a need for adequate hydrologic network for the planning of
flood control, long term supply, reservoirs, dams, bridges and other struc-
tures. Water quality and sediment stations are also needed at the sites of
gauging stations.

Development of Water Resources

In some countries, too many departments are involved in water manage-
ment, resulting in difficulties in water planning.

Floods are problems in many areas. Multi-purpose dans and dikes can
be used for flood control. Adequate flood warning systems are also needed.
It is desirable to separate storm water from sewage so that the former can be
cleaned up for use.

Sedimentation of lakes and channels can destroy fisheries. In Malaysia,
the relation between land management and sedimentation is being studied in
an experimental watershed.

Off-channel storage has certain advantages. In areas which are flood-
prone during rainy seasons and have low flow during dry seasons, storage
reservoirs should be provided in upland areas and soil conservation carried
out. This would be a partial solution towards the problems of finding the
most economical way of developing such water resources Barriers can be
constructed in coastal areas to prevent contamination of rivers and aquifers
by salt water.

Water loss by evaporation can be controlled by using mono-molecular
films. However, the success that has been achieved so far is only moderate.

WEDNESDAY, MARCH 15, 1972 — WATER QUALITY, RE-USE AND
MANAGEMENT

Water Quality

Water quality can be defined by physical, chemical and biological
parameters. Varying standards for water quality have been adopted by
different countries due to different interpretations of what constitutes pure,
wholesome water, and also to attempts to supply this water at moderate cost.
Certain standards have been set by the World Health Organisation which are
followed in most of the Regional Countries.

In the United States, different criteria for water quality are adopted
for the different uses to which water is put. Here the standards of drinking
water need to be updated and upper limits set for pesticides, mercury, etc.
In the case of industrial water, quantity is more critical than quality because
modern technology is able to upgrade quality to the desired level. The type
of industrial processes and products are important determining factors for

16



the quality of industrial water. The quality of water intended for agricultural
use however, depends on the type of crops being grown.

DDT and other pesticides are known cor.taminants of water. The effect
of DDT on human beings when absorbed through the food chain is so far
known to be only minor, but the effect on the ecology might be consider-
able. Mosquitoes, for example, build up an immunity towards DDT and
other pesticides have to be employed.

One of the ways in which water supplies may be polluted is by per-
mitting reservoirs to be used as recreational areas as well. Good judgement
and proper contro! in this case have to he exercised. Pollution may also
occur when there are undesirable biological growths in the pipelines that
carry water supplies.

In the treatment of water, there is a need to organize treatment
techniques in Regional countries. Sometimes water has to be given complex
treatment to render it safe for consumption because of chemical waste
discharge not only from industry but also from private households. It is
desirable to group together water systems in order to achieve better water
management and more efficient operations. Personnel should also be trained
to manage and operate treatment plants and their status raised.

Re-use of Water

Water should be re-cycled on a “planned re-use’ basis, with water of
varying qualities used for different purposes. Dual supply systems can be
provided in which salt water can be supplied for non-potable domestic uses.
In Singapore, it is planned to use reclaimed water for toilet flushing in the
new flats of Jurong Town. It is estimated that in Britain, about 11 gallons of
water out of 31% gallons used per head per day in households, is for the
flushing of toilets.

Desalination

Desalination is now in wide use and is expanding. Scientists are actively
engaged in the design of very large plants, the largest now in operation having
a capacity of 10 mgd. The reverse osmosis unit is being studied for wide
usage in small installations, and promises prospects for water reclamation.
The cost of potable water produced by desalination techniques is constantly
decreasing as the technology improves.

Economics

Economic analysis, commonly expressed as a benefit/cost ratio is a
necessary step in securing funds for water projects. Unfortunately, many of
the benefits cannot be expressed in monetary terms. Cost analysis involves
choice of alternatives, and often this is over-ridden by political aims. The
whole subject of economics is now complicated by environmental impact
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evaluation. The World Bank which expects a modest rate of return from
projects, supports consideration being given to social benefits in project
feasibility evaluations.

Funds loaned for rural water supply projects should not be expected to
realise immediate financial returns, but should be considered as a social
service to improve the health of the community, thereby uplifting the
overall national economy. Self-help schemes, whereby the local population
contribute free assistance, can be used to develop water supplies for small
communities, thus reducing the amount of capital investment. This has
already been done in some countries.

Priority of need is an important factor in the allocation of funds for
water projects in hydro-electric power, agriculture, public supply, etc. Efforts
should be made to plan projects for multi-purposes.

Water Resources Management and Planning

The main objective of water management and planning is to encourage
the efficient use of water and reduce pipeline losses to a minimum by waste
detection systems. In Singapore savings were achieved by reclaiming back-
wash water, and attempts made to catch and collect as much rainwater as
possible. Singapore, Hong Kong and Israel are acknowledged leaders in the
use of all possible sources of water supply. Compilation of an inventory of
all available water resources is an essential step in water planning.

Co-ordination is essential among all agencies involved in water planning
development and management. The Water Resources Council was formed in
the United States for the purpose of co-ordinating water planning for both
short and long term uses. Its function is also to co-ordinate the activities of
all water and related government agencies in the United States, as well as to
create a river basins commission. Several countries indicated that similar
bodies have been formed in their countries.

THURSDAY, MARCH 16, 1972 — EDUCATION, RESEARCH AND
TRAINING

Education and training for professional and sub-professional staff
engaged in water resources development should cover other related sciences
such as social and biological sciences. Research on water resources develop-
ment should also be conducted to solve new problems such as the collection
and treatment of polluted raw water, and the re-use of treated water. In the
United States there is a lack of training programmes for sub-professional
staff, but this will be rectified in the nexi 5-year training programme.

Many students from Regional countries failed to return to their own

countries after training in the United States and other western countries.
The resultant “brain drain” problem has been solved with some success in
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the United States, by providing training only in selected fields for foreign
students,

The need exists for the establishment of a regional training programme
for environmental control including air pollution, for the Region. Training
facilities could be set up within the Region. Oil companies would be pre-
pared to support such a regional training programme. Training and research
programmes must however be geared to the needs of each individual country.
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WORKING GROUP i
WATER POLLUTION

Convenor: Bienvenido N. Garcia (Philippines)

Discussion Leaders: Assoc. Prof. Gene E. Likens (U.S.A.), Lye Thim Fatt
(Singapore), Prof. Donald J. O'Connor (US.A.), Prof. Daniel A. Okun
(US.A.), James K. Rice (U.S.A.), Prof. Gerard A. Rohlich (U.S.A.).

Rapporteurs: L.D.J. Chelliah (Singapore), Prof. Donald J. Hood (U.S.A.),
Wong Yew Kwan (Singapore).

TUESDAY, MARCH 14, 1972 — WATER POLLUTION AND CONTROL
IN INLAND WATERS

Necessity for Water Pollution Control

Water pollution control is fundamental to the sound development of
any country. Despite this generally accepted principle, clean water is often
neglected in the interest of more visible activities such as construction of
buildings, roads, schools and public edifices. Since prevention of pollution
is more satisfactory than elimination, it is important that the often apathetic
attitude of emerging nations about pollution be corrected early lest serious
health and water resource problems arise. Delay in doing this can result in
the costs of correcting heavily polluted water courses increasing to levels
that may be beyond the ability of the people to pay.

Pollution correction and abatement must begin early in a nation's
industrial development history. High priority at all levels of government
must be given to water pollution and waste management if a country wishes
to assure continued growth and a high quality of life for its people.

Treatment of Sewage

Inexpensive, easily maintained waste disposal methods for the develop-
ing countries are a necessity, since sophisticated treatment plants are
expensive to build and require highly-skilled personnel to operate. Even if
such personnel is available, they are usually involved in other high priority
problems of the country. Fortunately much can be done to guard against
pollution by using simple land- and labour-intensive abatement systems.
Such systems should be utilized at the early stages of devleopment.

As industrial development progresses and population centres grow,
it will then be necessary to move ahead towards fully-integrated waste
treatment and disposal systems. Large central facilities for treatment of
compatible industrial and municipal wastes, rather than proliferation of
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many smaller plants are usually desirable. The large plants can operate more
efficiently and also have the advantage of being able to employ more
highly-skilled personnel. It will, nevertheless, always be necessary for indus-
trial plants to treat their own wastes to a level compatible with the require-
ments of the central treatment plant, and to accomplish the maximum
benefits from waste recovery and re-cycling procedures. Plants should be
designed to maximize water re-cycling with a high quality effluent compo-
nent which will meet potential effluent standards that may be imposed.

Standards for Effluent Water

Standards for effluents should be set by every developing country or
group of countries in co-operation with industrial, academic and government
representatives. Much help in setting these standards can be obtained from
developed countries but the standards set should be tailored to the situation
of each locality. Blanket standards for large regions may be administratively
attractive but are usually environmentally unsound. In setting standards,
every effort should be made to regard the entire water-course, bay or estuary
as a system with special consideration given to potential water use.

Standards should be realistic and should strive to give maximum cost-
benefit to the community. Once standards are set they should be changed
according to new information and water quality needs, but changes should
be orderly so as to provide sufficient time for phasing into the new program,
without imposing unreasonable financial hardships on those who must
comply. Standards once set must be fully enforced.

Instilling Public Awareness

High quality water resources in any country is only brought ahout by
constant vigilance and total public awareness of the importance of water to
the quality of life. Public health education at all levels is probably the most
effective way to ensure the maximum potential utilization of any country's
water resources. The developing countries should now begin to educate their
people and avoid many of the pitfalls faced by the developed countries.

WEDNESDAY, MARCH 15, 1972— OIL POLLUTION AND SEA
POLLUTION
Slop Oil

The various methods of treating slop oil were discussed. The residual
sludge could be disposed of by incineration or landfill.

The dangers of untreated discharge were recognised, and the need for
ports to provide slop oil disposal facilities was stressed. It was noted that in
providing such facilities, major costs incurred would be in building and
maintaining the necessary quays and wharves.
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Discharge of Sewage into the Sea

It was suggested that the standard of discharge should vary according
to what use the sea is put, and that it should not give rise to offence. Based
on studies and data collected, mathematical models can be constructed to
determine the best locations of waste discharge points.

As nutrients are not appreciably removed by inland works, there should
be no necessity to remove them from discharges into sea. Studies in the
Region indicate that marine life is not affected by effluent from treatment
plants handling domestic sewage. However, there was concern over the
impending discharge from plants which would treat toxic industrial waste.

Standards for Discharges into the Sea

In setting standards, there is a need to understand the assimilative
capacity concepts of receiving waters. Otherwise, it will be necessary to
establish standards based on worldwide experience in order to initiate
pollution control measures.

Authorities might tend to establish standards on the conservative side,
whilst industry might choose more liberal requirements.

The period for introducing and enforcing pollution control require-
ments is important, as industry is concerned about possible early amend-
ments which will necessitate the premature writing-off of expensive
equipment.

The control technology available should be reviewed regularly, and
there should be a realisation of the enforcement personnel required. It was
noted that standards should be set to achieve realistic objectives, and should
be capable of being easily administered.

It was also suggested that for industry, standards should be based on
the quantity of pollutant per unit of product.

Handling of Oil Spills

The need for regional co-operation was recognised, and the important
recommendation made that a regional environmental control organisation
be set up. There was a need for the regional countries to act immediately,
and to formulate emergency measures.

The recruitment of all possible resources from neighbouring Regional
countries is more economical, and the combined effort will achieve better
results. The need to waive normal customs and immigration procedures in
this connection was stressed.

It was noted that mechanical methods were more suited for calm waters,
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whereas dispersion methods should be used in rough seas with strong winds
and large waves.

It was emphasised that proper pre-planning to determine possible areas
of accidents, the condition of the sea, and the type and quantity of standing
equipment and materials required to handle the size of spill envisaged, would
result in successful operations.

It was also mentioned that certain types of spills, such as “white oil”
were not worth handling. It was also pointed out that there is much literature
on this subject which could be easily made available.

THURSDAY, MARCH 16, 1972 — EUTROPHICATION AND OTHER
BIOLOGICAL PHENOMENA

Phyto-Plankton Distribution

Some work has been done on the tolerance levels of chemical nutrients
in water in relation to algal bloom. The findings are limited as they covered
only the relationship between phosphate levels and phyto-plankton distri-
bution. Water samples from Seletar, Pierce and MacRitchie reservoirs in
Singapore indicate that blue-green algae dominated in the more eutrophic
water of Seletar Reservoir. The probable cause of this has been attributed
to its higher phosphate levels. This in turn is possibly due to farming
activities as well as synthetic detergents. Nitrates were discounted as a
possible cause because there did not appear to be any correlation between
nitrate levels and algal bloom.

As some rain waters are known to contain a very high proportion of
various chemical radicals such as phosphate, sulphate and nitrate, they should
be analysed. Near the Jurong Industrial Estate in Singapore, the sulphate
values of water samples were relatively higher than normal, and could be
due to the sulphur dioxide in the industrial aerial effluents.

Blue-Green Algae

Blue-green algae were observed to be formed in fresh waters in Singa-
pore although they are calcium-poor and of low pH. Algae predominantly
of the Anabaenoid group can proliferate when fish are fed in ponds.
Control of Plankton Population

It should be borne in mind that it would be much better to prevent the
creation of environmental conditions favourable for bloom formation rather

than remedy the ill-effects of algal blooms. Amoebae are possible predators
of the blue-green algae. Fish culture can also help in controlling the algae.

Results of studies should eventually lead to the formulation of raw
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water standards. However, instead of looking at factors one at a time, a
multivariate analysis (e.g. Principle Component Analysis) was needed for
the study of many factors and organisms at the same time. Such an analysis
would eventually reveal all the component factors at work leading to the
proliferation of undesirable algae. From this tolerance levels for different
nutrients can be set. This analysis can be applied to data on plankton
population and nutrient levels of a body of water which has been pro-
nounced impotable,

Mariculture

Various prujects have been undertaken in Singapore to study a red
seaweed of commercial importance, a local oyster, a green mussel and a
local marine fish (Chanda kopsii). 1t is hoped that the organic pollutants
would provide nutrients for commercially important marine organisms.
However, ecological conditions may be changed by channelling industrial
effluents into the sewers as they will eventually find their way into the
coastal waters.

Harmful Effects of Water Pollutants

In Vietnam, following complaints of fish life having been affected by
polluted waters, a bio-assay method for the study of industrial effluents
has been carried out with gold fish as the test animal. Findings indicate that
effluent water from factories manufacturing hydrochloric acid and certain
alkalies are less toxic than effluent water coming from factories manufac-
turing galvanised materials and textile materials. Toxicity values from these
various sources of water correlate very well with the BOD values of the water.
Investigation has .been extended to cover lake pollution by pesticides. It has
been found that water near the shores of the lake had high toxicity levels
whereas water at the centre of the lake seemed to be free from toxic
materials.

Preliminary findings suggested that 2,4-D and 2,4,5-T, two commonly-
used defoliating chemicals, can cause embryonic damage to organisms.
Furthermore, stuaies in certain parts of the United States show that forest
trees can have a very efficient hold on the nitrate contents of the ecosystem
but once deforestation takes place, the nitrates can be leached out of the
soil and can find their way into the streams so much so that the nitrate
content of the water can be more than double the tolerance levels permitted
in drinking water.
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WORKING GROUP IlI
CRITICAL PROBLEMS OF THE ENVIRONMENT

Convenor: Prof. Le Van Thoi (Vietnam)

Discussion Leaders: Chua Peng Chye (Singapore), Dr. Goh Ewe Hock
(Singapore), Assoc. Prof. Gene E. Likens (U.S.A.), Prof. Raymond C. Loehr
(U.S.A.), Prof. Daniel A. Okun (U.S.A.).

Rapporteurs: S. Nadesvaran (Singapore), Prof. Donald J. O'Connor (U.S.A.)
Prof. Daniel A. Okun (U.S.A.), James K. Rice (U.S.A.).

TUESDAY, MARCH 14, 1972 — BUILT AREAS
Environmental Problems

Many problems common to the region exist, and these are found in
varying degrees. Air, water and land pollution and unsatisfactory housing
conditions are found particularly in the urban/metropolitan areas. South
Vietnam faces the unique problem of defoliation because of the war.

There is diversity and separation of responsibility and authority in the
implementation of public projects, examples of which are public housing,
disposal of refuse, construction of roads, etc. with respect to environmental
control. This appears to be a common problem.

It is necessary to seek a balance between economic development and
environmental quality. Although some compromises may be made initially,
a long range plan to improve pollution control should be formulated now.
Involvement of social, economic and political scientists in the analysis of the
problems and in the formulation of plans is necessary. There exist problems
associated with the enforcement of environmental quality standards.

Waste Disposal

There are probably more elements common to Regional countries, in
problems of refuse disposal than in any other areas of environmental quality.

As with other areas of environmental quality control there are residues
which affect other elements of the environment, e.g. water pollution from
the sanitary land-fill and solid residue from the composting plant. It is an
area in which political considerations are involved as well as other aspects.
Data is needed not only with respect to the needs of designing the first stage
of disposal but also with respect to its residual effects.
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WEDNESDAY, MARCH 15, 1972 — URBAN LIVING

Education, Development and Research

Education and training for the technical fields involved in the manage-
ment of the environment need to be initiated and expanded. Such programs
are necessary for operating personnel and technicians as well as for profes-
sional and scientific personnel.

The type and quality of education are important factors in stimulating
development. There is therefore a need to re-examine the type and quality
of education with respect to the national goals of development.

Development can be impeded if Man is incapable of curbing the less
favourable consequences of technology, if there is no concern for other
values besides the economic, and if individual nations cannot find *‘local”™
solutions to “local’ problems but borrow wholesale, ideas from other nations.

To solve the problems of devclopment, then, there is the need for
research and action to go hand in hand, involving the co-operation of
scientists and administrators from various fields of studies.

Mental Health

An aspect of urban living that has been receiving a lot of attention
lately is that of mental health. The urban environment tends to aggravate
the factors associated with mental ill-health, e.g. social isolation, de-
personalizing and dehumanizing milieu with a diminishing regard for basic
human rights and possible cultural conflict leading to deculturalization.
There is therefore a need for research and understanding of the socio-
psychological aspects of the urban environment so that mental illness can
be prevented or lessened.

Solid Waste

An analysis has been made of solid waste refuse in Singapore over a
9-year period. The salvage potential of refuse by separation at source should
be further looked into. There is a need for a regional data collection centre.

Litter control in Singapore is being tackled in two phases:—

(a) By education and persuasion through various media,
e.g. public health campaigns, display of posters, etc.

(b) By enforcement through effective legislation — the
Environmental Public Health Act provides for fines of up to
S$500 for first offences and $$2,000 for subsequent ones.
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A need exists for up-to-date and time-series statistics. Enforcement
must be vigorous to achieve success but a period of education must be
allowed.

Health campaigns in the developing countries can improve the tourist
trade.

Mosquitoes

It has been shown that the Culex larvae in Singapore is resistant to
DDT, possibly because of the presence of this insecticide in the soil. The
control of the mosquito vector in Singapore was also discussed, and
delegates expressed the desire to share the experience gained by their
Singapore counterparts.

Hawkers and Markets

According to a hawker census carried out in 1968/69, there were some
25,000 hawkers in Singapore. There is a need to control these hawkers by
re-siting them and later, improving such allocated sites by the provision of
proper drainage and washing facilities.

Eating from hawker stalls is a way of life in Regional countries, and
their total eradication is not necessarily desirable in the immediate future.

Environmental Health in the Philippines

The Filipino delegation reported that there is inadequate control
generally of health problems in the Philippines for the following reasons:

(a) Geographical pattern of the country with 7,100 islands and
the provincialised system or decentralised setup of the
Department of Health, and

(b) There is a poor system of communications between different
government agencies having identical or allied objectives
towards the enhancement of environmental health.

The main problem is water supply — 80% of the population is without
safe water supplies. The next biggest problem is the disposal of excreta, air
pollution being less acute. The disposal of solid waste is often by dumping.
More money has been spent on curative medicine than on prevention,

Air Pollution
Surveys carried out on quarry workers have shown an increase in the

incidence of silicosis. This may be attributed to the lack of dust control
measures. There is therefore a need for control measures to be adopted.
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In Sweden the rainfall and snow show a high incidence of acidity, with
pH ranging from 5.7 to 3.0. This can lead to many adverse effects, such as
loss of nutrients in soil, increase in plant diseases, detriment to marine life,
and corrosion to buildings. More data on the pH of rainfall in Southeast
Asian countries is needed.

THURSDAY, MARCH 16, 1972 — CONCLUSIONS

There are many problems common to countries in this region. The
solutions may vary because of differences between areas where economic
development permits full employment and areas where unemployment is a
problem, and also because of differing social and cultural patterns.

Political backing is absolutely essential to tackle pollution problems.
Public support is also necessary especially since political backing is required.
Anti-pollution measures cut acrnss the responsibilities of many governmental
departments. Therefore, it is necessary to establish the control department
at a very high level so that effective action can be taken.

Trained personnel is difficult to obtain, and therefore staffing poses a
problem. It is important to choose able and dedicated persons as they would
be able to benefit most from training and speedily pass on the expertise.

A central theme is the very real and immediate need to establish a
Regional Environmental Control Organisation. This body would have the
advantage of size and hence can undertake programmes which individual
countries would not be able to afford. In addition, it would provide facilities
for the distribution and dissemination of information. It is recognised that
air, water and noise pollution cut across international boundaries, and can
constitute political problems especially when the tempo of industrialisation
increases. To minimise conflict there is therefore a need to establish such a
regional organisation at a very early date.
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SECTION C

RECOMMENDATIONS
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RECOMMENDATIONS

NOTING the experiences of developed countries where environmental
pollution is now causing grave concern, the importation of western techno-
logy into the Countries of the Region for economic and national develop-
ment, especially in the development of industries and essential services like
water supply, power and communications, should not bring in its wake or
repeat such deterioration of the environment as to adversely affect the
ecology in the Countries of the Region and be detrimental to the health
and well-being of their people;

APPRECIATING that in the development of cities and urban areas of
the Region, the provision of a safe water supply and an effective waste
collection, treatment and disposal system are essential requirements, there
should be no compromise in the obtaining and the supplying of an adequate
and safe water supply;

REALISING also that for an assurance of a continuing supply of safe
water for the increasing needs of the people in the Countries of the Region,
including uses for agriculture and industries, pollution of both surface and
ground water will have to be prevented, so that the Dresent sources of supply
can continue to be available and further sources can be developed;

THIS REGIONAL WORKSHOP ON WATER RESOURCES,
ENVIRONMENT AND NATIONAL DEVELOPMENT HEREBY MAKES
THE FOLLOWING RECOMMENDATIONS:—

1. Conservation of Water — It was recognised that great quantities of
potable water are unnecessarily wasted. More information and data
should be collected on minimum social and health requirements so
that effective measures can be taken to reduce water consumption,

2. Water Requirements in Urban Areas — The water supply in most cities
of the Region cannot cope with the rapid increase in water demand
due to the large migration from rural areas. As shortage of a potable
supply results in health hazards, catering for this demand should be
given priority in water planning.

3. Water Requirements in Rural Areas — Because of high capital costs and
low rates of return, it was recognised that there are difficulties in
securing funds for water-supply projects in rural areas. Hence, more
attention is needed by the controlling authorities of funds. on the
intangible benefits such as control and reduction of water-borne
diseases, improvement in the standard of living, and other social
benefits derived from water-supply projects.
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Need for Hydrologic Data — For water planning and the design of
water structures, hydrologic data is required. Adequate hydrologic
network as well as water quality and sediment stations must be esta-
blished as soon as possible, if they do not already exist.

Groundwater — There is a great need to carry out groundwater surveys
and development in the Countries of the Region. It was recognised that
there is a shortage of hydrogeologists.

Re-cycling of Used Water — The rapid increase in water demand on
one hand. and the limited water resources on the other, was noted.
As a solution to the problem, when available water resources have been
fully developed. consideration should be given towards supplying water
of different qualities for selected uses, and to planned re-use.

Treatment of Used Water Before Discharge — The pollution of the
environment by industrial wastes should be minimised by requiring and
incorporating in industrial plants, facilities for the treatment of such
wastes sufficient to ensure no undue deterioration of the receiving
waters, or damage to the sewerage and waste disposal system.

Central Treatment Plants — For maintenance and administrative reasons,
treatment of wastes should be carried out where possible in central
treatment plants, rather than proliferating smaller units.

Minimising Waste in Effluent Water — Disposal of wastes by dilution
and dispersion alone may not be a total solution to the pollution pro-
blem. and good housekeeping to review and improve industrial processes
towards the removal of injurious material and re-use of recoverable
components of each waste is advocated.

Effluent Standards — Waste treatment requirements and effluent quality
standards for both domestic sewage and industrial wastes should be
established, and should be realistic and commensurate with the capa-
cities of the receiving waters to assimilate such effluents.

Adaptation of Technology — Present knowledge of waste treatment
techniques should he modified and adapted to the environmental
conditions in the Countries of this Region so as to make maximum
use of the land and labour potentials to meet the essential criteria of
simplicity of design, construction and operation in preference to more
sophisticated or intricate equipment and mechanism.

Public Housing — Public housing may be regarded as an economic
development step since it stimulates growth particularly of the con-
struction industry, and is ahle to ahsorb a substantial number of
unskilled or semi-skilled labour. Unless otherwise dictated by the
economic situation in a given country, public housing should receive
higher priority.
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National Co-Ordinating Bodies — A central body should be set up in
each of the Regional countries to co-ordinate water planning for both
short-term and long-term developments. This will help to ensure that
water resources are developed not just for immediate single-purpose
uses, but integrated into overall planning. Similar bodies should like-
wise be set up for environmental control, and to be effective, must be
given the highest possible level of authority and support in the govern-
ment.

Priorities and Action Programmes — The type and scale of pollution
problems should be identified and clear priorities established so as to
optimise the use of limited financial and technical resources. In doing
this, the interest of the human being in the society and environment
should receive prime consideration. Action-oriented programmes to
deal with the problems of planning, management and control of the
human environment for economic and social development should be
initiated by national environmental control bodies.

Training and Research — Training at all levels of skill should be carried
out in hydrogeology, and in the operation and maintenance of water
treatment plants. Research and training at all levels should be carried
out in environmental engineering, under conditions prevailing in the
Region, and in Regional institutions.

Public Awareness — Every effort should be made to encourage greater
awareness on the part of all sections of the public to the conservation
of water in quantity and quality, and to the problems of environmental
pollution. Such awareness should be inculcated through education and
the mass media.

Regional Co-Operation in Sea Pollution — Immediate formulation of
an emergency operation plan for the pooling of resources in the
Countries of this Region, and the deploying of men and equipment
quickly without any time-consuming procedures of protocol, customs
and immigration clearance, is required to deal with pollution of the sea
by oil and other hazardous material, especially those associated with
major incidents.

Regional Environmental Control Organisation — Formation of a
Regional Environmental Control Organisation, to perform such tasks
as enumerated below, will facilitate and enhance the efforts of the
engineers, scientists, planners and administrators in conserving the
environment for the health and well-being of the people in the
Countries of this Region:—

(a) the collection, collation and dissemination of research,

practical data, and experiences of the Countries of the
Region in environmental control activities,
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(b) the exchange of scientific and technical experts,
(c) the training of personnel, and

(d) the exchange of ideas and experiences in seminars and
workshop sessions, etc.

The setting up of the Regional Environmental Organisation is recom-
mended as a first, but necessary step towards combating the many
common environmental problems of the Region.

Assistance from the Developed Countries — The developed countries
should give every assistance, including funding, training of personnel
and advisory services, towards making the formation of the Environ-
mental Control Organisation in this Region a reality.
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APPENDIX 1
PLENARY ADDRESSES

INTRODUCTORY STATEMENT BY
MR. HIEW SIEW NAM, WORKSHOP CHAIRMAN

May I call to order the First Plenary Session of the Regional Workshop
on Water Resources, Environment & National Development. First, I wish to
convey the Organising Committee’s profound gratitude for your presence
here today, particularly to all our regional and international Panel Members
and also overseas and local participants who have responded so enthusias-
tically to our invitations. As a matter of fact, this Workshop has aroused
considerable interest in both developed and developing countries the world
over. This is not unexpected as the topics chosen for discussion, namely,
“Water Resources, Environment and National Development” are not only
of global interest but they are matters of vital concern to many countries,
both within and outside this region.

Singapore, as you all know, is an island Republic with only 225 sq miles
of land area. Due to population growth and rapid industrialisation, land use
has become more intense and this coupled with the accelerated pace in
urbanisation will exert enormous pressure on transportation, sanitation and
other public services and amenities such as water supply.

A good and adequate water supply is a pre-requisite in any national
physical development plan. However, faced with the problem of limited land
area which is made worse by mounting demands for large land areas for
recreational, education and health institutions by a progressively affluent and
sophisticated population, a difficult balance has to be struck in maintaining
enough areas for water catchment purposes without retarding physical
growth and development. To supplement land requirements for water
resources, every stream and river in the Republic will have to be rendered
pollution-free for impounding and extraction purposes so that more use can
be made of the abundant rainfall which falls in the Republic.

Water resources development and effective pollution control involve
very complex environmental problems which require considerable experience
and expertise for comprehensive solution. These expertise and resources are
presently lacking uot only in Singapore but also in this region. It was, there-
fore, thought that a Workshop on these problems would be most timely and
beneficial. As these problems are common and of serious concern to coun-
tries in this region, it was decided that Singapore will jiost this Regional
Workshop as a first step towards regional co-operation.

Towards this end, the Science Council of Singapore and the National
Academy of Sciences of the U.S.A. have, as early as September last year,
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agreed to proceed with the organisation of this Workshop. Several meetings
were held subsequently with representatives of the National Academy of
Sciences and also top scientists from the Regional countries. The final
Workshop structure and form of proceedings, etc. were than agreed on,
finalised and adopted.

The adopted proceedings and time-table of the Workshop are as set out
in the information programme circulated. In this plenary session, there will
be five keynote addresses by the following panel members:—

1. Mrs. W.S. Srimoerni Doelhomid, Hydrological Engineer,
Indonesian Institute of Science (on behalf of Prof. J.A. Katili)

2. Dr. Pradisth Cheosakul, Head of Delegation from Thailand;
Secretary-General, National Research Council; Chairman,
Committee on Environmental Quality Control

3. Dr. Gerard A. Rohlich, Head of Delegation, U.S.A.,
University of Texas

4. Mr. Khong Kit Soon, Panel Member, Singapore;
Chief Water Engineer and Acting General Manager,
Public Utilities Board, Singapore

These keynote addresses will give some background information on
the water resources and environmental problems of the countries concerned
and will also focus on the role of water in urbanisation, health, industrial
and agricultural developments.

After this opening session the next three days will be devoted to
Workshop discussions. The Workshop will be split into three Working Groups
running concurrently, each dealing with a specific topic. The Workshop will
close on the fifth day with & Plenary Session where recommendations of the
various groups will be brought up for discussion and adoption.

Convenors and discussion leaders for the Working Groups are as follows:-

Working Group I: Water Resources

Convenor: Mr. Chong Koon Kee, Malaysia

Discussion Leaders: Mr. Sung Tsoong Tuh, Singapore and a panel
member from the U.S. Delegation

Working Group 1I: Water Pollution

Convenor: Mr. Bienvenido N. Garcia

Discussion Leaders: Mr. Lye Thim Fatt, Singapore and a panel
member from the U.S. Delegation

Working Group III: Critical Problems of the Environment

Convenor: Prof. Le Van Thoi, South Vietnam

Discussion Leaders: Mr. Chua Peng Chye, Singapore and a panel
member from the U.S. Delegation
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Response to our request for technical papers has been unexpectedly
good but unfortunately most submissions could not meet our date-line,
resulting in delay in the printing of these papers for early distribution to
the participants.

With the limited time available, it is regretted that we have to impose
a time limit to all participants who wish to present their views on any par-
ticular subject and it will therefore not be possible for every participant to
present his paper. We very much regret this and I hope the convenors and
discussion leaders of all Working Groups will exercise their discretion to
ensure that agenda items are well covered within the time allocated. We
would like to point out that a Workshop is unlike a seminar and its main
emphasis is to identify problems and to seek and recommend solutions
through discussions.

Therefore, it is hoped that the Workshop, besides establishing present-
day trends and practices, identifying and recommending solutions to the
problems faced by countries in the Region, will also try to achieve the
following objectives:—

(a) Formulate strategies, identify research needs and suggest action pro-
grammes for the integrated use and protection of water resources in
the region and in the participating countries.

(b) Establish criteria and procedures for selection of priorities for research
on water and pollution problems.

(c) Strengthen the role of scientists and scientific institutions throughout
the region in planning for a more effective use of water resources.

(d) Develop practical findings to guide decision-making in the planning
units and relevant departments and ministries of participating countries.

(e) Encourage Regional co-operation on problems of protection and
utilisation of water resources, and stimulate further regional initiatives
on other topics of mutual concern.

(f) Identify and explore available solutions to the more critical and urgent
environmental problems of the Region.

(g) Deliberate on the Region’s physical growth processes and potential,
and consider ways in which national physical development plans can
be accelerated without aggravating environmental problems or creating
new ones.

(h) Establish a more satisfying means of exchanging experiences, research
findings and know-how, so as to deal, on a concerted regional basis,
with critical environmental problems common to the region such as
the establishment of a Regional Environmental Control Organisation.
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These may appear to be ambitious, but with the aid and guidance of
our foreign scientists and specialists and with the close co-operation of the
regional experts, I am confident that much can be achieved.

I hope you will find this Workshop a useful and rewarding experience.

Thank you.

KEYNOTE ADDRESS BY
PROF. JOHN A. KATILI, INDONESIA
(Read on his behalf by Mrs. W.S. Srimoerni Doelhomid)

POTENTIALS, UTILIZATION AND ENVIRONMENTAL PROBLEMS
OF WATER RESOURCES WITH SPECIAL REFERENCE TO INDONESIA.

Water is essential to a wide range of economic activity as well as being
a necessity to life. Because of its many uses water is one of the most
important natural resources.

In urban areas like Singapore, water is mostly used by industry in
generating power, cooling, flushing, washing and processing, while in the
rural areas of Thailand, Philippines, Malaysia and Indonesia the agricultural
use of water is dominated by irrigation.

The importance of natural resources in relation to development is well
recognized in developing countries. Together with human resources, natural
resources comprise our principal economic assets.

The countries of Southeast Asia are situated in the humid tropical
region characterized by high temperatures, high humidity and abundant
rainfall.

Geologically, Southeast Asia is the place of interaction of at least three
gigantic crustal plates all of which are moving relative to each other. These
interactions of the Indo-Australian, Pacific and Eurasian plates should be
held responsible for the existence nf hundreds of active volcanoes in the
Indonesia-Philippines region, which in turn provide good aquifers such as
lava, but which also create problems in that the rivers have to carry a larger
load than usual.

With the growing population and rising standards of living in develop-
ing countries, the need and consumption of water is not only increasing, but
pollution and the shortage of clean water are becoming major obstacles for
our developing economies.

The problem of providing water is not only of concern to individual

countries but also to the entire region, and can only be solved successfully
through regional co-operation.
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It is because of this necessity for regional co-operation, the similarities
in climatologic, hydrologic and geologic conditions, the stage of the scientific
and technological development of the countries in Southeast Asia that we
consider this Workshop which has been initiated by the Science Council of
Singapore to be of paramount importance.

Before dwelling in more detail on the water resources of Indonesia it is
necessary to elaborate upon the development of natural resources in general
since they are not independent of each other. The inter-relation and inter-
dependence of natural resources can be illustrated by the fact that land
erosion which may be caused by the illegal cutting of trees and deforestation
can lower the potential production of hydro-electric energy in a river basin,
Deforestation or reafforestation may also affect the climate, soil and other
plants and animals.

Development of Natural Rosources of Indonesia and its Impact on the
Environment

Indonesia is an archipelago which consists of 18 large islands and some
3,000 small ones, covering an area of about 2 million square kilometres. The
more than 500 young volcanoes, 128 of which are considered to be still
active, make Indonesia the most volcanic country of the world. The highest
mountain (more than 5,000 metres) is located in West Irian, covered by
eternal tropical snow.

The Indonesian part of the ocean is quite large comprising a complex
system of water ways, of shallows and deeps. Basically it consists of the
broad, shallow Sunda and Sahul Shelves, and the intervening and bordering
small, deep ocean basins.

In Indonesia every day of the year is sufficiently warm for the growth
of plants and nearly everywhere the rainfall is sufficient to produce at least
one crop a year without irrigation. Monsoonal winds affect the marine
waters strongly since Indonesia is located between the Asian and Australian
continents.

About 1.2 million square kilometres or 2/3 of the total land area is
covered by forest.

Sixteen million hectares are used for agriculture. About 80 to 85% of
the agricultural area is used for subsistence farming (rice and food crops);
the remaining 15 to 20% is cultivated with commercial crops.

The current population amounts to 125 million which is unevenly
distributed throughout the islands. About 75% of the whole Indonesian
population lives in Java and Madura. It is estimated that with the present
2.6% rate of growth the population will reach 260 million in the year 2000.
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The contribution of natural resources to the development of Indonesia
both in the long term and within the framework of the current Five-Year
Plan cuts across the major priority sectors such as agriculture, industry,
mining and infrastructure, and is given attention in the plans and programmes
of a number of key ministries.

The intensive exploration activities into Indonesia’s natural resources
may last for another ten or fifteen years for the following reasons:—

(a) The 120 million hectares of forests available have not yet been
fully explored and exploited; and

(b) Out of the total land area of Indonesia only 5% has been
geologically mapped systematically, 75% cursorily recon-
noitred and the remaining 20% is still unknown, while the
offshore regions are scarcely known.

There is currently a rush in forest exploration in the outer islands.
The export of logs jumped from US$3.6 million in 1966 to US$90 million
in 1970, and in 1971 reached US$150 million.

The majority of smallholders, who contribute about 65% of the total
export, do not have much experience in this field, are after quick profits
and do not pay much attention to the principle of sustained yield.

The large companies seem to be looking for long term investments.
The problem here seems to lie not in the irresponsibilities of the companies
but in the shortage of basic data for rational management of the forest
resources.

At present more than 40 petroleum companies and 10 big mining enter-
prises are exploring our offshore and onshore areas. Since 1967 about a half
billion U.S. dollars have been spent on exploration work even in the remote
forests and mountains of Sumatra, Borneo, Irian and the other islands.

The offshore area between the islands of Sumatra, Borneo, Java and
Celebes known as the Sunda Shelf is now totally covered by work areas of
about 20 petroleum companies. Thirty-five prospects have been drilled since
late 1968 with oil and/or gas being discovered in 50% of these ventures.
Some 25,000 miles of seismic work and 45 test wells have been completed
in this area. The shelf area bordering West Irian and the islands west of it is
currently under exploration.

Large parts of Indonesia are being covered by mining companies pros-
pecting for base metals, bauxite, nickel, tin, etc.

The major minerals currently in production are petroleum, tin, bauxite,
nickel and gold, and within two or three years’ time Indonesia will become
one of the biggest copper-producing countries in Southeast Asia. Nearly 10%
of the world’s tin production is contributed by Indonesia.
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Crude oil production has risen steadily over the last five years. In early
1972, production reached 1,000,000 barrels per day. Petroleum export has
increased from US$330 million (1968) to US$366 million (1969), US$426
million (1970), US$552 million (1971), and is expected to reach US$1,014
million in 1972,

Only recently was oil discovered off the coast of the densely-populated
island of Java. In 1970 at least 15 new oil fields and 5 new gas fields were
found in Indonesian waters. Exploitation of this oil will doubt]ess bring with
it all of the attendant problems of pollution and potential pollution which
are faced in such a situation. The producing wells may affect fisheries which
may cause the displacement of thousands of fishermen.

Most of Indonesia’s minerals such as tin, bauxite, nickel and iron ore
are the result of rock weathering under humid tropical conditions. Under
special circumstances in which the decomposing rocks contain appreciable
quantities of certain constituents, weathering may lead to the formation of
residual mineral accumulation and mechanical mineral concentrations of
economic importance. The minerals are concentrated at the earth’s surface,
and the mining of such deposits is usually carried out by stripping the soils
which contain these minerals. It is well-known that strip-mining and open-pit
mining have a very hazardous effect on the environment.

Open-pit or strip-mining can radically influence the environment. The
change of the geomorphology of the mining area can readily be observed,
such as the disappearance of hills, damming and changes in the courses of
rivers, deforestation, and the forming of hundreds of metres of deep holes.
Other changes in the environment which occur gradually are the lowering of
the ground-water level with all its consequences, such as the disappearance
of vegetation, increase of erosion, etc. The effect of open-pit mining in the
tin islands of Bangka and Billiton can be seen in the barren landscapes,
deeply-eroded hills and artificial ponds.

Another example which could be cited is the mining of bauxite in the
island of Bintan. Mining of the bauxite ore is preceded by the removal of the
overburden consisting of layers of soil 20 to 50 cm thick along with the
vegetation and humus. Then followed the mining of the ore itself consisting
of pebbles and hard concretions mixed with some clay. The remainder com-
prises hard clay. It can be observed that in areas which were mined 40 years
ago, no vegetation, not even alang-alang, can grow.

The disposal of tailings in the sulphur mines of Wanaradja, West Java
is another serious problem. It is beginning to affect the fertility of the
surrounding areas. Similar problems as outlined above can also be expected
very soon in the nickel-mining areas of Celebes and other islands in the
eastern part of Indonesia.
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In the field of agriculture, there are active efforts to increase produc-
tion. The area brought under the intensification programme is steadily
increasing from 9,900 ha in 1965 to 2,828,200 ha in 1970. The intensifica-
tion programme has resulted in an increase in consumption of fertilizers.

Taking the population increase in Indonesia at about 2.6% a year. it is
estimated that the demand of nitrogen in 1972/1973 will be 750,000 tons
above that of 1967-1968. The consumption of pesticides is also increasing.
The pesticides include not only insecticides but also herbicides and
fungicides.

Due to the completion of multi-purpose dams and the rehabilitation of
existing irrigation ditches, thousands of hectares of land have currently been
brought under irrigatiz.n.

The extension programmes have increased the harvested area of lowland
as well as upland rice, i.e. from 4,780,500 ha in 1950 to 6,076,000 ha in
1967 for lowland rice, and from 919,125 ha in 1950 to 1,790,000 ha in 1967

for upland rice.

The expansion of the agricultural areas is achieved by converting forests
into agricultural fields, by developing irrigation in new areas and bringing
tidal swamps under cultivation.

It goes without saying that all these developmental schemes bring
benefits to the country. However, as can be foreseen, all these efforts are
also having an impact on the environment.

Not all of the fertilizers are absorbed by plants or fixed by soil colloids,
particularly the nitrogenous fertilizers. Under upland conditions they are
easily leached by high rainfall and, together with wastes from cities and
farms, these nutrients have in some areas enriched the water of rivers and
lakes which have caused eutrophication problems. The Rawa Pening Lake
in Central Java is extensively overgrown with water hyacinth, to such an
extent that it significantly reduces the power of the electric generators, and
fish and rice yields.

The behaviour of pesticides under tropical conditions should be studied
in more detail. There are reports that the persistent chlorinated hydro-
carbons are readily decomposed under submersed conditions.

There are indications that pesticides are also influencing faunal and
floral composition, such as shifts in the degree of importance of various
pests, etc.

The completion of new dams and irrigation is expected to create
problems such as schitomiasis. This disease is present in some of the lake
areas in Central Celebes and it is not impossible that this parasite will be
introduced into the densely-populated areas of Java.
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Potentials and Utilization of Water Resources in Indonesia and Some
Problems Involved

The large islands like Sumatra, Borneo, Java and Irian harbour the big
rivers with discharges amounting to 2000 or more cu metres per second in
the rainy season, while in the dry season the discharge may be only a fraction
of it. The large lakes are also situated in the large islands but only a few of
these have been surveyed for the generation of electricity. The alluvial plains
mostly covered by swamps, are encountered in East Sumatra, South Borneo
and the southern part of West Irian.

Being a country which is endowed with abundant rainfall —rainfall of
3000 mm per year or more is widespread — groundwater has been left
virtually untouched in Indonesia for many years. Only recently have there
been efforts to assess the country’s groundwater potentials. Good aquifers
are lava streams — yielding in some cases over 2000 litres of water per second
= and limestones. Good water-bearing formations are the alluvial-plain
deposits along many coasts and rivers and sites of sub-recent lakes. It may
be stated that the Quaternary deposits are the best water-bearing layers,
whereas the older formations consisting mostly of consolidated sediments
and crystalline rocks, except for some limestones, are poor ones.

The quantity of water used for irrigation in Indonesia is the greatest
as compared to other needs and varies between 10,000 and 12,000 cu metres
per hectare per season for the so-called wet rice. Another kind of rice
depends upon rainwater only. Owing to the limited amount of irrigation
water available during the dry season, the cultivation of rice has to be
reduced to 30% or less.

Sugar-cane grown on rice-fields does not need additional water during
the wet season, but in the dry season the required amount is about 37.5%
that of rice.

Efforts have been undertaken to raise the production of rice by the
construction of dams and reservoirs especially in the densely-populated areas
of Java. The biggest dam situated in West Java has been completed and
possesses the capacity of irrigating some 300,000 hectares of rice fields.
In East Java, the Karangkates Dam is nearing completion and has an effective
capacity of about 253,000 cu metres.

Out of a total rice field area of 7 million ha only 3,796,216 ha is cur-
rently using irrigated water and 60% of this needs rehabilitation.

Groundwater has been utilized on a limited scale for irrigation, such
as in East Java,

There are about 140 cities and towns throughout Indonesia which have
piped water supply. Springs at the foot of volcanoes provide most of the
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water in the rural areas, and to a smaller extent water is being provided by
artesian drilling.

Many towns and thousands of villages depend upon dug-wells for their
domestic water supply. About 100,000,000 Indonesian people use untreated
surface water for domestic purposes.

New water supply systems originating from river water have recently
been completed for ten big cities. Nevertheless the capacity for providing
drinking water for the 24 million people living in urban areas is only 40%
or 900 litres per second.

Industrial development at present is oriented towards those industries
which support the agricultural sector, clothing industries, towards medium
and small industries to absorb manpower and towards those industries which
can support the country’s balance of payment.

Industry in Indonesia currently embraces factories such as pulp and
paper, cement, glass and ceramics, tyre and rubber, fertilizer and salt, soda,
oxygen, carbon dioxide, soap, petroleum refining, tin smelting, food canning
and processing, cane sugar, textile mills and printing, manufacturing of metal
products, etc.

The location of these factories is near the big rivers as water for these
purposes is obtained primarily from rivers. Such agglomerations of industries
are found along the big rivers such as the Tjiliwung and Tjitarum rivers in
West Java, the Brantas and Solo rivers in East Java and the Musi River in
Sumatra,

Indonesia is gifted with several river systems like the Musi, Batanghari
and Siak in Sumatra, and the Mahakam, Barito and Kapuas in Borneo. The
total length of the Indonesian rivers is about 18,000 kilometres of which
10,000 kilometres is navigable in the dry season.

With Belgian assistance the Ministry of Communications has recently
finished a general survey of 9 rivers in Borneo and 6 rivers in Sumatra. This
will be followed by a more detailed investigation regarding the economic
importance of these big rivers.

The inland waters of Indonesia consist of 13,760,932 ha occupied by
rivers, lakes, swamps and 287,691 ha by fish ponds. The annual catch of
inland fish is 446,953 tons.

Indonesia has a coastline of about 61,146 kilometres, two continental
shelves occupying a total area of 788,400 square miles, and a large number
of gulfs and bays along the coast. This alone indicates a vast potential of
marine resources such as marine algae, fish and other edible animals, as well
as minerals.
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The petroleum potentials of Indonesia’s shelf areas have already been
discussed and the search for oil is now underway in our deep-sea basins,
which are usually situated in the eastern part of the archipelago. Other
mineral potentials of our seabeds are tin, titaniferrous ores and other det-
rital heavy minerals.

The marine salt industry is already fairly established. The State salt
industry supports about 40% of Indonesia’s salt consumption, while the
rest are supplied by the so-called “people salt”.

Out of the total fish production of 1,248,953 tons annually, about
802,000 tons are marine. Of the marine fisheries the most important ones
are scombers, sardines, carangids and prawns. In 1970 Indonesia exported
18,605,973 kg of fish and other marine products worth US$5,902,460.
The sea fisheries exploited are confined to areas 30 miles from the coast.

Seaweed is a promising source of food which still remains unexploited
in Indonesia. The Institute of Marine Research has launched a survey in-
cluding geographical and seasonal distribution, measuring the potential
productivity of each season, ecological study, chemical analyses, and
measuring the nutritional value of edible seaweed:s. Unfortunately, Indo-
nesia’s ability to supply seaweed is being neglected at present and the reason
seems to be the unreliable content of the different shipments made. Steps
are being explored to remedy this trouble.

The problems related to water resources in Indonesia are manifold
and only the most important ones will be mentioned here.

The most crucial problem especially in densely-populated areas such as
Java, Madura and Bali, is to find suitable places, hydrologically as well as
geologically, to store damaging flood water in the rainy season in order that
it can be used in the dry period.

The humid tropical climate, with its rainfall exceeding 5000 millimetres
per year in some places, and active processes of mountain-building, with
vertical movements of several millimetres and horizontal movements of
several centimetres a year, are the main factors causing rapid denudation
in Indonesia. Many drainage basins exhibit denudation values of one milli-
metre per year, while annual values of 4 millimetres have been recorded in
Central Java.

River water, especially where cultivation of land and deforestation is
quite intensive, is heavily loaded with silt, containing in some cases as much
as 7 kilograms per cu metre. Such silt-laden water is not suited for irrigational
purposes and has to be clarified first by means of settling basins.

The problems created by frequent volcanic eruptions are well known in
East Java. The erupted pyroclastic material from the volcano Kelud combine
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with high rainfall which carry away the very unstable debris have created
critical sediment problems in the Brantas River. Within a period of five years
following the 1951 eruption about 23,000,000 cubic metres of erupted
material came down from the summit area into the Brantas River, causing
the rise of the riverbed of about 1.5 metres.

The increase in population, coupled with deforestation is another
serious problem. The forests suffer from illegal cutting of trees and defores-
tation due to land-hunger for cultivation of maize, cassava, etc., and for
cattle-grazing. The extensive damage suffered by forests has caused frequent
floods, droughts and erosion to such an extent that several watersheds have
been declared critical. Floods occuring frequently in low-lying areas are a
constant menace. The approximate extent of threatened areas in the whole
country is about 250,000 ha, of which 200,000 ha are in Java, which har-
bours 756% of the whole population.

Artesian basins in big cities like Djakarta with rapidly-growing industries
are currently suffering from too much withdrawal. A drop of the piezometric
level of more than 20 metres within the last few decades has been recorded.

No city in Indonesia has an adequately functioning sewerage system.
Sewage is usually treated to a limited extent only. In good urban and sur-
burban areas human waste is disposed of by using septic tanks. The con-
struction of septic tanks is no longer recommended due to the fact that
groundwater could be polluted by seepage. The increasing pollution of
public water by public waste is a very serious problem in the big cities, and
this is reflected by the prevalance of waterborne diseases.

It is very difficult to find out exactly how much and what kind of solid
waste is produced. Only about 50% of the total solid waste product can be
collected and disposed of, resulting in the accumulation of waste even in
streams, canals and ditches. Projections for the population of Java in 1985
indicate an increase of the order of 40 million in the urban population. It is
obvious that the requirements in terms of water supply, sewage and refuse
disposal and other facilities will involve very great investments in the next
fifteen years.

The inadequacy of hydrological data and the reliability of the recorded
data are also problems which make planning extremely difficult. The country
has only 200 gauging stations. In the islands outside Java one has often to
depend entirely on extrapolation or comparison with similar situations else-
where. The hydrology of volvanic areas is still largely unknown.

Present Level of Activity and Future Trends
From the proceeding discussion it is quite obvious that the problems
of water resources in Indonesia are of high-level concern to the Ministries of

Agriculture, Industry, Mining, Public Works, Education and Health, and
are being given priorities in the current Five-Year Plan.
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The Ministry of Public Works is in charge of the following sectors:—

(a) development of water resources for agricultural food production,
including irrigation works, construction of dams, flood control,
river training and hydrotechnique in general;

(b) electric power, namely exploitation of power resources as a
stimulation for economic development;

(c) water supply for industrial purposes and urban facilities.

The list of priorities for the programme to develop water resources
is as follows:—

(a) work on land and water conservation and erosion control;
(b) flood control programmes, including river improvement;
(c) rehabilitation and improvement of existing irrigation networks;

(d) opening new ricefield areas in the islands outside Java, Madura,
Bali to promote transmigration. This will help to solve the problem
of population (better dispersa’ of population) and will increase
food production as well;

(e) surveys, planning and feasibility studies as preparation for execu-
ting large-scale water resources development programmes;

(f) the strengthening and upgrading of the Institute of Hydraulic
Engineering, as the scientific backbone of further water resources

development programmes; and

(g) the preparation of manuals and setting-up of new laws and regula-
tions, to strengthen water management.

The target for 1973 as outlined by the Ministry of Public Works is the
rehabilitation of 50% of the existing irrigation network plus the construction
of new works. The existing irrigated paddy fields to be rehabilitated amount
to 825,470 ha, while intensification work will involve 430,131 ha. The
reclamation of swampy areas in the islands outside Java is about 1,575,000
ha, which will increase to 2,625,000 ha in 1978.

Investment in the above sectors are large-scale and serves to highlight
the critical importance of the choice of technological systems since such
large investment tends to commit the country to a particular system. In this
connection, the necessity to devote a significant amount of resources to
“research and investigations” (which include survey, systems design, feasi-
bility studies in addition to R and D proper) have been recognized. A very

49



arbitrary breakdown of the 1970-1971 budget by resource areas in science
indicates for hydrology the amount of 953.3 million rupiahs, and for oceano-
graphy 71.5 million rupiahs. It should be emphasized that these figures are
only ministerial budget and are not complete.

A National Committee for the International Hydrological Decade was
established some years ago by the Indonesian Institute of Sciences. This
body has the capacity to initiate and co-ordinate research, and has prepared
an integrated hydrologic research proposal which encompasses water balance
studies, quality of natural waters, stream-bed evolution and deposition of
sediments and Man’s influence on hydrologic phenomena., The Tjimanuk
River basin has been selected for case study.

There is no systematic research in hydrolc v in Indonesia. Since 1963
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