THE ROLE OF HYDROLOGY IN THE
UNITED NATIONS WATER DECADE

COPYRICHT © BY CENTRAL ORGANIZATION FOR APPLIED SCIENTIFIC
RESEARCH IN THE NETHERLANDS TNO, 1983



- CIP DATA
Role

The role of hydrology in the United Nations Water Decade: proceedings of technical meeting 40 (April,
1983) / {ed. by Mrs. W. Schaap; with contributions of N.A. Amesz . . . et al.- The Hague: TNO. — Iil.
— (Proceedings and Information / Committee for Hydrological Research TNO; no. 30).

With references.

ISBN 90-6743-029-3
SISO 648 UDC [556+628.1] (063)
Subject heading: hydrology / watersupply; developing countries.



Tl e X,

T

COMMISSIE VOOR HYDROLOGISCH ONDERZOEK TNO
COMMITTEE FOR HYDROLOGICAL RESEARCH TNO

Verslagen en Mededelingen No. 30

Proceedings and Information No. 30

THE ROLE OF HYDROLOGY
IN THE UNITED NATIONS
WATER DECADE

O

PROCEEDINGS OF
TECHNICAL MEETING 40
(APRIL, 1983)

VERSL. MEDED. COMM. HYDROL. ONDERZ. TNO 30 - THE HAGUE - 1983






CONTENTS

1. Introduction, P. SANTEMA

2. The reality of the Water Decade, J.M.G. VAN DAMME

Abstract
1 Introduction
2 Health and other relations

3 Action required

4  State-of-affairs

References

Hydrological problems in the Water Decade -~
waterwise planning, A.R. BERGEN
Abstract

1 Introduction

2 Sources

2.1 Climatology

2.2 Geology /morphology
2.3 Ecology

2.4 Society structure
Policy

Priority

Quantity

Quality

Consumer

Qo -~ oy U =W

Concluding remarks

The role of hydrology in the Water Decade,
G. SANTING
Apstract
1 Aims of hydrological investigation for public water supply
2 Conditions which affect the character of hydrological
investigations
2.1 Conditions in The Netherlands

2.2 Conditions in developing countries

13
13
15
17
23
25
28

31
31
32
34
37
37
38
39
40
42
44
44
46
50

53
53
54

55
55
56



3 Hydrological investigations as affected by conditions

4 Special requirements to be met by the hydrologist

in countries of study

3.1 Effects by social and structural conditions

3.1.1 TLack of data
3.1.2 Type of water sources needed

3.1.3 Direct effects

3.2 Effects by the local hydrological conditions

3.3 Final remark

References

5. Hydrogeological research projects)

Abstract

1
2

4

Hydrogeological investigation

Joint projects

2.1 Pro ject objectives
2.2 Selection of project area
2.3 Main activities

2.3.1 General
2.3.2 Data collection
2.3.3 Well inventory

2.3.4 Establishment and operation of networks
2.3.5 Geophysical operations

2.3.6 Drilling

2.3.7 Geophysical well logging

2.3.8 -Aquifer tests

2.3.9 Hydrochemical investigations

2.4 Requirements

2.4.1 DManpower requirements

2.4.2 Equipment
2.4.3 Operational costs

2.5 Organization and responsibilities
Constraints

3.1 Introduction

3.2 Constraints at national level

3.3 Constraints at the institutional level

Some conclusions and recommendations

64
64
64
66
67
68
69
69
73



Annex
Annex
Annex

Annex

EownN

6. Watersupply of small urban centres in Upper-Volta,

N.A. AMESZ and F.J.H. DIRKS

Abstract

1 Introduction

2 Boundary conditions

2.1
2.2
2.3
2.4

Climate
Hydrogeology
Hydrology

Socio-economic situation

3 Water demand projections

4  Hydrogeological studies

4.1

4.2
h.2.1

4.2.2
4.2.3
b.2.4
h.2.5
h.2.6

Preparatory phase

Field surveys

Field reconnaissance and groundwater level
observations

Geophyaical surveys

Test drilling

Aquifer tests

Waterquality investigations

Isotopic investigations

5 Technical studies

6 Financial and economic analysis

7 Conclusions

7. Master planning for the domestic watersupply for six

medium-large cities in Indonesia: Six cities watersupply

project,

Abstract

R

.G. CAMPEN and E.J. WEDMAN

1 Introduction

1.1
1.2

The pro ject

Assignment and progress

2 Methodology

87
88
90
91

93
93
94
95
97
97

100

100

101

104

104

105

105
106
109
112
113
118
119
120
123

125
125
126
126
128
129



2.1
2.2
2.3
2.4
2.5
2.6
2.7

Watersupply situation in 1976
Water demand till the year 2000

Water availability

Design criteria

Organization and management
Economic and financial appraisal

Environmental aspects

3 Hydrology and hydrogeology

3.1
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.2

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9

Tasikmalaya
Introduction
Available data

Climate

Morphology, geology and hydrogeology

Surface water

Springs

Environmental aspects
Ternate

Introduction
Available data

Climate

Morphology, geology and hydrogeology

Surface runoff

Springs

Groundwater investigations
Water quality

Environmental aspects

4 General conclusions and recommendations

References

129
129
130
131
131
132
133
133
133
133
134
136
138
142
142
145
147
147
148
149



N.A. AMESZ

A.R. BERGEN

R.G, CAMPEN

J.M.G. VAN DAMME

F.J.H. DIRKS

G.F.J. JEURISSEN

P. SANTEMA

G. SANTING

E.J. WEDMAN

AUTHORS

Iwaco B.V., International Water Supply
Consultants, Rotterdam

National Institute for Water Supply,

Leidschendam

DHV Consulting Engineers B.V., Amersfoort

International Reference Centre for Community

Water Supply and Sanitation, Rijswijk

Iwaco B.V., International Water Supply
Consultants, Rotterdam

Groundwater Survey TNO, Delft

National Institute for Water Supply,

Leidschendam
Den Haag

DHV Consulting Engineers B.V. , Amersfoort.






INTRODUCTION

P. SANTEMA

Water is essential for life. It makes up nine-tenths of the human

body's volume and two-thirds of its weight. Without water, no one can
survive for more than a few days. This vital element covers about
three-quarters of the earth's surface. But 97.4 per cent is salt water
in oceans; 1.8 per cent is frozen in polar regions. Fresh water, needed
by human beings to sustain life, health and productive activities,
constitutes only 0.8 per cent of the world's supply. Furthermore, part

of this relatively small amount is contaminated.

For half the world's people - and three-fifths of those living in
developing couniries - reasonable access to a safe and adequate
drinking water supply is still more a wish than a reality. As an

answer to this problem the UN Drinking Water Supply and Sanitation
Decade (1981-1990) was agreed upon during the United Nations Water-
conference, held at Mar del Plata, Argentina in 1977. It was officially
launched 10 November 1980, during thé 3rd session of the UN General
Assembly at New York. The decade can be regarded as an initiative of

ma jorimportance wnich can mean a crucial change in the lives of many

millions of people in the developing world.

The limited availability of fresh water, its uneven distribution over

the earth's surface as well as the shortterm and longterm variations

of the rainfall put the hydrologists in a special position. It is their

11



task to indicate the possible resources for water supply for each
individual case. Especially in developing countries this implies a

challenge to develop suitable methods in this field of work.

The workshop on 'the role of hydrology in the U.N. Water Decade'
endeavours to give a review of the present knowledge and experience

in this field within The Netherlands.

12



THE REALITY OF THE WATER DECADE*

s
Qiggg

S~ J. M. G. VAN DAMME

ABSTRACT

The Water Decade is an attempt of governments and United Agencies
Organizations to take a major step in the provision of water supply
and sanitation facilities to the milliens of people who now lack
these services. The paper starts off with explaining how the Decade
resulted from a gradually growing awareness of the implications
there of both in terms of health and other issues; this is being
elucidated with tables.

In the attack of this complex problem new thinking on the required
actionswas needed; the usefulness of the Decade in this respect

is being discussed: such new developments as the required combination
of water supply, sanitation and health education; more emphasis on
social issues; and a distinction between support programmes and

coverage programmes are briefly reviewed.

In spite of recent negative publicity the Decade can be regarded
as a successful initiative. Arguments for this opinion are being given,
along with some figures regarding the present situation of external

financial support.

*) Official name:

International Drinking Water Supply and Sanitation Decade (1981-1990)

/i
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igure 1 You cannot be young enocugh to starting to learn how to carry

water. Bamako, Mali 1982. Photo: IRC - Toon van Dam
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1 INTRODUCTION

The number of pecple in developing‘countries that must do without a
proper daily supply of safe drinking water counts in the many millions.
Basic sanitation is even less frequently available than safe water.
The results of all this is that a large part of these millions suffers

from water and excreta related diseases. Many pecople, and especially

children, do not survive them.

Special attention for the drinking water supply and sanitation problems
in developing countries started in the seventies. The UN Conference

on Human Envireonment at Stockhelm (1972) was the first to come forward
with a public statement on the need of water and sanitation development:
'It is recommended that development assistance agencies should give
higher priority to support Governments in financing and setting up
services for water supply, disposal of water from all sources, and
liquid waste and solid waste disposal and treatment. Habitat (UN
Conference on Human Settlements, Vancouver, 1976) carried the message
further by recommendation C 12: 'Safe water supply and hygienic waste
disposal should receive priority with a view to achieving measurable
qualitative and quantitative targets serving all the population by a
certain date'. The year 1990 was specifically menticned in the implied
necessary actions. The UN Water Conference (Mar de Plata, 1977)
recommended subsequently 'the Decade 1981-1990 should be-designated the
Internaticnal Drinking Water Supply and Sanitaiion Decade and should be
devoted to implementing the national plans for drinking water and
sanitation'. A plan-of-action, contained in a specific resolution, worked
this recommendation out in further detail. The Decade was proclaimed in
Novembef 1980 in a special session of the United Nations General
Aséembly. The objective is: 'Safe water and adequate sanitation for all
by 1990, if possible’'.

One might wonder whether the proclamation of an umpteenth decade is
meaningful. I think that the answer is 'yes'. It needs to be considered
that the Water conference and the Decade have not developed out of
nothing. They are in fact carried by numerous officials and technicians
in dozens of countries, the governments of which have agreed to prepare

for the Decade and to implement it. It already begins te show that these

15



SBUTY) @PNTOUT JOU Op s8UndTY ( -

L2 029 L2 6Lt S €qe Ol 129 £4 LLE ol 94E Te30L
1) 96 LE 4} 19 L9 133 o]} sq 62 18 39 OTJ1oed uUJL]ISOM
62 9L 82 8S €1 44 21 L LS 7% 29 L UBBUEBIJDYTPON LJIB]SET
it 84 0z 0z we ne 4 € 96 we 114 Li ugadoung
91 Ll 81 il L 66 [} L2 15 clt LL 6l BYsSy j&ej-Uinog
414 wGL £4 61l W2 we €2 8e (19 (4] SL tei SBOTUDUY
[vF4 G9 L2 S9 1 LE €2 8 9t e 8h L BOTAJY
" (SuoY (Tiuw) o% (SUOTT[Tw) % (SUOTITW) 9 (SUOTTTTW) (SUCT[TTW) (SUOTTIW)

" ON ° “ON ¢ TON " “ON “ON ° “ON

0861 0L6t 0861 0l61 0861 0L61 uoTHoY

uoTqeindod Telo] uotqeindod fedny uoTderndod ueqdan

0861 - Q.61 ‘(Tesodsip ©39I0X2) UOTIe]TURS XOI BBHRISAOD SDTAISS POYLWTIASH 7 oTdRL

BUTYD @PUTOUT J0U Op S2.UNTTd (

i LE0 L 62 wes 2t 219 Sl €61 €L 618 L9 £33 Te3or

3] 68 g€ % 2h 19 €2 ae €L 113 9L [:14 OTJTOR] uUJ3ySaM

8h gel 13 8L 43 hs 61 9e 6L wl 6L 25 ueaueJ sl Ipo| UJldgsel
89 16 hs 1 95 on Sh 82 £8 1S 89 Le ueadodng
LE 66§ L gt 0f (514 6 19 99 St 0§ LL BISY 9sBE-YInog
09 612 €S 161 L€ 25 he 62 sl L9l 9L 443 SEOTJIWY
43 S0l 1e [ €2 19 €1 Lz cL i L9 14 BOTAJV
o (SUOTTTIW) ) (SUOT{TTW) (SUCT (W) (BUOTTTIM) (suoTfitW)  (SUOT{iTWw)

- oN % “on “on “oN b -on % “on

086t 0L61 0861 0L61 0861 0L6t uo1dey

uotqerndod Tejol uorjerndod [eany uorqerndod ueq.dan

(, 0861 pue Qr61 ‘ATddns zejem A3TUNWWOD JI0F 9HRIBA0D 80TAIDS POIRWTISH | STAEL

186



agreements are leading to results.

A good example of how meaningful such an endeavour maybe can be found

in Latin America. In 1961 Governments of that region agreed in a
conference at Punta del Este (Uruguay) to strive for water supply
facilities for 70% of the urban and 12% of the rural population. This
goal was indeed practically reached and several other initiatives led

to additional results, in particular regarding training and education,
financial systems and technclogy development. Essential elements for the
success of this initiative, and this unvariably is also valid for the

present Decade, were motivation, determination and co-operation.

The goal of the Water Decade is outright ambitious - as a goal should
be. The numbers of people who will have to be served over the coming
years can be derived from Tables 1 and 2 (taken from World Health
Organization, 1983). The overall situation is that in developing
countries approximately 70 % of those who live in rural areas, only 32%
have access to reasonable safe water and 15% to sanitary excreta
disposal facilities. Of the urban population, 73% have access to piped
water (54% through house connections and 19% through standpipes) and
53% to sanitary excreta disposal facilities. These facts became even
more dramatic when realizing that half the population of the world

(excluding China) live in developing countries.

2 HEALTH AND OTHER RELATIONS

Every hour, between 1000 and 2500 Third World children under five die
simply because they do not get clean water to drink or enough water to
wash themselves properly. Every year, somewhere around 6 million
children of the same age group die from diarrhcea. It is alsc known
that as many as half of all the hospital beds in the worid are occupied

by people with water-borne diseases.
Table 3 (taken from United Nations Development Programme) presents
a grouping of diseases related to water and excreta, and Table 4

gives figures for Africa, Asia and parts of Latin America in 1977-1978.

17



Table 3 Categories of diseases related to water and sanitation.

o Water-borne diseases
spread by drinking or washing hands, food or utensils in cohtamina&ed

water, which acts as a passive vehicle for the infecting agent.

e Water-washed diseases
spread by peoor personal hygiene and insufficient water for washing.
Lack of proper facilities for human waste dispeosal is another

contributing factor.

@ Water-based diseases

transmitted by a vector which spends a part of its life cycle in water.
Contact with water thus infected conveys the disease~causing parasite

through the skin or mouth.

® Diseases with water—related vectors
contracted through infection-carrying insects which breed in water and

bite near it, especially when it is stagnant.

» Fecal disposal diseases
caused by organisms that breed in excreta when sanitation is

defective.

18
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Tables 5 and 6 (taken from Agarwal, 1980), putting these and other

figures in perspective, speak for themselves.

Table 5 Estimated numbers of people suffering from water-related diseases

* 500 million people with trachoma (often causing blindness)
*’ 250 million people with elephantiasis

* 200 million people with bilharzia (snail fever)

* 160 million people with malaria

* 100 million people with diarrhcea (gastro-enteritis)

* 30 million people with onchocerciasis (river blindness)

Table 6 Alternative expression of tabel 5

The entire population of non-communist Eurcope partly blind with

trachoma

* Every citizen of the Soviet Union with the fat, swellen legs

of elephantiasis

¥ The whole of the United States of America urinating blood

from bilharzia

Everyone in Japan, Malaysia and the Philippines sweating

and shivering with malaria

Almost everyone in Brazil aching and incapacitated with

diarrhoea

The total population of Iran sightless from river blindness

20



Table 7 puts the water health relation in positive terms. It indicates
that water can have significant effects on several of the above-
mentioned and other diseases if adequate water supplies for bathing,

washing of clothes and cooking utensils, food preparation, and other

hygienic purposes are available.

Table 7 Estimated proportion of preventable water-related diseases in
East Africa in 1966

Percent reduction expected
if water supply were

Diagnosis excellent
Guinea worm 100 %
Thyphoid 80
Urinary schistosomiasis 80
Leptospirosis 80
Trypanosomiasis, gambiense 80
Scabies ) 80
Yaws 70
Inflammatory eye disease 70
Schistosomiasis, unspecified 60
Trachoma 60
Bacillary dysentery 50
Amebiasis 50
Dysentery, unspecified 50
Tinea 50
Gastroenteritis, 4 wk to 2 yr 50
Gastroenteritis, over 2 yr 50
Skin and subcutaneous infections 50
Diarrhea of the newborn 50
Paratyphoid and other Salmonella 40
Louseborne typhus - 49
Intestinal schistosomiasis 40
Ascariasis Lup
Louseborne relapsing fever 40
Otitis externa Lo
Classic skin (leg) ulcer 40
Trypancsomlasis, unspecified 10
Dental caries 10
Overall 52

Source: White et al., 1972

21
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There are several other implications of inadequate access to regular
water supplies. It hardly needs argument that productivity and education
are severely hampered if women or children have to fetch water daily
over distances of up to 12 km, and if men, women and children are unfit
for work or education, because of sickness. In many places lack of
regular water supplies leads to a heavy burden on the already scarce
financial means: water vendors are known to sell water (often of
doubtful quality) for a price which is sometimes up to 100 times the
price of water from a normal piped supply. In other places there are
environmental implications. Overgrazing of cattle near wells in the

sahel-area forms a disastrous contribution to deforestation.

A question often heard is whether better water and sanitation, leading
to better health, not automatically alsc leads to population increase
and thus increased hunger and poverty. The contrary is true: studies
and experiences of all kinds support the fact thatﬁa lower mortality

rate leads to a lower birth rate.

3 ACTION REQUIRED

There ar; as many Decades as there are countries and there are just as
many different situations, requiring different approaches. There are no
two countries alike, and there are no cut-and-dried approaches which

can be universally applied. There are differences in climate, in stage

of development, in pelitical structure, in cultural setting, in
population per unit area, in urban-rural ratic and in economic strength,
to mention only a few. In terms of water supply and sanitationdevelopment
these differences must firstly be reflected in the choice of technology -
several other papers of this conference deal with this subject. Secondly
the conditions in the countries concerned in a structural and
institutional sense (e.g. manpower situation, potential involvement of
the community, legislative arrangements, availability of data ete.)
determine to a high degree the viability of technical projects. In

many cases the conditions need to be improved before or at the time of

the construction of facilities.

23



It is for this reason that the World Health Organization (1981) suggests
that a distinction be made between coverage programmes and support
programmes. Coverage programmes seek directly to extend coverage; for
instance, by building rural water supply or water and sanitation
facilities. Supporf programmes reduce constraints; for instance, if a
government decides on .a plan for the attainment of Decade targets in a
large arid area of the country and a total lack of hydreological data
makes it impossible to carry it out, a 3-year groundwater study may be

required in support of the regional coverage programme.

WHO suggests that support programmes may be needed in the following
areas, each country having to define needs and content according to the
support required by its coverage programme:

- manpower development;

- communication and health education;

- community participation;

- information and technology;

- health and water-quality surwveillance;

- groundwater studies.

The support programmes on groundwater should pay particular attention
to: training of personnel; protection of aquifers against pollution;

water conservation; and hydrogeolegical data.

The described develcopment points in the direction of a need for
programmatic, next to, or even instead of project wise approaches.
Coverage programmes could according te WHO be directed to: rural areas;
urban fringe areas (squatter settlements, slums, shanty towns);

small and medium-sized towns; regions (large water catchment, river

basins, geographical areas); as well as intersectorial action.

In the past, many well-meant initiatives have failed. Part of the reasons
must be sought in the fact that projects were executed, for which the
supporting conditions were lacking. In many cases too little attention
was pald to the dependence of success; of other factors (such as revenue

cellection acceptability, maintenance opportunity, etc.). For

contributions by organizations and people from outside the particular

24



country (including e.g. international consultants), this implies that
more than in the past the situation in the country needs to be taken as
starting point of activities, which in turn must be characterized by a
flexible approach. The success of the process rather than that of the
directly visible result is the matter that counts. Especially transfer

of knowledge and know-how is thereby of crucial importance.

It is now generally felt that the results of the 150 or so Decades in

terms of health impact can only be significant if three elements water

supply, sanitations, and environmental education, are dealt with
simultaneously and co-ordinated. In terms of lasting effectively on the
longer term, human resources development (including community
involvement) and maintenance of installations are important. In terms of
more value for the (scarce) resources, more emphasis on rehabilitation
of decayed facilities is needed. From a water resources point of view
the Decades in the countries do not so much have to contend with a
quantity problem but partly with a distribution and partly a quality
problem. These require effective organization and generous co-operation,
two aspects which make the Decade efforts no less challenging than other

efforts in our society.

) STATE-OF-AFFAIRS

Much has been said, is being said, and will yet be said about the degree
of success of the Decade and the chances of attainment of its goals. The
Decade's succéess will be determined less by the number of taps and
pumps, than by the ability in the countries to self reliantly construct,
effectively maintain and adequately use them. From a development point
of view it will than be less important whether in a given country the
goal will be reached in 1990, 2000 or 2010. Obviously for many if not
most countries, the last cited date will be nearer to the goal of 100%
coverage than the former one. (Naturally from a human point of view this
makes a dramatic difference for the people concerned unfortunately that

sad fact cannot make the impossible possible.)

25



Figure 3 A new asset of the villageé; the Abidjan pump

Another often mentioned ~spect is that less international funding is
coming forward than was hoped for or expected a few years ago. This

fact means different things to different people. We all know that this
fact is heavily influenced by the present economic recession. There is,
however, another side to this. All the money in the world could not have
given water to all people, if the countries themselves would not take
the leading initiative. The happy other fact now is that the majority

of the developing countries take the Recade very serious and do take

the matching initiatives. That in the long run will prove more important
than a temporary increase of external funding. This is more so since
first the countries are known to finance 2/3's or more of the needed
expenditure from their own resources, and secondly the success of the

programmatic approaches as indicated earlier in this paper are more
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influenced by commitment and initiative in the countries than by the

amount of external funding.

It remains true, however, that in order to make significant progress on
the short term, more money is needed than now is being allocated. But
the actual situation is less discomforting than is often assumed. The
facts are that there is a steady increase of internal funding in all
developing countries for water supply and sanitation. Even the increase
is increasing; the éverage increase for water supply in the eightees is
13 times that of the seventies. The average increase for sanitation in

the eightees is 9 times that of the seventies.

As far as external financial support is concerned, the World Health
Organization (1983) reports that during the 1970s, assistance grew
rapidly as a number of bilateral development support agencies and
development banks took interest in the sector, e.g. the official
development assistance (ODA) of the 17 bilaterals of the Development
Assistance Committee (DAC) grew from an average of US $ 3555 million for
the years 1971-'73 to 9965 in 1979, 11361 in 1980 and 11663 in 1981. Out
of these average figures for sector distributed bilateral aid, the water
and sanitation constitued 1-2 % in the beginning of the seventies but grew
to an average of 6-7 % for the beginning of the Decade. Table 8

presents an overview of the current situation (World Health Organization,

1983) .

Table 8 Distribution of external support in the first year of the

Decade
1970-1979 1980 1981
(in millions of US Dollars)

Bilaterals 2 419.0 715.3 803.5
Development Banks and Funds 2 200.0 450.0 500.0
World Bank 2 850.0 631.0 641.5
United Nations 370.0 145.0 150.0
Non-Governmental Organizations 300.0 110.0 130.0

8 139.0 2 051.3 2 225.0
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There are other positive signs. Recent estimates by the World Bank
indicate that over 100 million people have benefitted from the provision
of water supply and sanitation sources since the Decade started. In over
80 countries natiomal action committees have been formed to specifically
concern themselves with the sector and more than 60 countries have set
specific targets; 50 of them have prepared concrete plans or are in the
process of doing so. The Steering Committee for Co-operative Action for
the Decade is developing into an action stimulating body which by some is
being seen as a good example of adequate co-ordination among programmes

of the United Nations Organizations.

The judgement of the present state-of-affairs depends on which questions

are being asked. The most important ones seem to be:

@ are better approaches being developed, leading to more lasting and
used facilities?

® are the benefits of water and sanitation being more appreciated and
are facilities more desired by the people concerned?

& do the countries assume more commitment regarding water and
sanitation, including the allocation of internal resources?

e do international agencies and bilateral donors take an increased

interest in the sector?

The overall assessment based on the answers will undoubtedly depend on
who does the assessment. A point of fact is that the answer to all
questions is 'yes', although 'yes' in varying degrees. There perhaps
lies the danger. Developments and actions may show a positive trend, but
maybe not be enough in the long run. The more reason to forcefully

build on them. It is up to all of us whether the final judgement will

lead to a selffulfilling prophecy uphill or downhill.
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HYDROLGGICAL PROBLEMS IN THE WATER DECADE-
WATERWISE PLANNING

A. R. BERGEN

ABSTRACT

The aspects of the hydrological problems of the Water Decade are being
detailed sub-sequently from source to consumer, taking into account

the respective policy, priority, quantity and quality.

To arrive to a choice of source, local and regional characteristics
such as climatology, ecology, .society structure, morphology and

geology should be considered thoroughly.

The hydrologist should be able to make an educated guess for the
selection of suitable sources, or using appropriate algorithms, rather
than absolute hydrological data, which are non-existent or incomplete
in all developing countries.

Due to shortage of available funds (economic recession) and the lagging
behind of human resources development, a pragmatic approach is being
suggested for the first phase of the water supply in the Third World,
according to appropriate (local)guidelines and reduéed service
level(s); thus reducing required investment costs.

At least operation and maintenance of the system should be paid by
consumers, to prevent deterioration of the system soon after completion.
The UN Water Decade is doomed to failure, unless a more cost-effective
approach will be acceptable. This should fit the local socio-economic
and health circumstances, whilst sufficient individual domestic

water supply should be preferred rather than drinkable water.
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1 INTRODUCTION

The objective of the UN Water Decade 1981-1990 can only be realized if
the Water Decade is reflected in the national development plans of the
developing countries themselves and in the policies of the International

Agencies (IBRD, ADB, UNDP, etc.) and the donor countries.

The hydrological problems of the Water Decade have to be traced back
to national or even local circumstances. The national and local
situations can be very divergent both from the view of hydrological

(infra)structure and hydrological characteristics.

Generally it can be said that hydrology is the basis for every form of
development, people settle near water, higher concentrations of people
near rivers. Where there are people there is water, where more people

settle, more water is required to maintain the livability.

The hydrological characteristics of the individual ecosystems involved,
along with other factors, will define solutions within the framework

of the aims of the Water Decade. .

Where is the requisite water to be found? The availability still plays
a central role. According to the discharge frequency curves of the
river Rhine at Lobith, the discharge in a 2% dry year (approx.

1000 m3/sec.) would be a sufficient quantity to cover the first phase

of the additional requirements in the whole Third World.

Throughout the world as a whole there is sufficient water to meet
human's need but unfortunately not always in the right place, at the
right time or in adequate quantities.

How can the local availability of water be controlled so that the needs

are fully met in a continuous supply?

In the Western World, the available water is predominantly used for
agriculture, industry and production of energy and only a small
proportion for domestic purposes. In the developing countries, most of

the available water is used for agriculture, but the development of
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industry is extremely important in the framework of economic self-
reliance (see Figure 1). However domestic watersupply, in spite of a

small part of the total need, is of equal importance.

AVAILABLE
WATER-
QUANTITY

T UN-USED

AGRICULTURE INDUSTRY AND
ENERGY

OTHERS

DEVELOPMENTSLEVEL. —»

Figure 1 Developmentpattern of water consumption

Even if water is scarce, the domestic need for drinking, cooking and

washing will always have to be met.

The redistribution of the available water or "socialization of water"

will therefore be the primary consideration.

I have chosen the following scheme for the hydrological problems ol

the Water Decade (Figure 2).

In this lecture the inter-relationship between source and consumer

as well as between consumer and source is illustrated exclusively

from the hydrological viewpoint for watersupply and sanitation.

For watersupplies we read the table from source to consumer. When

considering the sanitation aspect, a source is created around the

consumer leading to waste water, drainage and after waste water

treatment finally back to a source.
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The provision of watersupplies and sanitation is a iterative process
for the physical as well as for the non-physical aspects; we will
come back to that later.

The aspects of the hydrological problems of the Water Decade will be
detailed subsequently, following the points introduced in the

scheme.

HYDROLOGY

SOURCE

POLICY |
|
i

WATERSUPPLY

PRIORITY
QUANTITY
QUALITY
CONSUMER

SANITATION

T" WATERBALANCE

Figure 2 Watercycle

2 SOURCES
Which sources are locally or regionally available?

These sources are given in Table 1.

Table 1 Suitable sources

SYSTEM URBAN | SEMI-URBAN | RURAL
SOURCE
RAIN WATER - * M
SURFACE WATER + + +

GROUND WATER + 4 + '

SEA(BRACKISH)WATER PM, .M _—
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Rain water, in general, is probably not adequate as a source for urban

watersupplies, although it can be used together with other sources,

or as a real alternative in rural or semi-urban areas, when there is a
lack of ground or surface water. Rain water systems are more cost-
effective and appropriate to individual family dwellings or small

communities.

situations. These are the need for treatment, operation and maintenance

fully by skilled personnel and relatively costlier per cubic metre.

Groundwater is unquestionably preferable as a source for drinkingwater

supplies.

Sea or brackish water is included for the -record, but should be used

only whilst lacking other sources.

In general it can be stated that data concerning rainfall, surface
water discharges and groundwater bearing formations are either
non-existent or incomplete in all developing countries. At the same
time, the effort and money required for intensive studies or data
collection are not available. A choice of source must however be made
within a reasonable time span, in order to enable the realisation of
project implementation for watersupply systems, within reasonable
project planning time scales. To this end, the hydrologist, taking
into account socio-economical, cultural, institutional, legal,
political and environmental factors will have to make systematically
a rapid analysis of the water problems identified within a defined
area and make recommendations concerning the selectionsof sources.
This should, if possible, be followed by a preliminary hydrological
survey .

Information from the local population and their direct involvement
in projects from the beginning, i.e. a '"bottom-up” approach will
simplify the task of the hydrologist. Monitoring and evaluating this

information with modification where required will allow the

hydrologist to make the right choice of source (educated guess).
Depending on the scale of the watersupply system, the investments
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involved and having made the choice between surface water or ground-
water, the hydrological investigation will vary in depth.

Any treatment and intake works coenstructed, in most cases, need to be
designed to meet the water demands of the population for the next
10-15 years, initial costs being high.

However for a normal groundwater system a more phased approach can be
used for investment with phases of 1, 2 or 3 years. Therefore the
choice of surface water as a source appears to be open to mistakes,
more prone to modifications etc.

Lacking of geohydrological data in general, will favour an easy choice

for surface water as a source.

To arrive at a choice of source, the following local and regional
characteristics will have to be considered: (see Figure 3)

* climatology

¥ ecology

* society structure

* morphology

* geology.
CLIMATOLOGY
ECOLOGY
SOCIETY i
WATER SUPPLY STRU CTURE) WATER DISCHARGE

MORPHOLOGY

\

GEOLOGY

Figure 3 Scheme of the hydrological problems
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2.1 Climatology

The basic water resource is rain. In humid areas the variations in
quantity and time is small in comparison with that of the arid areas.

The variation in mean yearly rainfall makes statistical analysis of

rainfall data almost impossible in dry areas.

The mean annual rainfall varies from 500 to 1500 mm. For the Saharal
region the rainfall is normally below 500 mm/year: (from 1968-1973 the
rainfall varied from 100 to 600 mm per year, which caused excessive

drying in the area).

In other areas of the world there may be no rain at all for one or
more years. On the other hand, areas, where rainfall is excessive
during a few months each year, are flooded e.g. Ganges, Indus and
Mekong deltas in Asia.

With these two extremes, the possibility of using the rainwater as a
source is limited. In some arid areas with high temperatures and
relative low humidity, evaporation occurs at a higher rate than
rainfall.

In Lac de Guiers in Senegal, there is a total depth of water of 3 m
of which 1} metres evaporates each year.

As the bottom of the lake is covered with one meter of silt, only

0,5 m of water remains available as a water source for Dakar.

2.2 Geology /morphology

The hydrological problems of an area are closely related to its
geological, geohydrological and hydrogeclogical structures, from soft

rock, limestone (karst) to hard rock, coastal plains to mountain

region.

Although during the training of Dutch hydrologists and hydrogeologists,
all these aspects are being studied, in a broad spectrum, there is
generally little empha<sis on practical experience in the field apart

from in soft rock engineering. Even in soft rock areas the geological
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situation can be very different from what we are used to in our delta
areas, for example due to the presence of a lot of silt and clay,
together with salt (brackish)-fresh groundwater.

Likewise in volcanic areas, there are often considerable amounts

of heavy metals in the sub-soil, which will be apparent in groundwater
analysis.

Also a high fluoride content in groundwater is quite normal.

In The Netherlands, apart from localised soil pollution, only iron,

manganese ammonia, chlorides etc. are recognized within the groundwater.

Also because of build-up in surface drains, there are factors to which

we are unaccustomed and the hydrologist is failed or unable to find

a solution.

The hydrographic pattern of flood streams can comprise peaks and
extreme seasonal effects. Consequently the hydrologist is using

calculated guess work rather than absolute data.

The hydrologist should be able to make an educated guess or using
appropriate algorithms.

2.3 Ecology

The local, regional and international ecology is affected by both

natural phenomena and also by human's activities.

Soil erosion has extremely increased in the Sahel due to the drought;
this, in turn, leads to the formation of deserts. The process is
speeded up by large scale programmes for well boring. The previously
nomadic people remain close to the wells for longer periods causing
over-population and over-grazing. Exhaustion and erosion of the soil

follow rapidly, hastening the deterioration to desert conditions.

Tropical rain forests govern ecological conditions on a world's scale.
The ecological balance is therefore threatened by deforestation due to
uncontrolled felling of trees, a consequence of t+2 increase in

population and the corresponding increase in demand for food, wood for
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fuel and charcoal (energy supplies).

It is estimated that in the year 2000 half of the world's forests

will have disappeared.

In industrialized areas the forests are continuously threatened by
acid rain. Deforestation leads to sharply increased run off of rain
water, flooding of rivers and reduction of rain water infiltration

into under ground-strata.

Materials wich have a detrimental or dangerous effect on the population
or the environment, can be freely exported to many developing
countries. Due to lack of alternatives, and in the absence of good
agricultural techniques, the farmer is forced to use them and is left
with the ensuing negative consequences.

It is estimated that each year 900,000 people are poisoned.
Furthermore, these substances, depending on their persistance,
percolate through the sub-soil to coptaminate the groundwater and via
drainage, ﬁhe surface water. The use of fertilizers, for example, in
developing countries is alarmingly.(In 1975 14 million tons were used

and the estimate for 1990 is 48 million tons.)

2.4 Society structure

The tendency to urbanization of the world's population (now 40%,

and estimated at 50% in the year 2000) is particularly noticeable in
“the develoring countries.

In the year 2000 it is predicted that there will be at least 18 cities
with populations of over 10 million. (Mexico City with 30 million and
Tokyo and Sao Paulo with 26 million appear to be the largest cities

by prediction.)

Increasing urbanization poses many problems for the environment as
hydrological aspects result in the release of untreated domestic waste
water with the consequent pollution of surface water. This will be

seriously detrimental to the environment.
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More complicated treatment for drinkwater and waste water systems will
demand high investment costs. At present approximately 10 million

cubic metres of water are supplied daily to urban areas in India.

In the year 2000 39 million cubic metres of water will be required

each day.ﬂA heavy demand on watersources is inevitable. For example in
Jakarta, the groundwater table has been lowered by more than 10 metres
in the past 10 years.

In developing countries there are usually a great number of agencies
involved with hydrological problems without adequate legal or controlling
measures. Public Works, Water resources, Agriculture, Irrigation, Health
etc.: all with their own political views and conflicting interests.

The work of the hydrologist is additionally complicated by the fact

that he often has to deal with decentralized government agencies at

national, provincial and local levels.

The unstable political situation in some developing countries can have
an adverse effect on project planning.
The problems with the availability of measuring data and information

has been mentioned previously.

3 POLICY
Which policies are followed in respective countries?

Since the United Nations Conference on Water in 1977 at Mar-del-Plata

and the subsequent inauguration of the Water Decade in November 1980, most
recipient and donor countries have generally adhered to the objectives

of the Water Decade. However what have all the countries involved

actually done to realise these objectives?

An important first step must be the establishment of National Action
Committees (NAC). By the first of July 1981 there were committees of

this kind in 48 developing countries. The remaining 5S4 countries checked

had at that stage no such committee. Another important point is that
in the developing countries great attention has to be paid to the
organizational and institutional aspects to promote a national policy

for drinking water and sanitation.

40



It appears that the responsibility for water related activities in

the many developing countries is shared by divers Ministries.

Authority is also often delegated to lower government agencies and

other related institutions.

In order to undertake long term planning and execution of large scale
watersupply and sanitationprogrammes, it would appear that the overall
responsibility should be rested in one ministry or institution, which has
the‘authority and national recognition to make decisions which will

facilitate the efficient implementation of any programme or project.

Generally speaking at this point the hydrologist is placed in the
invidious position of having to change his recommendations due to there
being no one overall controlling organization but many, with conflicting

interests.

Sector Planning should on the one hand fit the requirements of national
and regional government for macro-economical planning, whilst on the

other hand fit the sector planning needs.

In practise, sector planning is often a compilation of projects; but
should be more a country-wise sector development.

Operation and maintenance procedures on completed projects are some
what lacking and very often these non-physical aspects are neglected

or introduced too late.

A great deal of attention must be given to manpower training and

development in order to avoid the situation where watersupply systems
break down faster than new systems are installed, due to poor

operation and maintenance.

It would appear that manpower development and training is important
in every project in every sector, especially for:
- governmental organizations

- water enterprises
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- local consultants
- material suppliers
- manufacturers

- contractors

- non-governmental organizations (NGO).

Regarding the rural water supply areas, it 1s presently proposed to
concentrate as a priority area, on the real water users i.e. the women-
folk who are responsible for their family's watersupply.

The women appear to be greatly concerned with the efficiency of rural
water installations. -

It may be concluded, having reviewed many developing countries,

that no consistent policy exists for the implementation of the

objectives of the United Nations Water Decade.

4 PRIORITY

Which priorities are being laid down, and which should be laid

down?

The main isers of water have already been mentioned:

agriculture

- industry

energy production

- dinkingwater supplies.

Which sectors should be given priority, i.e. to which sector should the
prime sources in the area be allocated, if there is a shortage of

water?

In practise, there is no balanced priority formula.
Politicians tend to give priority to the area where most votes can be
won. Even areas with desparately urgent health problems (such as

epidemics) are not always given high priority.

If funds f»r development are scarce, attempts for gradual improvement

of watersupplies for as many people as possible on a cost-effective
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basis must be made.

Donor countries and international institutions often give preference
to particular sectors and therefore can keep the local contribution

to this sector at a reasonable level; due to inflati-n during the
implementation period however, local contribution covers very often

the greater part of expenditure on water.

Most resistance to the use of groundwater as a source for domestic

watersupplies comes from the agricultural sector.

One must realise that man can survive

-5 minutes without air

-5 days without water, and

- 50 days without food

and that therefore perhaps drinking water systems should enjoy priority

above agriculture.

For priority ranking in the selection of the source, the following

recommendation is given:

® short term: a) groundwater, if data are’available;

b) surface water;
® Eggg_gggg_i a) groundwater: investigate groundwater potentials
through extended groundwater resources surveys;
b) surface water; collect measuring data etc.
Resistance to the allocation of high priority to watersupplies and
sanitation is a result of:
* development of other sectors, to obtain consistant integrated
development of the area;
¥ pural versus urban development instead of balanced regional
development;
* shortage of funds for development;
socio-economic and cultural factors; can the consumer pay for the
service and does he want to give priority to helping the
development of the service?

* shortage of technical and hydrological information;
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* shortage of (an) institutional organization(s);

* shortage of trained personnel/skilled manpower.

5 QUANTITY
What quantities are we considering and what are the consequences

of these decisions?

In industrialized countries the water consumption per capita per day
lies between 100 and 500 litres. The consumption per capita per day

in the developing countries lies between 5 and 200 litres, debending on
the local circumstances and the watersupply system (rural or urban).
(For public hydrants, 5-40 litres and yard-and house connections

30-200 litres.) In general, these gquantities are not ensured daily,
not even after full completion of the watersupply systems. If a shortage
of water occurs 1in the system, one or mére supply areas are being

cut down for some hours and sometimes for some days.

This designed capacity for consumption is primarily limited by the
yield of the water source or sources, as well as by the funds

available for the construction of watersupply systems.

The ability and the willingness of the consumers to pay at least for
operation and maintenance of the system should alsovbe a limiting
factor. Because, if operation and maintenance is not ensured by the
contribution of the consumers, the system will deteriorate soon and
begin out of order afterwards. The installation of sewage/drainage
systems has to be considered parallel with that of watersupply systems.

The World Bank has designed algorithms for the choice of sanitation

techniques for pit latrines, septic tanks or sewerage systems,

depending on the use of more or less than 50 litres per capita per day.
6 QUALITY
What quality of water must be delivered to the consumer?

The WHO quality guidelines were chosen as starting points for the

UN Water Decade.
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The belief that standards should be lowered according to local
circumstances and that twice the number of systems should be
constructed for half the cost appears to be steadily gaining support.
Why should one adhere to the guidelines of 0,00 ... mg/l or O.
E.-Coli/100 ml, when the local population in developing countries is
used to boil their drinking water anyway, or could be taught to do s0?
Due to dirty buckets to fetch the water from the public hydrants,
uncontrolled reservoirs in the houses, and temporarily break down of
the supply system causing contamination, one should admit that the
bacteriological quality of the water at the consumers, is far lower
than that delivered from the pumping station. The Water Decade’
unfortunately has coincide with a world wide économic recession and
if one clings to existing WHO guidelines, is liable to be a failure.
It is therefore logical pragmatic to work to lower yet recommended
guidelines according to the choice of source and the local socio-
economic and health situation. In Indonesia, the distinction between
the supply of "Air Bersih" (clean water) and "Air Minum" (drinking-
water ) is already clearly understood.

The emphasis on maintaining quality should be directed to the water
enterprises and to the consumers as well, by health education

(i.e. the third point of the golden triangle: watersupply sanitation
and health education).

Besides attention for an appropriate waterquality the aim should also
be to provide enough water for bathing and personal hygiene, thus
reducing the incidence of water washed, such as food-borne, eye and

skin diseases and roads for pathogens.

Quality guidelines should be appropriate for local circumstances.

For example, from a point of view of operation and maintenance, which

is very of'ten neglected in developing countries, it might be considered
to supply slightly agressive water, which helps to keep the distribution

svstem clean.
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7 CONSUMER

Beginning with the consumer, using the iterative process from

source to quality, the necessary limitations can be identified.

In the middle of the 60's with the setting up of Masterplan and
feasibility studies it has been attempted with sociological and economic
studies to be as accurate as possible with the requirements of the
consumer, the development of waterneeds over a period of time and the
ability to pay for the water (a tailored approach).
Presently in some developing countries, Indonesia among others, the
first phase of watersupply development is based on a standard approach -
the Basic Needs Approach.
For Indonesia, the Basic Needs Approach is as follows:

* at maximum 60% of the population in the area will be supplied
with water;
average consumption is 60 l/c.day for household connections
and 30 l/c.day for public hydrants;
the ratio of house connections to public taps is 1:1;
standard increases, percentage-wise for industries/commercial

consumption and losses through leakage.

After having determined the standardized water demand, the choice of
source has to be made quickly and the project implemented in a
relatively short time period. The standard approach facilitates first
phase designs, cost estimates and budgetting, ordening of pipes,
accessories and equipment, checking of designs and supervision.
The standard approach greatly speeds up the entire process of planning,
design, tendency and implementation. In this way there is an apparent
growth in the national watersupply connection percentage.
Combinations of service level against daily water use per capita are
cutlined in the following representations.
In the West a 100% level of service is expected:

* sufficient water must be available 24 hours per day;

* there must be sufficient pressure;

¥ the quality of the water must be up to WHO guidelines, i.e.
drinkable from the tap.

It should be mentioned that in many Western countries the 100% service

level, particularly regarding the quality, is not reached. In countries
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such as Spain, Southern France, Italy, Greece etc., the water at the tap
is certainly not always reiiable drinkingwater. Why should that be the
strived for design criterion for installation of watersupply systems

in developing countries in the framework of the Water Decade?

According to common practice in developing countries, less water is
being supplied of lower quality under lower pressure and districts are
being cut down for hours/days if there is not sufficient water available
or due to a breakdown at the pumping station{ repair of equipment is
being taken care of not before the spare equipment is also out of order
etc. Operation of a pumped supply less than 24 hours per day is common
practice. In my opinion, it is therefore realistic for watersupply
systems in rural, semi-urban and urban areas in developing countries,
depending of course on local conditions, to accept a level of service
lower than in industrialized countries in order to be technically and
economically attainable.

This may mean:

- less than 24 hours per day supplied water from the water enterprise;
- lower pressure;

- lower water quality standards.

All must be within easy reach of the hydrological, socio-economic,
budgetary and exploitation capacity for that area and its consumers.
Through a combination of a standard approach and a flexible service
level, many more systems can be installed more rapidly and at much
lower costs. In Tables 2a and 2b an example of the quality and quantity

guidelines and appropriate service level are given.

Table 2a Recommendations on quantity and quality and service level

TYPE OF QUANTITY |QUALITY |SERVICE |PRESSURE

SYSTEM  [INL/CD |WHO HRS/DAY {IN MWC
GUIDELINE

WESTERN

STANDARD 100~500icomeLETE | 24 30

DEVELOPING COUNTRIES

= HOUSE . ~ —
e couuecnousl 60~150 |rebucep |10-24 15-25
# {YARD - -
:counscmmsl 40- 80 |repucen (10-24 | 5-15
wipysLiC

o HYDRANTS 10~ 40 |rEDUCED {10-24 ]| 5-10

47



Table 2b Recommendations on quantity and quality and service level

TYPE OF SYSTEM |QUANTITY| QUALITY |SERVICE | PRESSURE
iNL/CD. HRS/DAY | IN MWC.

DEEPWELLS/ 10 - 30 NOT CON- 24

HANDPUMPS TROLLED
RAINWATER NOT CON-
COLLECTORS 5-10 TroLLen| 24 -
PRIVATE
"
SYSTEMS : ? ? ?

Flow restrictions, scattered reservoir capacity in the houses and as the
public taps, reduced peak factors and reduced diameters of transport

and distribution mains will reduce the capital investment cost per
capita.

For comparison of the necessary capital investment involved, Figure 4

shows the investment per head at a reduced service level, indicated

100%

SERVICE
LEVEL IN

N

P

I
02 2 20 200 2000
—» INSTALLED CAPACITY IN LITERS/SEC.

Figure 4 Investment cost for reduced and full service level
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against the investment required per head to attain a 100% service level.
Depending on the local circumstances, and after the socio-economic needs
and ability to pay to make the system self supporting have been
determined, the initial system installed by the government should be
capable of self development and self financing. It is obvious that good
management of the system is imperative. The government must also cater
for the non—phyéical aspects of maintenance and management simultaneously
with the physical installation of a system. This and other factors will
lead to more even government expenditures in the sectoral planning and
implementation of watersupply schemes and sanitation.

By reducing the supply requirements to a limit, the problems of the

UN Water Decade will be more readily solved.

Although the relationship with sanitation has already been mentioned,
one must now take a more detailed look at this topic. As was stated
previously regarding watersupply and sanitation, is the iterative nature
of the process. Water intake from a source of a suitable quality and

in the right quantities, finally leads to the consumer requiring a
drainage sewerage system in order to improve the sanitation. In this
case the run off waste water in combination with rainwater and surface
water drains will have always to be carefully controlled.

The run-off of water from the consumer, whether or not combined, finally
reaches the surface water and/or the groundwater and will there or

elsewhere be recycled for watersupplies again.

This iterative development of water cycles I have visualized in a
spiral, in Figure 5 a spiraling process, between watersupply and
sanitation. In practice the rural systems within the spiral appear

to lag the urban systems. However it is most important to see that the
spiral is well formed in which case the hydrological questions of the

UN Water Decade will be solved in a reasonable way.

The state of affairsat a certain moment is indicated by a point in one of
the gradients. Spiraling outside to the right to reach a higher level

of watersupply and sanitation development. A small step in the development
of watersupply might create an equal or bigger sanitation problem, which
has to be solved in due time.

For existing urban systems it is getting time to solve discharge and

49



SOURCE
SuUPPLY

f

RURAL SYSTEMS

SANITATION¢— - »WATER SUPPLY

URBAN SYSTEMS

o i

v
DISCHARGE

Figure 5 Iterative development water cycle

sanitation problems; although for small systems the available funds,
in general, are still being spent for the watersupply development.
8 CONCLUDING REMARKS
Hydrological problems in the Water Decade regime a pragmatic approach
to bring the UN Water Decade to reasonéble, acceptable results in
1990.
One should accept an as good as possible doing of the job:

* without all required data and measurements;

% with flexible solutions and standard approaches/modules;

* making use of the available resources, data, local and

expatriate manpower, local and foreign fundcs;
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pressed by policy-makers with priorities and goals set for;

with flexible design criteria for quantity and quality; depending

on local circumstances sometimes with emphasis on water quantity

rather than water quality;

with the consumers, concerned and their willingness and ability

to pay for the services;

* with appropriate service level, etc.

Waterwise planning is obvious from the hydrological point of view.

For this water ballet, the hydrologists need local/regional water
balances being improved and safe against the multitude of disturbing

factors.

The real water balance in any area will be controlled by many factors,

including uncontrolled growth structures, customs and regulations,
with insufficient information and technical data, short and long
term variations etec.

In order to solve the problems of the Water Decade, one must strive
for a systematic improvement of the water balance in the region or

country.

New and appropriate methods are also needed and ‘highly desirable,
making use of the best techniques, including computers, available
and developing sciences, which can produce rapidly efficient and
effective results for the vast number of schemes to be implemented
in such a short period of time.

This is the only source, giving us certainties from uncertainties.
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THE ROLE OF HYDROLOGY IN THE WATER DECADE

G. SANTING

ABSTRACT

Although the general purposes of hydrological investigations for public
water supply within the framework of the Water Decade are the same as
those of such investigations in The Netherlands, the character of the
investigations may be different. This is caused by two circumstances.
In the developing countries emphasis will sometimes be laid differently
with respect to the general purposes of the investigations; e.g.
environmental effects of the expleitation of water resources will often
not weigh as heavy as they do in The Netherlands and consequently they
will need less investigations. The second factor affecting the character
of the hydrological investigations i1s the difference in social, struc-
tural and hydrological conditions under which the investigations have
ta be carried out. The hydreological character of the area of study, the
availability of data, financial resources, manpower, experience,

equipment etc. generally differ widely from those in The Netherlands.

Consequently the character of hydrological investigations for water
supply in developing countries may alsc differ in various respects from
those in The Netherlands. As a rule the sccial and structural conditions

of the country affect the type of hydrological investigations more
profoundly than the hydrelogical conditions.

A different character of the investigations may, in its turn, make

different demands on the capabilities and experiences of the hydrologist,
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as compared with his colleagues in the home-country.

1 AIMS OF HYDROLOGICAL INVESTIGATIONS FOR PUBLIC WATER SUPPLY

As the purpose of the present paper is to treat of the typical character
of hydreolegical investigations for water supply within the Water Decade.
or more concretely, the differences and agreements in comparison with
such investigations in The Netherlands, it is necessary to put down

first the aims in general of the investigations. Although the subject

of the investigations in question is public and sometimes also

industrial water supply, it is clear that quite often multiple-purpose
investigation programs, e.g. also for irrigation or water power, are
carried out. In this paper, however, only investigations for public
water supply, in rural areas sometimes including water supply for cattle,

will be dealt with.

The general aims of hydrological investigations for public water supply

can be described as fellows.

~ Finding suitable water scurces and evaluating their yields and water
gquality for drinking water purposes. '

- Determining the suitable technical means (wells, intakés etc.) for
water recovery.

- Determining the best ways of controlling, managing and exploiting the
water sources, both from the peint of view of water reccovery and with
respect to the environment and the interests of other users of the
water source.

- Evaluating the effects of other human activities, such as defore-
station, land reclamation and the discharge of waste water, on the
yield and water quality of the water sources, and determining the

measures to be taken to reduce the harmful effects.

These general aims of hydrological investigations for public water
supply hold good both for The Netherlands and for the Water Decade.
However, the investigations themselves may differ in various respects.
This is due to two causes.

In the first place the emphasis with regard to the aims may be put
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differently. In develeping countries environmental aspects e.g. will
often be considered as of mineor importance; in other instances the need
of water may be so urgent that good management and development of the
water source will not immediately get sufficient attention.

In the second place conditions in developing countries will nearly always
differ widely from those in The Netherlands. This is not only true for
the hydrological conditions but alse for the scocial and structural ones.
As differences in the conditions under which the investigations have to
be carried out, may greatly influence the character of the latter, this
point will be examined more closely. Therefore first the conditions in
The Netherlands will be compared with those in develeoping countries
(Chapter 2.); after that the influence of those differences on the

hydrological investigations will be discussed (Chapter 3).

2 CONDITIONS WHICH AFFECT THE CHARACTER OF HYDROLOGICAL INVESTIGATIONS
2.1 Conditions in The Netherlands

A distinction should be made between hydrological conditions and those
of a social and structural nature. As the latter have a greater
influence, they will be dealt with first.

- Basic data over long pericds are available and easily accessible.

~ A dense network of hydrological cobservation stations exists.

- As a rule sufficient financial means for the investigations are
available.

- Sufficient knowledge, experience, manpower and equipment are present.

~ There is generally a good co-dperation between the different govern-
ment offices and other agencies or organizations active in
hydrological work. Even with neighbouring countries co-operation
and exchange of information are good.

- A great deal of attention has tco be paid te the effects of the use
of water source on the natural envirconment and the consequences for
other users of the same source. A typical feature in this connection
is the partly artificially controlled groundwater level near to
groundsurface, as required.by the farmers in The Netherlands.

Groundwater withdrawals causing a lowering of the groundwater table,
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are heavily coppesed by the farmers.

As to the general hydrelogical conditions prevailing in The Netherlands,
the following picture, which of course must be very sketchy, can be
given.

- The general hydrological conditions in the country are known; the
locations for new well fields are already approximately known before-
hand. Hydrolegical investigations, therefore, are often rather local
studies, in order to fill up the details in an already known general
picture.

- The Netherlands are a delta of powerful rivers which, during most of
the Pleistocene era, built up mighty alluvial formations, generally
of good permeability. Transmissivity values of more than 10,000 mz/
day are known.

~ Rainfall, averaging 750 mm/year, is quite favourably distributed over
the year; evapotranspiration leaves a useful yearly rainfall excess of
some 200 - 300 mm. Annual variations are small.

- The water sources, both groundwater and surface water, are of a
permanent character; storage of water for public wéter supply is,
from a quantitative point of view, not necessary, but is sometimes
necessary for reasons of quality because of human-made polluticn of
the sources.

- In the river watersheds and groundwater basins great changes rarely
cccur. (The recent Zuyderzee reclamation works and the construction
of the long sea-walls in the Meuse and Scheldt river estuary are
exceptions.) Discharge and sediment transpeort of the Rhine and other
rivers, seen over longer periods, are fairly constant. It may be
stated that a stable hydreleogical situation exists in The
Netherlands; the water regime and the water balance are almost fixed
data.

2.2 Conditions in developing countries

When dealing with this question, one should keep in mind that there is
not a homogenecus group of developing or Third-World countries.

Climateological, geclogical, hydrolegical, social, economic conditions
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show great differences. Differences and agreements with conditions

in The Netherlands will vary from country to country. In a shert paper
like the present one, it is not possible to deal with all those
variations; a certain generalization has to be introduced, with the
emphasis on those characteristics and features which are of most interest
in the scope of this paper. This will mean that, if in a certain instance
it is stated that hydrolegical basic data are scanty in the local
archives, there are also developing countries which have good archives
and quite well functioning hydrological services. Such cases, however,

are of less interest in view of the purpose of this paper.

So, in a very general way, the following conditions in developing
countries can be mentioned, first the social and structural ones and
after that the hydrological conditions.

- Expedients generally are limited; few basic data, few hydrological
observation stations, few maps, insufficient manpower éen expéerience,
poor equipment, few roads, inaccessible areas.

- Government offices often work inefficiently and suffer from bureau-
cracy; government officials from the capital may object to visiting
rural areas and deing field work. The competition between different
ministries and the reluctance of the employees to take any
responsibility hamper the acquisition of infeormation and data by the
consultant.

~ Co-operation with neighbouring countries is not always possible due
to politiecal controversies. In case river or groundwater basins which
belong te more than one country, have to be studied, this lack of
co-operation may seriously hamper the work.

- Proprietary rights of land and also of water may be quite different

from what is customary in The Netherlands.

It would not be fair to Jjust mention these shortcemings without trying
to explain how or why some of them have come inte existance.

In the last few years before their independence and in the first years
after that date conditions in many former colonies were rather
diseordered. Archives may have got lost, observation stations may have
been destroyed or abandoned, pecople in charge may have moved or have

disappeared, funds to repair damage or engage qualified personnel were
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lacking.

Another problem is caused by the rapid changes in the natural environment
and hydrological conditions by human activities in the last decades in
many parts of the world. Because of this fact the hydrological regimes

in the affected regions may have changed too. Consequently the long
series of hydrological observations of the colonial pericd have lost

part of their usefulness, as they cannot be used straightaway for an
analysis of present-day conditions.

Still another problem which arises in very poor regions is the difficulty
to maintain the equipment of hydrological observation stations.
Particularly the metal parts of the installations are sought after by the
local peopulation for making knives and other tools of: )

A fourth example to conclude with: many developing countries are overrun
with foreign missions, consultants, experts etc. Now, becausé of lack of
co-operation between the different ministries and government agencies of
the country in question, thare is a fair chance that two missions one
after another and each one for a different ministry, visit the same

area ask the same questions, try to get the same answers. Moreover,

most of these visits deo not answer the expectations of the local rural
autherities and people, viz. a rapid improvement of their living
standard. This situation may easily lead to a refusal of the people

to co~operate with the foreign expert.

Now, something has to be said about the hydrological conditions in the
countries for which in particular the Decade was started. It is clear
that the hydreclogical conditions may differ in so many ways from those
in The Netherlands, that it is hardly possible to give a relatively
complete review of these differences and agreements. Moreover, such a
review would not essentially contribute to a better understanding of
the fact that hydrological conditions have an effect upon the character
of hydrelogical investigations, than a few typical and interesting
examples do. v
- One of the most conspicuous differences is the size of the hydreological
and hydrogeological units, the river and groundwater basins. In The
Netherlands they are small and coften independent of each other;
if in N-Brabant large amounts of groundwater are being withdrawn,

effects in the nearby Veluwe are none, and vice versa (provided that
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the amounts withdrawn in N-Brabant remain below the limit of the
safe yield and de not result in a depletion of the groundwater
reservoir). Such conditions of course are alsc known in most other
countries. However there are many regions in the world where the
units are much larger. This is particularly so in arid and semi-arid
regions where rivers and surface water divides, normally econstituting
boundaries of hydreological units, are absent.
Because of the above-mentioned feature and other ones the areas to be
investigated by the hydrologists generally are much larger than those
in a small and densely populated country like The Netherlands. Moreover,
great differences in topography, geclogy and climate may exist within
a single area, whereas on the other hénd relatively little hydrelogical
data of the area is avallable.
- As to the sub-scil conditions, it should be remarked that in many
parts of the world the bedrock is already encountered at a shallow
depth below ground surface (e.g. the Precambrian shield in Africa,

South America and Asia).

Figure 1 Outcrops of bedrock in savanna, Kano State, Northern Nigeria
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Transmissivity of these formations and of the thin covering layers
often being small, groundwater resources in such areas are generally
quite poor and rivers depend mainly on rainfall; in dry periods

they carry little or nc water whereas in the wet season they may
cause wide-spread and sometimes devestating floods.

Thick unconsclidated sediments, on the other hand, do not always
guarantee the presence of good groundwater reserveirs, even in
countries with abundant rainfall. E.G. in the Northern coastal plain
of the island of Java, Indonesia, Quaternary marine and volcanic
sediments of several hundred metres thickness have a transmissivity
of only a few hundred m2 day.

The physical and chemical properties of groundwater may ask special
atttention in connection with water supply projects. In tropical
areas a water temperature of 300 C is still quite favourable, but
much higher temperatures, especially of water from deep acquifers
also occur frequently.

The groundwater may have certain unexpected chemical properties, which
are unknown in The Netherlands. In Upper-Velta, e.g., groundwater with
1600 microgr. of arsenicum per litre was found invnewly drilled wells
for a rural water supﬁly project. The arsenicum originated from
pyrite and arsenc-pyrite in the Precambrian bedrock below the
aquifer.

Still less known is silenium, which was encountered as a salt in high
and dangerous concentrations (2 50 pom) in groundwater from a depth
of 200 m at Balikpapan, Indonesia. Alsc fluorides and heavy metals
should be mentioned.

Another phenomenon which affects the chemical quality of the ground-

water, is a consequence of the rise of the sea level by some

100 metres at the beginning of the Holocene period, ten millennia
age. The phenomenon to be described takes place where thick sediments
are present below the bottom of a littoral sea. If the top layers of
these sediments consist of clay or other almost impermeable materials,
the weight of the rising sea water causes a compression of the
underlying sediments, therehy expelling part of the (generally salt)
water contained therein, This expelled water will be pushed landward
through the more permeable strata, may contaminate fresh-water

bearing aquifers in the coastal land &drea and explains the presence
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Figure 2 Groundwater expulsion from submarine aquifers by the rise of the ocean level
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of brackish water in aquifeers far inland where never the sea has

been since the end of the Pleistocene.

Still other influential hydrological ceonditions have to be mentioned.
In deyeloping countries the hydreleogist will more often than in The
Netherlands be faced with situations in which the water source or

the environment has got into a bad or even dangerous condition due

te improper management and expleoitation of the source. The hydreleogical
world, even in the Western part, is full of examples of bad management
or bad designs, as e.g. silted-up reservoirs, aquifers contaminated

by saline intrusions, areas suffering from subsidence, and irrigated
areas turned inte salt deserts.

Seme regions are, contradicteory teo a first impression, particularly
sensitive to human interference. If e.g. in an arid area a town gets

a public water supply system, the inevitable leakages and the
discharge of waste water may constitute an important new replenishment
of the groundwater and this in its turn may result in a quite
unexpected rise of the groundwater table of several metres.

Raising the ground surface in new buildings areas in arid or semi-arid
regions, thereby reducing evaporation losses from former marshy

areas, may also result in an unforeseen rise of the groundwatertable.
Te illustrate the importance of this phenomenon it is pointed out

that the elimination of an evapotranspiration loss of 10 mm/day over
area of e.g. 500 x 500 m2 already corresponds with an extra
replenishment of the groundwater of 100 m3/hour,.which is quite
considerable in a region where the natural recharge is very small.
Finally something should be said about boundary conditions, a very
important item. (Boundary conditions are the conditions of inflow,
outflow, water levels etc. that are present at the boundaries of the
basin or aquifer and that govern the water movement through it.)

In The Netherlands boundary conditions are rather constant, apart
from seasonal and small yearly variations. The effects of human
interferences generally are small and of only lecal impertance; their
influence on the hydrological regime and the watér balance can be

fairly well calculates or predicted. Even cenditions in the basins

of the big European rivers crossing the borders of the country are

quite stable. Hydraulic and other water-related engineering works can

be designed with a high degree of accuracy without great unexpected
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risks of failure.
This is not the case in many of the developing ccuntries. There the
natural environment is changing rapidly, often at an alarming rate.

Consequently also the hydrological conditions are rapidly changing.

The causes are well-known: excessive population growth, decrease of
forest areas, giving up of traditicnal agricultural methods and
traditions of conservabtion of natural resources, large-scale urbanization,
wars, the construction of huge dams in the big rivers of the world, etc.
To illustrate the magnitude of these causes, a few figures. The rapid
population growth in some of the developing countries will result in
doubling the number of inhabitants within 20 or 30 years, which will

require a duplication of Jjobs, towns, and all other infra-structural

matters.
Yearly Duplication of
population growth peopulation in
2% 35 years
3% 25 years
4% 19 years

The pressure of the growing population and the shortage of arable areas
and grazing grounds in many parts of the Third World forces the farmers
to cultivate less suitable grounds and to cut down the forests. This in
its turn will increase the dangers of erosion and of climatic changes.
The use of wood for fuel for cooking also constitutes a threat to the
preservation of forests in the drier regions of the weorld. It is
estimated that in a semi-arid and sparsely populated country like

Niger the need of fuel for fires and other domestic purposes amounts

to 0.6 m3 per head and per year. In that country the preduction of woed

3

from natural forests and savannes is about 0.2 m~/ha per year. The
total population of Niger, numbering 5,5 million, therefore, would need
16,5 million ha for their fuel demands, an area equalling more than 4x
The Netherlands. As the forest area is smaller than needed, there is
over-harvesting of wood and the forest area is decreasing. The areas in
the world covered by tropical forests are also rapidly decreasing;
every minute some 20 ha of tropical rainforest is burnt or cut down,
which makes 10 million ha per year or 3x The Netherlands. It is obvious

that such rapid and widespread changes will have an effect upon the
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