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Simple Technology of Shallow Wells
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ABSTRACT

: Provision of clean and safe water to all people is a major preoccuparion of governments of develop-
i ing countries. Owing to limited resources some countries have opted for the simple technology of
shallow wells particularly for rural water supply schemes. One such country is Tanzania where shallow
wells have now been in use for over 10 years. )

It is shown from Tanzania's experience that shallow wells are much cheaper to construct than any of
the alternative systems. Two types of shallow well are in use, namely the hand-dug and the hand-drilled
well with the latter preferred in high yielding aquifers. The characteristic problem of a shallow well
is its relatively limited yield. Hand pumps fitted on some of the wells pose serious problems at times
il due to frequent breakdowns.

Results of some of the shallow well programmes have shown that investigations prior to sinking of
a well are important. The villagers should be fully involved in the shallow well programmes. Countries
should share their knowledge of shallow well technology. Indeed shallow wells will beconie increasingly

4 important in developing countries especially during the test period of the International Water and
Sanitation Decade.
LA
INTRODUCTION of the rural population had access to a source of

In most developing countries a greater percent-
age of the population lives in rural areas. For this
reason such countries have placed much emphasis
on rural water supply schemes. A number of inves-
tigators, among them Feachem et al. [1], have
pointed out the relationship between improvement
of water supply and reduction of diseases. Thus

limited. To give but one example, Tanzania has
set a target to supply all its people with cleun
water by 1991. By 1980 only 3 million pcople
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clean drinking water [2]. The population of
Tanzania in 1991 is expected to be 23 million
people. Therefore, in order to meet the 199]
target, about 2 million additional people have to be
provided with water supply annually. In the whole .
of 1979 the new supplies provided for a population
of only 400000 or approximately 20% of the an-
nual target. The shortfall is mainly due to limited

s improving rural water supply in etfect cuts down funds and lack of skilled manpower. In order to
a nation’s health bill. Conventional water supply meet the target, Tanzania needs to spend US $29
systems are expensive and require skilled manpower  million annually in water supply development pro-

s to build them. This has called for development of grammes. However, actual allocations over the
simple, inexpensive technology of water supply last ten years were US $15.5 million annually {3).
for rural areas of developing countries. One such Unless there is a speedy recovery of economies,
technology which is gaining ground is that of a developing countries will continue to experience
shallow well. Experience of the author’s own great difficultics in meeting targets set within the
country, Tanzania, indicates a great potential for  International Water and Sanitation Decade.
shallow well technology in rural areas. Shallow wells are suitable for developing coun-

- Provision of water supply to rural areas is tries because they are cheap to construct and do
beset with problems and limitations. The budget not require maintenance by highly skilled person-

o allocation to water supply development is often nel. Nonetheless, shallow wells also have their

problems. Since Tanzania has provided most of
the case studies cited in this paper. it is appro-
priate to discuss briefly its demography.
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DEMOGRAPHY OF TANZANIA

Mainland Tanzania with an approximate sur-
face arca of 885000 sq km is divided into 20
administrative regions as shown in Fig. 1. Accord-
ing to the population census of 1978 Tanzania
has about 17 million pcople [4]. The growth rate
of the population is between 1.7--4.6 percent

_ with a national average of 3.3 percent. About
" 85 percent of all the households are located in
rural areas.

The consequence of the national villagization
programme is that practically all the people are
now living in villages. The national census of
1978 indicated that 96 percent of all the house-
holds are in villages. The average number of
people per household is 4.2 and 4.8 for urban and

¥

rural areas respectively. Population density varies
between 7 70 people per sq k. The national
average density is 19.

SHALLOW WELL TECHNOLOGY

Shallow wells are preferable to other water
supply systems in rural areas because they are
comparatively cheaper and take relatively shorter
periods to construct. The experience of Tanzania
5] shows that the estimated unit cost per capita
for a shallow well and a borehole are US $9 and
US $78 respectively. Thus the cost of a conven-
tional borehole is about nine times more ¢x-
pensive than a shallow well. The saving in costs by
construction of shallow wells is significant for
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developing  countries having limited financial
resources. The level of technology is such that the
villagers themselves could easily construct and

maintain a shallow well. A minimal degree of

training is needed to enable the rural population
to do this. To cut costs even farther it is better
to involve villagers in the construction through a
self-reliance programme.

The level of technology is
such that the villagers
themselves could easily
construct and maintain a
shallow well

Two types of shallow wells are prevalent in
Tanzania. The first one is made by sinking con-
crete rings of height 0.5 m and diameter 1 m. The
depth of this well could be up to 10 m. The
excavation is done either manually or by a
small tractor and a handpump is fitted in some
cases. The second type of shallow well is. strictly
speaking, a borehole sunk using inexpensive
technology. Ordinary hand augers are used to
drill this typc of borehole. Machine augering is
sometimes employed. The well is provided with
PVC screen and casing of much smaller diameter
than a hand-dug well. This hand-drilled type of
shallow well is suited to aquifers with yields of
more than 1000 litres per hour. Hand-drilled
wells have proved successful in the Morogoro
Region (see Fig. 1).

Blankwaardt [6] made a survey of construction
costs of wells in Morogoro, Tanzania. The respec-
tive cost estimates for hand-dug and hand-drilled
wells not exceeding 6—7 m depth are US $1000—
1550. The hand-drilled shallow well is cheaper
because the short duration of construction cuts
down labour costs. For interested readers, the
technology of shallow wells based on Tanzania
experiences has been well documented by the
Dutch consulting engineers DHV [7].

WATER SUPPLY FROM SHALLOW WELLS

In Tanzania, shallow wells have been con-
structed in various regions such as Lindi, Mtwara,
Morogoro, Shinyanga and Mwanza. Consultants
and contractors for regional shallow well pro-
grammes in Tanzania normally come from the
donor country or agency. Consequently each
region has its own modifications incorporated
into the construction technology. A casc in point
here is the handpump: there are more than three
types of handpump in use.
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The relative low yicld of a shallow well makes
it ideal for rural areas where consumption is
minimal; water is used for domestic purposes,
mainly drinking, cooking and occasional laundry.
Rural population in most developing countries
does not apply water-borne sanitation practice.
A shallow well is normally designed to supply a
population of 200 people., on the average. For
Tanzania this population corresponds to 40
houscholds based on the census of 1978, In
general. the average consumption of water in
rural areas of Fast Africa is 15--35 litres per
capita per day [81. At the high range one shallow
well should yield 7000 litres per day to supply
200 people. This yield is equivalent to about
290 litres per hour. For such a yield a hand-dug
shallow well is sutficient.

Table 1 gives the proportions ot population
served by shallow wells in some regions of Tan-
zania. Data to compile Table 1 were taken from
the Proceedings of the National Conference on
Wells, Morogoro, Tanzania, August 18--22, 1980.

TABLE 1

Population* using shallow wells in regions of Tanzania

Region Poputation Number Pop. % Donor

of wells served Served
Shinyanga 1.323 1000 0.293 22 Netherlands
Lindi/Mtwara 1.300 600 0.120 9 Finland
Morogoro 0.939 2500 8.750 80 Netherlands
Mwanza 1.443 540 0.162 11

World Bank

*Population figures in millions

Figures given in Table 1 for the number of
wells in the Mwanza region are only target figures.
It is reported that 63 percent of all villages of the
Singida region in Central Tanzania obtain their
water from shallow wells located in the river
alluvium [9]. The Morogoro region is most suc-
cessful in terms of the proportion served by shallow
wells. The hydrogeology, with the earlier ex-
perience of the Dutch experts in the Shinyanga
region, contributed to successful developments in
shallow well technology in the Morogoro region.
One such notable success is the handpump
developed by Dutch experts in the Morogoro
region which is the most reliable in use¢ in Tanzania
at present.

Shallow well technology is being developed in
other countries as well. For instance an efficient
handpump is reported to have been developed in
Zimbabwe [10]). The pump is available in a kit
form for less than US $75. From tests carried out in
Zimbabwe the pump has been found efficient to
depths of up to IS m. The pump can lift 20 litres
per minute. This makes the pump operative for
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hand-dug as well as hand-drilied wells. It is to be
lroped  that other countries would adopt this
Zimbabwean pump. The Lutheran World Federa-
tion (LWF) has a project in Zimbabwe, which has
d target of sinking 1000 wells by the end of 1984
and supplying enough clean water for half a mil-
lion people. To date the LWE has been able to

. Itis to be hoped that other
countries would adopt this
Zimbabwean pump

sink more than 70 wells [11]. It is not known
what proportion of the wells is gomng to be
constituted of shallow wells. What is known,
though, is that the LWF project is going to
depend a lot on participation by the rural popula-
tion itself through self-reliance. At least the idea
of utilizing simple technology for water supply is
catching on in a number of developing countries.

LIMITATIONS AND PROBLEMS

The major limitation of a shallow well is its
relatively low yield. A properly designed shallow
well is capable of yielding about 7000--10 000

- litres per day, a yield sufficient for about 200
people at the high range of consumption, i.c.
35 litres per capita per day. This limits the
application of shallow wells to small villages in
rural areas. For large villages a number of wells
would have to be sunk. In this case benefit-cost
ratio analysis would favour other more sophis-
ticated water supply systems. The high growth
rate of population in rural areas of developing
countries means that the population of even a so-
called small village may increase considerably in a
10-ycar period. The yield from a shallow well
may not then be sufficient. This poses a serious
q.uestion to planners; should shallow wells be
regarded only as a short-term solution for rural
water supply?

r The hydrogeology is responsible for limitation
of yield from shallow wells. Shallow aquifers can
not be found everywhere. Thercfore, only certain
regions orareasin a country can use shallow wells.
The limited thickness of aquifers implies limited
storage capacity, which could be depleted in case
of excessive exploitation or in the absence of
direet recharge of the aguifer by rainfall. High

“cvapo-transpiration rates, typical of tropical
irggions, greatly limit the amount of direct re-

= charge and hence thorough investigations are

“hecessary before siting of shallow wells. A num-
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ber of shallow wells sunk by Finnish experts in
Mtwara region, in south-east Tanzania, dried up in
1981.

There are still some problems with the hand-
pumps fitted on the shallow wells in Tanzania;
they breakdown often. Different types of hand-
pumps are in use in the country. In the Shinyanga
region the Dutch designed a wooden pump which
is an improvisation of the UNICEF pump and
Uganda pump [2]. This pump requires a lot of
maintenance which the villagers are incapable of
providing. The Finnish engineers used a pump of
their own design in the Lindi and Mtwara regions.
This pump seems to have had partial success.
In the Morogoro region Dutch engincers designed
a pump which appears to be more successful than
the other two types mentioned above. This pump,
though, needs a lot of force to work. Women and
children who often fetch water from the well
have to strain their muscles; but compromises
have to be made in any design.

Maintenance of the well itself by the villagers
is a problem to some extent. For the sake of
convenience the villagers prefer to do their
laundry and clean their dishes adjacent to the
well. This poses a threat of contaminating the
water in the well surroundings either directly or
by seepage from the surface. The only solution
to this problem would be to give public health
education to villagers. They should also be
trained to do small maintenance jobs on the
pump.

Funds allocated towards water supply develop-
ment often are not sufficient. Fortunately the
technology required in shallow well construction
does not require much foreign exchange. Hand-
drilled wells may not be so appealing because
they need PVC casings and screens which in-
troduce an element of foreign exchange in the
cost. However, funds so required are insignificant
compared to the cost of sinking a conventional
borehole using sophisticated rigs or to costs of a
system with long lengths of distribution pipe.

CONCLUSIONS

Until such times as developing countries are
able to afford more sophisticated water supply
systems, shallow wells should be used for rural
water supply. Yield capacity of a typical shallow
well is sufficient for a village of between 200-
500 people at the maximum. Although the con-
struction costs for a hand-drilled well has some
foreign exchange involved, it should be preferred
to the hand-dug well because of its higher yield
capacity. Hand-dug wells have the advantage, in
that they do not necd formally trained personnel
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to design them, as is the case with hand-drilled
wells. Villagers could easily construct hand-dug
wells  themselves. The funds and manpower
available, together with the hydrogeology would
dictate which type of shallow well should be
constructed.

Villagers could easily
construct hand-dug wells
themselves

It is stressed that even in the case of the
application of simple technology, investigations
are necessary. Money spent on  investigations
prevents the bad experience of dried up wells.
Efforts should be made to involve community
participation in shallow well programmes. It is
bad to site a well where none of the villagers
would feel inclined to use it. Documentation of
technology of construction based on experiences
in Tanzania and elsewhere is now available. There
should be intercountry exchange of such docu-
ments to prevent duplication in investigation
activities. Perhaps the Information Reference
Centre (WHO) could promote such exchange
through their publications and newsletters. More
research is needed on the handpump.

Insufticient fund allocations hamper the pro-
gress of water supply development in developing
countries. If countries are serious about providing
clean and safe water to all before the turn of next
century, additional funds need to be allocated.
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Vth World Congress on Water Resources

DATES: From 9th to 15th June 1985.

THEME: Application of Water Technology to Rural Areas and their Communities.

PLACE: Brussels International Conference Centre, Brussels, Belgium.

ANNOUNCEMENT: The first announcement, containing more detailed information on the scientific pro-
gramme, includes instructions to authors of abstracts and final registration forms as well as further information
on the accommodation facilities and social programme.

SCIENTIFIC PROGRAMME: It will include invited lectures on selected topics, free communications and
poster sessions on all aspects of Water Resources.

PROGRAMME FOR ACCOMPANYING PERSONS: In addition to social events, tours to the most attractive
spots of Belgium will be provided.

TECHNICAL EXHIBITION: Under the same roof as the Congress, a technical and book exhibition will be
organized. :

INFORMATION:
Vth World Congress on Water Resources -- [WRA
Brussels International Conference Centre
Parc des Expositions
B-1020 Brussels
Belgium
Tel. 32/2/478.48.60 — Telex 23.643.
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ABSTRACT

Groundwater quality in the agricultural states of lowa, Kansas, Missouri, and Nebraska (U.S.A.) is
Sfound to vary with depth, location and ownership of well, time of sampling, and geological features.
Shallow wells are much more susceptible to contamination than deep ones from surface sources. It is
observed that depth and non-uniform well construction practices are two major determinants of ground-
water quality. Statutes in these states recognize pesticides and herbicides as potential sources of conta-
mination, but at this time do not specifically include any provisions to protect groundwater from con-
tamination by other sources. This paper describes the status of groundwater quality conditions in the
states of lowa, Kansas, Missouri and Nebraska and discusses research priorities and potential policy
options for the protection of groundwater in these states. These discussions would be of value to water
resource scientists, planners and administrators, especially those in regions of the world where large
doses of chemical supplements are used in crop production.

INTRODUCTION

With increased pressure to produce more food,
wiiter resource problems could become magnified
in those parts of the world where high yield crop
varieties are cultivated with large doses of chem-
ical supplements. The worldwide use of commer-
cial fertilizer has increased over six-fold during
the last thirty years. The major regions of inten-
sive fertilizer use are located in parts of Western
Europe, the United States, Japan, and Eastern
Europe. For example, in the early 70s, average
fertilizer application rates were in the range of
3570 kg of nutrients per arable hectare in Japan
followed by 195 in Western Europe, 180 in East-
ern Europe, and 85 in the United States [1]. The
impact on these region’s groundwater quality from
such chemical applications and other non-point
sources is not a well understood phenomenon.
Available scientific evidence is often sketchy and
conflicting [2]. There is also a lack of reliable
Tong-term data for interregional comparisons. This
g}udy will attempt to illustrate sclected issues in
groundwater protection by discussing the prob-
lems and policies of four states in the agricultural
pidwestern region of the United States.

0250-8060/83/$3.00
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The midwestern region of the United States has
long been known as ‘the nation’s breadbasket’, for
it contains some of America’s most productive
agricultural lands. States in this region (including
Ilinois, Indiana, Iowa, Kansas, Minnesota, Mis-
souri, Nebraska, and Wisconsin) are consistently
ranked among the top ten in crop and livestock
production. In 1980, nine of the top ten states in
total acreage of principal crops harvested were
Midwestern States, with lowa and lllinois being
ranked first and second respectively. Also, in cattle
and hog production. Midwestern States were in
the majority in the top ten during 1980 [3]. While
fertility of soil in the Midwest plays an important
role in this success, perhaps the greatest contri-
bution to this productivity can be traced to gene-
tic improvements and chemical supplements.

Major pollutants from agricultural watersheds
include sediments, nutrients, and pesticides, all of
which have significantly increased in surface and
groundwater of the Midwest during the last two
decades. In this region, the use of fertilizers and
pesticides have played an important role in in-
creased crop yield. It is quite likely that a portion
of these chemicals not utilized by crops eventually
enter ground and surface water through leaching

© Llsevier Sequoia/Printed in The Netherlands



Editorial
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The World Water "83 conference, which took place
in J.ondon during July, was a landmark event. As the
first truly global meeting on the topic of the United
Nations Water Decade programme since its official
launching at the U.N. General Assembly in New York
o® November 10, 1980, the mere convening of this
donference made it of extraordinary importance.

+ Early on in the meeting consultant engineers were
catching some heat for their traditional roles in the
developing world. T think, however, it is important to
point out that the creation of the World Water '83
conference by the Institution of Civil Engineers was
made largely through the efforts of consultant
engineers. British consultant engincers have been of
particular importance in mobilizing support and
interest and momentum for the entire Decade pro-
gramme.

+ As was eloquently pointed out in the meeting,
iherely providing the mechanical access to water does
not necessarily change people’s health status nor
necessarily reduce infant mortality with the spec-
tacular rapidity we would like. The quantity of water,
in addition to its quality, the concurrent availability
of sanitation, the availability of soap and the intro-
Guction of hand washing practices as well as a whole
variety of other behavioral changes are essential if one
is to achieve significant alterations in a population’s
diealth. This may take place, additionally, over a
rguch longer time frame than we might wish.

It was perhaps inevitable that the conference
should have focussed on the Decade in terms of
assessing the progress or lack of progress that has
Been made. A great deal of focus centered on the
shortcomings of the level of financial support. |
believe, however, that if one looks at the handicaps
under which the Decade was started, and the progress
that has in fact been made, we have cvery reason to
feel quite gratified.

It is true that we would like to see more measur-
able progress in terms of an increase in the number of
people served by this point when 25 percent of the
Ipecade is over. On the other hund, we have seen
s'pcclaculur levels of activity in many countries.
Several old hands in the international agencies have

pressed to me their astonishment at the level of
commitment some governments have given to the
Decade.

The World Water '83 meeting revealed profound
changes that have been occurring in the water and
sanitation field, which are related to the Decade
programme, at least occurring concurrently with it.
Some of these changes include a shift in priority to
increasing access to water for those populations living
.in rural areas: a shift to using lowcost appropriate
technology: and a shift in financial resources where,
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despite an apparent shortfall in tunding for the water
sector, many developing countries have significantly
increased their own budgets for water projects, and
much work is being done under other labels such as
integrated rural development.

Overall 1 feel very encouraged by how much has
been achieved so far in the Water Decade. One fact of
which we were reminded during the conference is
that fifty per cent of all the unserved people in the
world live in four countries, India, Pakistan, Bangla-
desh and Indonesia. Each of those nations has taken
the Decade very seriously and all are making signifi-
cant strides to achieve its goals. As we heard, India
is producing 100000 handpumps a year ---a rate that
will assure full coverage of the population by the end
of the Decade.

Perhaps one of the major shortcomings of the
Decude is a lack of any adequate structure for evalua-
tion and monitoring of the progress. [ proposed at the
conference that the Decade would be well-served by
the creation of a completely independent body
comprised of prestigious individuals in the water and
sanitation field who are unaffiliated with any of the
U.N. entities. Hopefully such a body could assess the
effectiveness and accomplishments of all of the
entities, governmental, inter-governmental and non-
governmental, involved in the Decade and would
point out areas where improvements could be made
and successes or failures identified. [ believe the
result of such a prestigious independent panel making
this sort of assessment would be that there would be
a far greater inducement to demonstrate clear progress
and to alter policies and prograums that were not
working because of the global exposure they would
receive.

Although we are cager to have a special focus on
human use, the political reality in most developing
countries is that water will never be separated as a
special priority from the more economically con-
sequential aspects of water resource development,
such as irrigation and hydroelectric power. It is
therefore essential that we address the Decade at the
national level within the overall context of water
resource development and encourage governments to
exploit the entirety of this resource appropriately
and for their people’s needs.

The Institution of Civil Engineers should be
congratulated for producing such a highly successful
and much needed event uas the World Water 83
conference. 1 certainly will look forward to World
Water "86 with eagerness.

Peter ;. Bourne
President, (Global Water
Washington, D.C.

© Elsevier Sequoia/Printed in The Netherlands



EDITORIAL STAFF

Editor-in-Chief: Glenn E. Stout
Technical Editor: W. H. C. Maxwell

ASSOCIATE EDITORS
Karl E. Hansson (USA)
Hiroshi Hori {Japan)
Carlo Lotti {Italy)
Jerry D. Priscoli {(USA)
Donald Tate {Canada)
Vujica Yevjevich (USA)

PUBLISHER:
Elsevier Sequoia S.A. (Switzerland)

IWRA OFFICERS
President:

Jean-Pierre Garbe (France)
Past President:

Guillermo J. Cano {Argentina)
Senior Vice President:

Peter J. Reynolds (Canada)

Vice Presidents:
Bonrood Binson {Thailand)
Thomas Chapman (Australia)
Santiago Isern {Argentina)
Mohamed Abdel Samaha (Egypt)
Secretary General:
José Maria Martin-Mendiluce {Spain)
Deputy Secretary General:
Carlo Lotti {Italy)
Treasurer:
George H. Davis (USA)

STANDING COMMITTEE CHAIRMEN
International Cooperation:
Carlo Lotti (ltaly)

Geographical Committees:
Hiroshi Hori {Japan)

Membership:
Malin Falkenmark (Sweden)

Publications:
Glenn E. Stout (USA)

Technical Programs:
Enzo Fano (ltaly)

DIRECTORS

Louis M. de Backer {Belgium)
Joaquin R. Bustamante (Mexico}
Luiz Veiga da Cunha (Portugal}
K. V. Krishnamurthy (India)
José Llamas {Canada)

Nikolai Pessikov {USSR)

Cid Tomanik Pompeu (Bracil}
Adriaan Volker (Netherlands)
Zhang Zezhen (China)

SPECIAL REPRESENTATIVE TO UN
Robert D. Hayton (USA)

SPECIAL REPRESENTATIVE TO FAO
Carlo Lotti (Italy)

SPECIAL REPRESENTATIVE TO UNESCO
Jean J. Fried (France)

EXECUTIVE DIRECTOR
Chalmer G. Dunbar (USA)

AD HOC COMMITTEE CHAIRMEN
Land Water Resources:
Enzo Fano {Italy)
Ocean Water Resources:
Asencio Lara {Argentina)
Task Group on Training Programmes
Jerry O. Priscoti {USA)

WA' o @ -
ER AIRE

INTERNATIONAL

International Water Resources Association
Association Internationale des Ressources en Eau
Asociacion Internacional de Recursos Hidricos

Water International is the official magazine of the International Water
Resources Association. 1t serves as a vehicle to bring to its readers current
news about the Association, activities of IWRA and its committees and
members, and other important and interesting events in the international
water resources field. As an international forum for water resources
activities, it also carries reports on important water projects around the
world concerning their financing, planning, development, design, con-
struction, operation and manayement; socioeconomic, ecological, and
environmental problems of international interest related to water; reviews
state-of-the-art reports, and world news of the water resources profession;
information on professional and educational water programs, opportunities,
and assistance; and announcements on various products and services in the
field of water resources.

Water International is a magazine publishing mainly articles catering to
general readers. Contributions of interesting news and articles of interna-
tional flavor in the field of water resources are welcomed.

Articles: Piease send articles, to he considered for publication to: Glenn
E. Stout, 2535 Hydrosystems Laboratory, 208 North Romine Street,
Urbana, 1L 61801, U.S.A.

General instructions on manuscripts for Water International are as
follows: all text material should be typed double spaced on one side only
of 22 cm by 28 cm (8% inch by 11 inch) good quality white paper with
25 c¢cm {1 inch) margins at the top, bottom, right, and left of the page.
Pages should be numbered. All figures and photographs should be supplied
as either “originals’” or “'glossy prints’” and all lettering must be carefully
done and easily readable. International units of measure are adopted. Ref-
erences should be indicated by numerals in square brackets, introduced
consecutively and appropriately in the text. References must be listed on
separate sheet{s) at the end of the paper.

News and Meetings: Please send news and meeting announcements to
W. H. C. Maxwell, Department of Civil Engineering, University of |llinois
at Urbana-Champaign, 208 North Romine Street, Urbana, IL61801, U.S.A.

Copyright: All copyrights are reserved by Elsevier Sequoia on behalf of
IWRA. Quoting or reproduction of items from this magazine may be
granted on reqguest.

IWRA Business Office: IWRA, P.O Box 42360, Washington, D.C.
20015, US.A

Subscription tnformation: Subscription price for 1984 (Vol. 9)
SFr. 130 (U.S. $65) incl. postage. Subscription orders should be sent to
the publishers at the following address: Elsevier Sequoia S.A., P.O. Box 851,
1001 Lausanne 1, Switzerland. Information on advertising in Water Inter-
national can be obtained from: Elsevier Scientific Publ. Co., Advertising
Manager, P.O. Box 211, 1000 AE Amsterdam, The Netherlands. Custom-
ors in the United States and Canada may obtain information from: Journal
Information Center, Clsevier Science Publishers, %2 Vanderbilt Avenue,
New York, NY 10017 {Tel. 212-667-9040).



