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Preface

The focus of the Sixth Global Environmental Forum, which was
convened by the United Nations University (UNU) in Tokyo, Japan,
on 25 June 1997, was on ``Water for Urban Areas in the 21st Cen-
tury.'' The sixth Forum, like the preceding ®ve, was organized with
the support of a leading Japanese construction company, Obayashi
Corporation.

The topic for the Forum was selected because water and waste-
water management for the urban areas of the developing world are
likely to become increasingly important and complex tasks during the
®rst half of the twenty-®rst century. When the issues of increasing
water scarcities and accelerating water pollution in and around the
urban centres of the developing world are superimposed on the con-
tinuing trend of rapid urbanization, the magnitude and the extent of
the problems associated with the issue of water and wastewater
management for the urban areas during the twenty-®rst century are
likely to increase signi®cantly compared with what they are at
present.

The problems facing the urban areas of the developing world can
be realized from the following selected facts:
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Urbanization
. In 1950, 30 per cent of the global population lived in the urban

areas. By 1995, this ®gure had increased to 45 per cent, a 50 per
cent increase. In certain countries such as Nigeria, the urban popu-
lation increased by more than four times during this period.

. By 1995, 70 per cent of the population of Europe, North America,
Latin America, and the Caribbean were living in urban areas.

. Currently some 30±35 per cent of people in Africa and Asia live in
urban areas. These two continents are now witnessing high urban
growth rates estimated at roughly 4 per cent per year.

. Between 1950 and 1990, the number of cities with a population of
over 1 million increased almost four-fold, from 78 to 290. By 2025,
this number is estimated to increase to more than 600.

. By 2015, the population of mega-cities such as Bombay, Jakarta,
Karachi, and Lagos is expected to increase by more than 90 per
cent. In contrast, Tokyo is anticipated to grow by only 10 per cent
during the same period.

Water supply and wastewater management
. In 1994, approximately 280 million people in urban areas did not

have access to a water supply. Among the urban poor, less than
30 per cent of households were connected to water distribution
systems.

. Very few urban centres can provide water that can be drunk safely.
Not surprisingly, the consumption of bottled water among the af-
¯uent sections of society is increasing exponentially. In India, for
example, between only 1992 and 1997, the annual consumption of
bottled water increased 4.5 times.

. In 1990, 453 million people (that is, 33 per cent of the urban
population) had no access to sanitation. By 1994, this number
had increased to 589 million people, or 37 per cent of the urban
population. Present trends indicate further increases in coming
years.

. Irrespective of of®cial statements, only about 2±6 per cent of sew-
age collected in major urban centres of Latin America is properly
treated at present.

. The costs per cubic metre of water for new water supply projects in
real terms are now 1.5 to 3 times the cost of the previous generation
of projects. Thus, the investment requirements for new water pro-
jects would be signi®cantly higher than are estimated at present.
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Health impacts of the above factors
. Unsafe drinking water is responsible for 80 per cent of diseases and

30 per cent of deaths in developing countries.
. Altogether 1.2 billion people suffer annually from diseases caused

by unsafe drinking water and/or poor sanitation.
. More than 4 million children die each year from waterborne

diseases.
. In the developing world, 15 per cent of children will die before

reaching the age of 5 as a result of diarrhoea, which is caused by
poor water supply and sanitation.

The above facts, as well as numerous other associated issues,
clearly indicate that the developing world faces a mammoth problem
in coming decades, in terms of water supply and wastewater man-
agement in urban areas, whose magnitude and complexity no other
generation in human history has had to face. In addition, and irre-
spective of global rhetoric, the overall global situation in terms of
good-quality drinking water and proper wastewater treatment during
the 1990s has been progressively deteriorating, in terms of both ab-
solute numbers as well as the percentage of the urban population
affected.

Because of this critical situation and current unsatisfactory global
trends, the United Nations University decided that the Sixth Global
Environmental Forum would focus on water for urban areas in the
twenty-®rst century. Eight of the world's leading experts from differ-
ent disciplines, institutions, and countries were speci®cally selected
for the Forum, and were then invited to prepare background papers
within an overall integrated framework, and also to lead the dis-
cussions during the Forum. We are indeed very pleased that all our
®rst-choice speakers promptly agreed to participate in this important
meeting. The Forum was speci®cally designed to be a very focused
event, and the various complex and interrelated problems were
addressed from multidisciplinary and multisectoral viewpoints as well
as regional perspectives.

The Forum was convened at the headquarters of the United Na-
tions University, and some 350 participants from different institutions
all over Japan and from international institutions active in Japan
attended the event. Following the presentations of the invited world
experts, there was a Panel Discussion with extensive audience par-
ticipation.
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We are most grateful to the authors of the background papers for
accepting our invitation, as well as to Obayashi Corporation for their
generous ®nancial sponsorship that made the Forum possible.

Juha I. Uitto
Asit K. Biswas
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Foreword

Abraham Besrat, Vice-Rector, United Nations University

The Sixth UNU Global Environmental Forum, ``Water for Urban
Areas in the 21st Century,'' was organized by the United Na-
tions University and sponsored by Obayashi Corporation on 25 June
1997. Both topics ± water and cities ± will be critical in the next
century.

The past several decades have seen the proliferation of cities and
urban areas around the world. It is estimated that, by the end of the
twentieth century, more than half of the world population will live in
cities, and, by the year 2025, more than two-thirds of the population
will do so, with the highest urban growth rates in Asia and sub-
Saharan Africa. Such growth will bring tremendous stress and pose
formidable problems of social and institutional change, infrastructure
investment, and pollution control. Even today, taking into account
the recent growth in environmental infrastructure investments
worldwide, the World Bank estimates that about 380 million urban
residents still do not have adequate sanitation, and at least 170 mil-
lion still lack access to a nearby source of safe drinking water. This
problem does not preclude Japan and other developed countries.
Urban population growth is universal on this planet, and virtually all
cities are experiencing environmental degradation.
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One very important problem that we will face in the twenty-®rst
century is water: water that is needed to support our cities; water that
we can drink; water that we can cook with; water that we can use for
cleaning; water that we can use in our industries. Making clean water
available in the next 40 or so years will require extending the service
to 3.7 billion more urban residents. In addition, preventing further
degradation in fast-growing countries will require that pollution per
unit of industrial output fall by 90 per cent between now and the year
2030. This is a dif®cult task indeed, considering that most develop-
ing countries today would put development before environmental
concerns.

The problems related to water are manifold and contrasting. Either
there is too little of it ± as during a drought or an extremely hot
summer ± or there is too much of it ± as during ¯ooding. Aside from
the problem of quantity, there is also a problem of quality: Is the
water safe to drink? Is the taste acceptable? Are we recycling it?

For a developing country city, the most immediate problems are
the health impacts of urban pollution that derive from inadequate
water, sanitation, drainage, and solid waste services. Together with
poor industrial waste management and air pollution, these problems
combine into what is called the ``brown agenda'' ± a set of problems
linked to poverty and environment.

Because poverty, economic development, and the environment are
inextricably linked, another problem that we can foresee in the very
near future is the issue of equity. This means different income
brackets getting a different quantity and quality of water and services.

We mostly still consider water a free resource. The thinking that
anything that falls from the sky is free must change very soon. Recent
studies have shown that water prices will double, if not triple, in the
next few years because of the commodity's increasing scarcity in a
state that we can use it. This impending change, and others that go
with it, will disproportionately affect the urban poor, and their plight
in turn will exacerbate the urban environmental crises. According to
one estimate, the cost of pollution problems alone in developing
countries exceeds 5 per cent of their GDP. Clearly, improving the
situation of the urban poor is an essential precondition for reducing
urban environmental hazards.

The United Nations policy on water is guided by the Agenda 21
adopted at the United Nations Conference on Environment and De-
velopment (UNCED), the so-called Earth Summit, organized in Rio
de Janeiro in 1992. Although only one chapter is directly concerned
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with the protection of the quality and supply of freshwater resources,
virtually all other chapters that deal with the conservation and man-
agement of resources for development also deal with water issues.

Sustainable management of water resources also ®gures centrally
in the United Nations University's research and training programme.
The current programme includes projects on such topics as hydro-
politics and eco-political decision-making, water quality assessment
and monitoring, and environmental governance. The focus of the
UNU's work is on developing countries in the Middle East, Africa,
Asia, and Latin America. Only recently, the University inaugurated a
new research and training programme ± the International Network
on Water, Environment and Health (UNU/INWEH). The aim of
UNU/INWEH is to link the watershed-ecosystem approach with
human health needs, giving full consideration to the developmental
aspects of water, which is so essential for human life and work. The
UNU/INWEH programme will focus on practical problem-solving,
with particular emphasis on the needs and concerns of the developing
regions of the world.

In June 1997, world leaders again gathered together under the
United Nations umbrella to discuss the progress made and the prob-
lems faced in the ®ve years following the Rio summit. The United
Nations General Assembly Special Session Earth Summit�5 in New
York considered freshwater to be one of the central issues facing
humankind as we strive towards sustainable development.

Also in 1997, the Denver Summit of Eight, which brought together
the heads of the leading nations, highlighted the need to promote
sustainable development and protect the environment. One of the
issues singled out in their ®nal communiqueÂ was freshwater; they
called for the promotion of ef®cient water use, improvement of water
quality and sanitation, technological development and capacity
building, public awareness, and institutional improvements.

Japan, as one of the leading nations in both ®nancial and know-
how terms, is well placed to take a lead in this process. In his speech
to the UN General Assembly Special Session, Prime Minister Ryu-
taro Hashimoto emphasized the role Japan could have in promoting
the development and spread of environmentally sound technologies.

The attention paid to freshwater by the world community demon-
strates the gravity of the issues involved. The Sixth UNU Global En-
vironmental Forum brought together leading experts from around
the world to discuss solutions to the problems related to providing
adequate and clean water supply and sanitation for the growing ur-
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ban centres. The Forum considered mega-cities of both industrialized
and developing nations, and covered topics such as wastewater man-
agement and reuse, the role of the private sector, and emergency
water supply and disaster vulnerability.

The Forum exempli®ed the mode of operation of the UNU in dis-
seminating state-of-the-art knowledge on pressing global problems.
An autonomous academic organization under the United Nations
umbrella, the UNU brings together networks of eminent scholars and
experts to work on important issues that are the concern of the world
body and to present their research results and experience to the
public through forums such as this. This Forum was the sixth annual
UNU Global Environmental Forum organized since the series began
in 1991. The purpose of these forums is to highlight contemporary
environmental issues and to disseminate research results to the pub-
lic, thereby creating greater awareness of the challenges that lie
ahead of us.

The United Nations University would like to thank Obayashi Cor-
poration for their generous sponsorship of this Forum, as well as the
ones that have taken place before it. This is, indeed, a very ®ne ex-
ample of the public and private sectors cooperating and working
together towards a better world.

Foreword

xviii



1

Water for urban areas of the
developing world in the
twenty-®rst century

Asit K. Biswas

Introduction

Historically and culturally, water has always been considered to be a
critically important resource, because without it ecosystems cannot
survive. Similarly, human evolution simply would not have been
possible without water. Thus, not surprisingly, water has a special
place in the human psyche. For example, all major religions such as
Christianity, Hinduism, and Islam give special importance and con-
sideration to water. People, irrespective of which country of the
world they live in, are generally against large-scale transfer of water
to another country, whereas international trade in all other resources,
both renewable and non-renewable, has been a routine activity for
centuries and has seldom attracted protracted national discussions or
serious political opposition. In contrast, water transfer plans between
countries, and often between states within the same country, attract
considerable political controversy.

From the dawn of history, water has continued to be an economi-
cally essential resource for the development of countries. However,
during the twentieth century, especially during the latter half, all the
western economies became stronger and more resilient than ever
before, and became less and less dependent on water and the vaga-
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ries of nature. The easy availability of clean water for drinking
twenty-four hours a day, at affordable prices, became the norm rather
than an exception. Agriculture and food production became surplus
to the needs of the people of the western world, and the vast majority
of the important hydropower plants have now been constructed.
Floods and droughts, for the most part, are already controlled
through extensive water development projects. Concerns are now
expressed only when there are catastrophic ¯oods or prolonged
severe droughts, both of which are temporary in nature. Public, po-
litical, and media interest in water, which is extensive during cata-
strophic events, mostly evaporates after the ¯oods and droughts are
gone, and reappears only after several years or even decades, when
the next catastrophe strikes. Accordingly there is little sustained
public and political interest in the developed countries in water. The
availability of clean water or the impact of water availability on soci-
ety are no longer major critical issues for the developed world. This
situation is unlikely to change in the twenty-®rst century.

In contrast, the situation is very different from the perspectives of
the developing countries. Availability of clean water is still a dream
in most parts of the developing world. For mega-cities, from Calcutta
to Istanbul, and Mexico City to Lagos, clean drinking water is simply
not available from the urban water supply systems. For health rea-
sons, drinking water has to be either boiled or ®ltered, or has to be
consumed from bottles. Not surprisingly, the failure of the govern-
mental system to provide clean drinking water to the citizens of
Mexico City has been very ef®ciently compensated for by the private
sector, which has developed a sophisticated and extensive distribu-
tion system for drinking water in very large plastic bottles that com-
pares most favourably with any distribution system available for soft
drinks anywhere in the world. Clean drinking water is supplied, reg-
ularly and cost-effectively, to all the households of the city that can
afford it. The empty bottles are collected for reuse, along with de-
liveries of new supplies.

In addition to the lack of safe drinking water in the urban areas of
the developing world, the developing economies are still very much
dependent on water availability because of its importance to agricul-
tural production, industrial development, and electricity generation.
With expanding population and urbanization, accelerating human
activities, and increasing per capita water consumption, an adequate
supply of water of the right quality and subsequent wastewater dis-
posal in an environmentally acceptable way are likely to become

Water for urban areas of the developing world
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even more important to the developing world during the next two to
three decades.

Population and water

From the dawn of history, as human population has continuously
increased, so too have water and wastewater disposal requirements.
The most important early civilizations developed along the banks of
major rivers such as the Nile, the Euphrates±Tigris, and the Indus.
These rivers provided water not only for drinking but also for
irrigation.

Water availability was generally not a serious problem as long as
the population numbers were low and the concentrations of people
were not high. As the population started to increase dramatically
during the post-1950 period, and the rate of urbanization began
to accelerate, the provision of clean water and the environmentally
sound disposal of wastewater for the urban areas of developing
countries became serious problems. These problems have become
increasingly bigger and more complex during the past two decades.
This trend is likely to continue, at least for another two to three dec-
ades. The immensity of the problem caused by the global population
increase can be seen in table 1.1.

The global population is currently estimated to double between
1990 and 2100, but most of this increase is likely to occur by the year
2025. The population of the present low-income countries is expected
to increase by 235 per cent; in contrast, the corresponding increase in

Table 1.1 World population growth: Observed and projected, 1800±2103

Year Population (billion) Years to next billion

1800 1 125
1925 2 35
1960 3 14
1974 4 13
1987 5 12
1999 6 12
2011 7 12
2023 8 16
2039 9 21
2060 10 43
2103 11 ±

Source: Bos et al. (1994).
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high-income countries is likely to be less than 10 per cent. Continent-
wise, Africa is projected to grow the most, more than four-fold during
this period. In contrast, the population of Europe in 2100 is expected
to be less than it is at present. Table 1.2 shows population growth in
the various regions of the world between 1995 and 2030.

Urbanization and water

The problem of providing clean water and sanitation to the world's
steadily expanding population has been worsened by the rapid urb-
anization process in the developing countries from around the middle
of the twentieth century. According to an estimate by the United
Nations, nearly 45 per cent of the total population of the world lived
in urban areas in 1995; the corresponding estimate for 1950 was only
30 per cent. The global ®gures are averages: they mask wide dis-
parities from one part of the world to another. For example, in the
case of Nigeria, less than 10 per cent of the people lived in urban
areas in 1950. By 1991, the proportion had risen to 42 per cent, and
the trend has been accelerating during the past decade (Okunlola,
1996).

Although the mega-cities of the developing world have attracted
the most attention from various international organizations in recent
years in terms of the provision of adequate water supply and sanita-
tion services, it should be noted that they account for a very small
percentage of the global population. This holds true even though they
consume the lion's share of national resources in terms of the neces-
sary infrastructure development and management. If mega-cities are
de®ned to be those having more than 10 million residents, only about

Table 1.2 Increase in population by region, 1995±2030

Population (million)

Region 1995 2030 Percentage increase

Africa 720 1,600 116
Asia 3,400 5,100 47
Europe 731 742 1
Latin America and

Caribbean
475 715 51

North America 295 368 24
Oceania 29 39 36

Source: Bos et al. (1994).
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3 per cent of the global population lived in such large urban agglom-
erations in 1990. While the mega-cities present tremendous manage-
ment challenges at present, and will continue to do so in the foresee-
able future, much of the recent urban growth is being witnessed in
medium to small urban centres in many developing countries. This
trend is likely to continue in the coming decades, and may even
accelerate. This issue will be discussed further later in this paper.

The rapid growth of some of the mega-cities of the developing
world will undoubtedly pose major planning and management chal-
lenges in the twenty-®rst century. In 1994, of the world's 10 largest
mega-cities, 3 were in the developed world. By 2015, only one,
Tokyo, is expected to remain on that list (table 1.3). Even though
Tokyo is likely to continue as the largest mega-city, its population is
estimated to increase by less than 10 per cent. In contrast, cities such
as Bombay, Lagos, Jakarta, or Karachi are expected to grow by more
than 90 per cent. Managing such high growth rates within a short
period of only two decades ef®ciently and equitably would be a most
dif®cult task in the best of circumstances.

It should be noted that urbanization and the formation of mega-
cities are not new phenomena; cities such as London or New York
started to grow in the nineteenth century (®g. 1.1). However, two
major factors should be noted that have made the urbanization pro-
cess and provision of water supply and sanitation services in the
mega-cities of the developed world fundamentally very different from
their counterparts in developing countries nearly one century later.

The ®rst factor is the rate of growth. The development of mega-

Table 1.3 Population of the world's 10 largest mega-cities, 1994 and 2015

1994 2015

City Population (million) City Population (million)

Tokyo 26.5 Tokyo 28.7
New York 16.3 Bombay 27.4
SaÄo Paulo 16.1 Lagos 24.4
Mexico City 15.5 Shanghai 23.4
Shanghai 14.5 Jakarta 21.2
Bombay 14.2 SaÄo Paulo 20.8
Los Angeles 12.2 Karachi 20.6
Beijing 12.0 Beijing 19.4
Calcutta 11.8 Dhaka 19.0
Seoul 11.5 Mexico City 18.9
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cities in the developed world was a gradual process. For example,
most of the population growth in cities such as London and New
York was spread over a century (®g. 1.1). This gradual growth rate
enabled these cities progressively and effectively to develop the nec-
essary infrastructures and the capacities to manage their water supply
and sewerage services. It was not an easy task but it was manageable.

In contrast, most of the urbanization in the cities of the developing
world (e.g. Cairo, Seoul, Manila, and Karachi) occurred during the
post-1950 period, and the really explosive growth generally took
place after 1960 (®g. 1.1). The mega-cities and other major urban
centres of the developing world simply could not cope with these very
high and continually increasing urbanization processes; they were
unprepared to manage such explosive growth. Thus, the quality of
life declined rapidly during such high urbanization periods. For
example, between 1950 and 1980, the population of Mexico City
increased from 3.137 million to 13.354 million, a 425 per cent in-
crease. To a certain extent, many of these mega-cities could handle
the provision of water supply, but they generally fell progressively
behind in constructing and properly managing sewage and waste-
water treatment facilities. Even in a region such as Latin America,
where many cities made reasonably good progress in installing sew-
erage systems, concomitant progress did not occur in wastewater
treatment. Currently, only about 2±6 per cent of sewage collected in
major urban centres of Latin America receives adequate treatment.
Thus, in major cities ranging from BogotaÂ to Buenos Aires, and
Mexico City to Santiago, some 50±60 million m3 of mostly untreated
sewage are discharged daily into nearby water bodies. Many of the
governments claim that 10±20 per cent of wastewater is treated, but
these are in¯ated ®gures; they include many treatment plants that are
no longer operational, and also wastewater that receives inadequate
treatment.

The second major factor is that, as the urban centres of the indus-
trialized countries expanded, their economies were growing con-
comitantly. Accordingly, these centres were economically able to
harness resources to provide their citizens with appropriate water
supply and sewerage services. Even a country like Japan could invest
heavily in the construction of urban infrastructures, including water
supply, sewerage, and ¯ood drainage services, after the Second
World War because its economy continued to expand signi®cantly
during this period as well. Such extensive infrastructure development
and major improvements in management practices meant that water
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losses due to leakages from urban water supply systems could be
reduced drastically from a post-war estimate of 80 per cent to about
8±10 per cent, which is one of the lowest losses encountered any-
where in the world at present.

In stark contrast to the above, during the past three decades
economies of the developing world have not performed very well.
High public debts and inef®cient resource allocations have ensured
that the investments needed to construct all types of new urban
infrastructures and maintain the existing ones have not been forth-
coming. Lack of proper planning and poor management practices
have further aggravated the situation, especially in terms of the
proper treatment of drinking water and the disposal of wastewater.

Although considerable progress has been made in recent years in
providing drinking water in urban areas, commensurate advances in
sanitation have been for the most part missing in much of the devel-
oping world. For example, current estimates indicate that 453 million
people (that is, 33 per cent of the urban population) had no access to
sanitation in 1990. By 1994, this number had increased to 589 million
(37 per cent of the urban population). Current estimates indicate that
the number of people not having adequate sanitation has increased to
about 850 million (approximately 50 per cent of the population). It
should be noted that all these ®gures are gross estimates. However,
they do give an indication of the magnitude of the problem the
developing world is now facing, which is one that needs to be
resolved as soon as possible.

Continuing urbanization poses a major challenge in terms of the
provision of water supply and sanitation services, but its importance
and contribution towards the development of stronger and more
stable national economies should not be underestimated. It has been
estimated that the urban areas of the developing world, which con-
tain about 30 per cent of the total population, contribute nearly 60
per cent of the total gross national product, and also play an equally
important and prominent role in terms of social development and
cultural enhancement. Thus, the urbanization process presents both
challenges as well as opportunities.

The main problems of major urban centres often stem from the fact
that the rates of urbanization have often far exceeded the capacities
of the national and the local governments to plan and manage the
demographic transition ef®ciently, equitably, and sustainably, and to
provide and maintain the necessary infrastructural development,
services, and employment. The accelerating urban growth rates have
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mostly overwhelmed the limited capacities and resources of govern-
ments at all levels. Unplanned and poorly managed urbanization
processes have unquestionably been an important source of social
and environmental stress in all developing countries. The effects have
been manifested in extensive air, water, land, and noise pollution,
which have and will continue to have major impacts on the health and
welfare of urban dwellers in the developing world for many years to
come. The problem has been further compounded by increasingly
skewed income distribution, which is continuing to worsen with time,
high rates of unemployment as well as underemployment, corruption
at all levels, and high crime rates.

A 1988 report from the United Nations summed up the grim situ-
ation for Karachi, a major Asian urban agglomeration. The situation
is somewhat similar for most other mega-cities of Asia, Africa, and
Latin America. The report (United Nations, 1988) stated:

Karachi, which has a high rate of natural increase and continuing in¯ux of
migrants from upcountry, is currently one of the most rapidly growing mega-
cities in the developing world. Because Karachi is growing by more than ®ve
percent per annum, many basic services are strained to the point of col-
lapse. Moreover, much of Karachi's population increase is being accom-
modated in katcchi abadis ± sprawling, unserviced squatter settlements that
have become breeding grounds for social unrest.

The two main problems faced by the major urban centres often
further complexify an already dif®cult and complex situation. The
®rst of these problems is the sudden fast rate of growth, often after
decades of primarily horizontal expansion, especially in the central
business areas. This contributes to a sudden surge in population
densities, with concomitant high water requirements and the genera-
tion of high waste loads per unit area. The existing water supply and
sanitation services and the poor planning capabilities of the author-
ities are mostly unable to cope successfully with almost instantaneous
growths in demand for water and sanitation services.

The overall problem of the mega-cities is further compounded by
the presence of informal and squatter settlements. Such settlements
often account for 30±60 per cent of the total urban population. For
example, it is estimated that approximately half of Bombay's popu-
lation lives in such squatter areas. These areas are highly congested,
leaving very little or no space for the provision of in-house water
supply and/or public sanitation facilities.

The situation is further compounded by the fact that all levels of
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government generally give lower priorities to informal settlements.
Resources are normally channelled to the areas where rich and
important people live. In addition, urban planners often believe that
adequate cost recovery for the provision of services to these settle-
ments is not possible, because they are inhabited by poor or very
poor people. Accordingly, informal settlements are often neglected
or receive much lower priority in terms of the allocation of resources,
and thus services, compared with rich and middle-class areas. Fur-
thermore, the population of these informal settlements continues to
grow owing to the regular arrival of rural people, who migrate to the
urban areas in search of a better quality of life. Thus, whatever lim-
ited services may be available in the informal settlements become
overwhelmed with the arrival of new people, and the limited water
supply and sanitation services become progressively less and less
adequate for serving an increasing population. This contributes to a
progressive reduction in services that were inadequate to start with,
and this deterioration in turn further increases the environmental and
health risks to the people living in such areas.

Constraints on water availability

The provision of clean drinking water to the rapidly growing centres
of the developing world and the safe disposal of wastewater face
numerous constraints, which are complex and are often interrelated.
Very few resolutions or declarations at various international forums,
such as the United Nations General Assembly resolution declaring
the decade of the 1980s as the International Water Supply and Sani-
tation Decade (IWSSD), have had any visible and perceptible
impacts. It was evident in the 1970s that the goals set for this Decade,
however laudable, were impossible to achieve unless major structural
changes could be made in terms of resource allocation to the sector,
both nationally and internationally. Not surprisingly, these goals were
not achieved and indeed fell considerably short of expectations.
However, the Decade did manage to put water supply and sanitation
issues somewhat higher up the agendas of many governments of
developing countries and external support agencies, especially to-
wards the beginning and end of this period. Unfortunately, no real
evaluation was carried out as to the actual impacts of the Decade per
se, and thus the lessons that could have been learned from the
Decade experiences are not known. For example, would the global
situation been different had there been no Decade? If so, how would
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it have been different, by how much, and why? Anecdotal evidence
indicates that developing countries and many external support
agencies were already becoming aware of the importance of water
supply and sanitation issues, and many of the developments that have
occurred since 1980 probably would, in all likelihood, have occurred
even without the Decade. The Decade, however, provided a strong
focus, and some countries clearly took advantage of this fact to ac-
celerate their programme activities in this area. Thus, overall, the
Decade has probably contributed to a modest advance in access to
water supply and sanitation services, which otherwise might not have
occurred.

There are numerous major constraints that have to be overcome
simultaneously before everyone in developing countries can have
access to clean drinking water and sanitation services. Overcoming
these constraints will not be an easy task, nor is it likely to be
achieved within the next decade or so, irrespective of the numerous
resolutions at organizations like the United Nations, or at many other
major international forums. However, the future is not completely
bleak, and there are some positive and encouraging signs. For ex-
ample, in coming decades, as the population growth rates in developing
countries continue gradually to decline and developing countries
approach stationary populations, they are likely to become better
positioned to be able to provide clean water and sanitation services to
all their citizens. Population stabilization would mean that services
would not continually have to cater to a moving target, as is the case
at present.

Only some of the major constraints to achieving the ambitious goal
of providing clean water and sewerage services to everyone in the
world can be discussed brie¯y here because of lack of time and space.

Water scarcity

Water scarcity presents both a challenge and an opportunity in terms
of urban water supply and sanitation. It is a challenge because new
sources of water that could be developed cost-effectively are simply
not available for most of the major urban areas of the developing
world. From Amman to Beijing, and from Madras to Mexico City,
there are simply no new sources of water that can be harnessed eco-
nomically to quench the continually increasing urban-industrial thirst.

Because the existing sources of water that could be developed cost-
effectively have already been developed or are in the process of de-
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velopment, and water that has been harnessed has already been fully
allocated and in many cases over-allocated, additional supplies of
drinking water can be obtained only by reallocating water that is
currently used by other sectors, especially agriculture. National poli-
cies, explicitly or implicitly, generally give the highest priority to the
domestic sector amongst all uses. However, it would not be an easy
task, socially and politically, to transfer water from the agricultural
to the domestic sector continually. Some such transfers can already
be noted, but they are not widespread owing to deliberate policy
decisions.

A good example is water availability in the Chennai (formerly
Madras) area. In order to improve water-use ef®ciencies, the canals
are being lined. The ®nal result is really a de facto transfer of water
from the agricultural to the domestic sector. Such practices are ex-
acerbating the con¯icts between agricultural and urban water users
around many major cities all over the developing world, ranging from
Manila to Mexico City (Naranjo PeÂ rez de LeoÂ n and Biswas, 1997).
Such con¯icts are likely to increase signi®cantly in the future, in terms
of both intensity as well as geographical distribution, as various in-
terest groups require more and more water.

Urbanization also brings opportunities. Urban centres are now
important users of water. However, urban use takes place within a
limited geographical area. Since domestic uses do not contribute to
the actual consumption of water, all the water being supplied to
households can be recaptured as wastewater through adequate sew-
erage networks. If this wastewater is then appropriately treated, it
could serve as a ``new'' source of water. Although this treated
wastewater may be restricted to speci®c types of water use owing to
quality considerations and cultural reasons, it could still be used for
certain purposes, thereby releasing higher-quality water for those
uses that warrant it. The marginal cost of providing additional good-
quality water in the same volume as treated wastewater would gen-
erally be much higher (Biswas and Arar, 1988), and the time required
to obtain additional new good-quality water would be much longer.

Wastewater will be produced in urban areas irrespective of
whether or not it is made use of. It is therefore essential that waste-
water be treated adequately so as to reduce the environmental and
health hazards for people living in and around the urban areas, which
currently use existing unsatisfactory wastewater disposal practices in
most developing countries.

Thus, increasing water scarcity can in one sense be considered an
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opportunity for encouraging urban areas to collect and treat waste-
water properly so that it can subsequently be used as a ``new'' source
of water to alleviate the scarcity.

High economic costs

Economic factors are becoming an increasingly important consider-
ation in the provision of water supply and sanitation to the urban
areas of developing countries.

For much of the developing world, for the most part, all the easily
exploitable sources of water have already been developed, or are
currently in the process of being developed. This means that the
water sources that are yet to be developed are geographically, tech-
nologically, and environmentally more complex to handle, and ac-
cordingly the cost of harnessing and bringing this new water to the
urban areas is now very high in real terms, especially compared with
the cost of the earlier or present generation of water projects. For
example, the average cost of providing storage for each cubic metre
of river ¯ow in Japan has increased nearly four-fold during the past
10 years (Biswas, 1997a). Approximately 20 per cent of this addi-
tional cost can be attributed to new social and environmental
requirements. The major part of the additional cost, around 80 per
cent, is due to the fact that the new projects are inherently more
complex to construct, and are often located in more inhospitable ter-
rain. Accordingly, the construction costs of these new projects are
signi®cantly higher when compared with already completed projects.

The current situation in terms of the costs of construction of new
projects for supplying additional water to the major urban areas of
the developing world is somewhat similar to that of Japan. For ex-
ample, the World Bank's (1992) analyses of domestic water supply
projects from various developing countries indicate that the cost of
development of each cubic metre of water for the next generation of
projects is often two to three times higher than that of the present
generation. Figure 1.2 shows the current and projected costs in 1988
constant dollars for supplying a cubic metre of water to many major
urban centres of the developing world.

In the area of wastewater treatment, the situation is no better.
Most of the wastewater produced in urban areas is either not treated
at all or receives inadequate treatment. Many governments, ranging
from Egypt to Mexico, have in the past adopted the water quality
standards of the developed world for internal and/or external politi-
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cal reasons, and because of faulty and incomplete analyses. No con-
sideration was generally given to the fact that the standards that are
appropriate and implementable for London and New York may be
irrelevant, unimplementable, and often even counterproductive for
Lima or Yaounde. Equally, no serious analyses are generally carried
out into whether or not the standards adopted are essential for health
reasons, or whether or not the countries concerned have the neces-
sary ®nancial resources and management capabilities to implement
the stipulated standards (Biswas, 1997b). Not surprisingly, the pro-
mulgation of such inappropriate standards has generally not even
helped to maintain, let alone improve, the somewhat poor quality of
receiving waters in and around urban areas. The existing philosophies
behind the formulation of water quality standards need to be care-
fully examined, especially as regards their implementation.

Financing and ®nancial management constraints

The availability of adequate funds and the release of the funds in a
timely manner to operate and maintain existing facilities are gener-

Fig. 1.2 Current and projected future water costs (1988 US$/m3)
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ally major constraints. Water utilities in developing countries are at
present predominantly in the public sector, though private sector
involvement is now being considered in one form or another in many
parts of the world. The operation and maintenance of existing water
supply and waste treatment systems, as well as the construction of
new systems, are thus often constrained by lack of funds.

The economic situation is further compounded by inadequate
pricing and inef®cient billing and bill collection systems in most urban
utilities. An analysis of 50 water utilities and bill collection systems in
31 Asian countries (McIntosh and YnÄ iguez, 1997) indicated the fol-
lowing major shortcomings:
. Fewer than 50 per cent of connections are metered properly. Some

major cities, such as Calcutta, have no metering at all, and many
have very little metering. Regular monitoring and replacement of
faulty meters are exceptions rather than norms.

. Monthly household water bills in many major cities, such as Beijing,
Tianjin, Hanoi, Mumbai (formerly Bombay), and Tashkent, are
less than US$1.00. In contrast, the average monthly bill for well-
managed utilities such as Hong Kong is US$31.00. Very low
monthly bills encourage extravagant consumption and high wastage
rates. Electricity to water bill ratios now average 18.5 for Faisala-
bad, 12.7 for Karachi, 9.2 for Tashkent, 7.8 for Kathmandu, and 7.7
for Delhi. Ratios of more than 4.0 generally indicate low water
tariffs.

. The ®nancial management of many utilities leaves much to be
desired. For example, accounts receivable should be less than the
equivalent of three months' sales. However, they are currently 19.7
months for Mumbai, 16.8 months for Karachi, and around 11
months for Dhaka and Shanghai.

. The utilities have different concepts of what constitutes operation
and management expenses. Many normal operation and mainte-
nance expenditures are left to be recti®ed by new investment pro-
jects. Such expenditures include the replacement of pipes, valves,
water meters, and service vehicles, and the reduction of unac-
counted for water. Thus, major investments are made in construct-
ing new systems that are not properly maintained. System inef®-
ciencies steadily increase owing to continuing deterioration, and
then new investment projects have to be undertaken to rehabilitate
the badly managed systems. Not only is this an inef®cient use of
capital but system ef®ciencies start to decline steadily from incep-
tion because of poor operation and maintenance practices. During
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the entire process, the customers of the water utilities receive a
poor service.

. Utilities are often over-staffed, and the staff are for the most part
not properly trained and are inef®ciently used. This generally con-
tributes to low ®nancial returns. For example, the number of staff
per 1,000 connections is only two for a well-managed utility like
Singapore, but very high for Tianjin (49.9), Mumbai (33.3), Beijing
(27.2), and Chennai (25.9). The high ratios indicate poor ef®ciency.
Low staff ratios could also indicate that many services are being
contracted out to the private sector.

Management constraints

One of the major reasons for the poor performance and/or ef®cien-
cies of water utilities is their poor management. The poor manage-
ment stems from two factors: unattractive salaries and regular politi-
cal interference in management practices and decision-making
processes.

In many urban areas, management compensation rates are deter-
mined by government salaries, because the utilities are in the public
sector and thus must follow public service rules. Since private sector
salaries are much higher than their public sector counterparts, bright
and competent managers generally tend to gravitate towards private
sector enterprises, where, in addition, there is also much less day-to-
day interference from politicians. Politicians need to appreciate that
multi-million dollar water and wastewater utilities cannot be man-
aged ef®ciently by unquali®ed and inexperienced managers, with
continual political interference, ranging from the recruitment of staff
to even making some of the mundane decisions.

Analyses of the compensation packages of water managers in the
Asian developing countries show very wide variances. For some util-
ities, annual salaries are less than US$1,000, but they can be as high
as US$145,000. Not surprisingly, the well-managed urban utilities of
Hong Kong, Singapore, Taipei, and Kuala Lumpur pay high salaries,
and consequently they tend to attract and retain good managers.

The more ef®cient utilities also give their managers more ®nancial
autonomy and the authority to make prompt and ef®cient decisions.
For example, the Metropolitan Waterworks Authority of Bangkok
has the ®nancial autonomy to raise investment funds in the local bond
market. Its overall performance is good, and hence the general public
subscribes to its bonds. Similarly, the Public Utilities Board of Sin-

Water for urban areas of the developing world

16



gapore has considerable autonomy in staf®ng, ®nance, and the pro-
curement of goods and services. It also has a clear tariff policy, which
is acceptable to the people and politicians as a whole, and thus can be
implemented ef®ciently without any political interference.

The situation in Mexico City is very different, in contrast, especially
when compared with Singapore. The head of the water utilities is a
political patronage position, and changes with every new mayor, who,
until 1997, was appointed directly by the President. The head of the
utility is appointed primarily because of his political linkages to the
party and the existing political structure, and not for his professional
and management expertise. The entire top management structure of
the water utility changes with each new mayor, thus preventing the
formulation and implementation of any long-term coherent policy
and plans. Each new head, even when they are af®liated to the same
political party, generally feels major policy changes are warranted.
Such regular and radical shifts in policies are not conducive to ef®-
cient management on a long-term basis.

Water tariffs became an issue in the ®rst mayoral election in Mex-
ico City during the fall of 1997. The current water tariffs are unlikely
to cover even the operating and maintenance costs, let alone the
capital costs. The present mayor, who was a candidate at that time,
wanted to reduce the prevailing tariffs because he felt the poor could
not pay. This is in spite of the fact that the very poor, according to the
Mexican Human Rights Commission, currently pay ®ve times more
per unit of water than residents in the richest areas, and in addition
they have no access to water in their homes, having to buy it from
water vendors. The management of urban utilities is unlikely to be
ef®cient until and unless political interference in their management
and operation can be signi®cantly reduced. Utilities need to be run
by professionally competent managers, within clearly stipulated and
transparent guidelines, which could be established by the political
process. As long as the utilities adhere to the established guidelines,
there should be no political interference with their day-to-day
running.

Another issue is the extensive use of public taps in certain major
urban centres. This is a good indicator of poor management practices.
It is interesting to note that the better-managed water utilities in
Asia, such as those in Bangkok, Kuala Lumpur, or Singapore, do not
have public taps, because they already have 100 per cent coverage.
Public taps often indicate lower levels of service, as well as higher
water wastage. In addition, utilities cannot recover revenue from such
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taps, and city authorities are reluctant to subsidize them directly from
city taxes.

Environmental and health issues

Water quality and health are major factors that must be considered in
ef®cient urban water and wastewater management.

In the vast majority of urban centres in the developing world,
drinking water directly from city supply systems entails considerable
health risks. Thus, not surprisingly, people often boil tap water prior
to drinking it. In addition, sales of water ®lters and bottled water
have increased, and continue to increase, exponentially in recent
years. For example, in India, the sale of bottled water increased by
approximately 450 per cent within a short period of six years, 1992 to
1997 (®g. 1.3). This explosion in demand for bottled water is now a
common phenomenon in all developing countries, ranging from Bra-
zil to India, and Egypt to Mexico. This demand stems from one and
only one factor: the intense fear of consumers, mostly justi®ed, that
the water supplied by the public utilities is impure and thus drinking
it entails signi®cant health risks.

Ironically, even though consumers have taken to drinking bottled
water in ever-increasing quantities, the quality of bottled water often
leaves much to be desired. The absence of legal standards and/or the
lack of mechanisms for enforcing whatever legal standards do exist

Fig. 1.3 Use of bottled water in India, 1992±1997 (Source: All India Bottled Water
Manufacturers Association)
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mean that quality control is left almost exclusively to the bottlers.
Combined with the poor quality control practices of the bottlers, this
means that consumers are not getting the safe bottled water for which
they are paying.

In India, for example, standards exist for drinking water, but ad-
herence to the standards is purely voluntary. Equally, since there are
no speci®c regulatory requirements for establishing a bottled water
plant, anyone who wishes to construct one can do so without indi-
cating the source of the water, the technology used to purify it, and
the ®nal quality of the bottled water. The absence of regular, or any,
monitoring by the competent authorities further gives the bottlers a
free hand. Recently, India's leading weekly news magazine, India
Today (22 December 1997), carried out an independent analysis of
13 major brands of bottled water. Only three brands conformed to all
the speci®cations for drinking water.

Changes in mind-sets

There need to be some fundamental changes in the mind-sets of the
managers of water utilities. Only two will be discussed here.

First, many managers of urban utilities think that a continuous
daily supply is not possible because not enough water is available.
This contention, however, does not stand up to close scrutiny, as can
be seen from the comparisons shown in table 1.4. It should be noted
that the statistics used in this table were provided by the utilities of
the cities concerned, and thus in all probability present a more opti-
mistic picture than the actual reality.

If per capita consumption in the cities is analysed, table 1.4 indi-
cates that it varies from a high of 265 litres/day in Bangkok to a low
of 16 litres/day in MaleÂ . And yet both Bangkok and MaleÂ provide a
24-hour water supply. In contrast, per capita consumption in Delhi is
209 litres/day and in Mumbai 178 litres/day, and still they can provide
only 3.5 and 5 hours of water, respectively, each day. This is ostens-
ibly because of a lack of water. Clearly something is fundamentally
wrong in such thinking.

The reason for this anomaly is the mind-set of the managers. The
basic philosophy of the managers in cities such as Delhi appears to be
that, since enough water is not available, it is preferable to provide
``some for all'' rather than ``all for some.'' In fact, if proper manage-
ment practices were introduced, it should be possible to provide
``water for all'' on a 24-hour basis.
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Table 1.4 Water service indicators for selected Asian cities

Bangkok Beijing Calcutta Delhi
Hong
Kong Karachi

Kuala
Lumpur MaleÂ Mumbai Singapore

Consumption/capita
(litres/day)

265 96 202 209 112 157 200 16 178 183

Water availability
(hours)

24 24 10 3.5 24 1±4 24 24 5 24

Unaccounted for
water (% lost)

38 8 50 26 36 30 36 10 18 6

Coverage (%) 82 100 66 86 100 70 100 100 100 100
Production costs

(US$/m3)
0.173 0.061 0.011 0.037 0.580 0.042 0.131 2.646 0.052 0.309

20



The residents of cities where an interrupted water supply is the
norm are well prepared to cope with the situation. Houses have
storage tanks, which are ®lled whenever water is supplied. For
example, in Salt Lake, an upper-class residential area of suburban
Calcutta, water is supplied four times per day for a total of around
5 1

2 hours per day. Residents ®ll up their storage tanks whenever
the water supply is resumed, so that houses in reality have a 24-hour
uninterrupted water supply. Because water tariffs are very low in
many cities, or non-existent (as in Calcutta), it is common to ®nd that
the storage tanks are over¯owing, which increases water wastage
signi®cantly. Current experiences indicate that interrupted services
experience more wastage than uninterrupted supplies and per capita
water usage is often higher for interrupted supplies compared with a
24-hour continuous supply.

It is evident that cities such as Calcutta, Delhi, or Karachi could
introduce 24-hour services with their existing water supplies through
radical rethinking of management practices. Technically and eco-
nomically, it is dif®cult to see why 24-hour water services cannot
be provided in urban areas when the per capita daily supply exceeds
100 litres. After all, cities such as MaleÂ have managed to provide a
24-hour service with a per capita daily supply of only 16 litres.

The provision of a continuous water supply would also change an-
other mind-set of the managers. Past experience indicates that, once
the utilities accept the concept of a less than 24-hour water supply,
the hours of service provided continue to decline steadily with time,
because the managers ®nd this an easier option than making hard
decisions, which may irritate their political masters.

The second major mind-set that needs to be changed is the em-
phasis on new construction rather than reducing the existing water
losses from the system. On the basis of information available to me as
an adviser to 17 governments, losses of the order of 30±40 per cent
are currently the norm rather than the exception. Losses in some
cities, such as Oaxaca, Mexico, are of the order of 60 per cent
(ArreguõÂn-CorteÂ s, 1994), which is a truly astounding situation.

However, instead of making serious attempts signi®cantly to re-
duce such losses, the main alternative most often considered is the
construction of new water development projects, which would oper-
ate under similar inef®ciencies. Technically and economically, the
reduction of losses is signi®cantly more cost-effective (in fact by sev-
eral orders of magnitude) than developing new water sources, and yet
this alternative has not received the attention it deserves from water
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managers and politicians. This irrationality can be explained for the
most part by the current mind-sets and interests of three groups of
people:
1. Politicians, who generally feel that there are more votes in the

construction of new projects compared with improving the ef®-
ciency of existing systems. Thus, vast sums are allocated for the
construction of new projects, but the budgets approved for im-
proving and maintaining system ef®ciency are starved.

2. Engineers, who feel the construction of new projects is exciting,
and the operation and maintenance of existing systems should be
left to less ``bright'' people.

3. Contractors and consulting companies, who lobby politicians and
water managers hard for approval of new projects because enor-
mous funds are needed for the construction of new projects, espe-
cially in comparison with the budgets approved for the operation
and maintenance of existing systems. They are also one of the
largest group of contributors to the political parties.

Unless such mind-sets can be changed, it will be almost impossible
to provide safe drinking water and sanitation services to the residents
of urban areas in developing countries in the foreseeable future. It
should, however, be noted that the total elimination of system losses
is not a feasible option. System losses of 7±12 per cent (the situation
will vary from one urban area to another owing to a variety of fac-
tors) will have to be accepted. Further reductions in losses would
mean that the cost of this reduction would start to become progres-
sively higher, and higher than the cost of the water saved. Accord-
ingly, losses of this order have to be accepted. It should, however,
be noted that, in England and Wales, not one of the water supply
utilities, which are now all in the private sector, has so far managed to
reduce system losses to less than 15 per cent.

Concluding remarks

On the basis of the above review, it is evident that the provision of
clean water and sanitation to all residents of the urban areas of
developing countries will be one of the major challenges of the
twenty-®rst century, the magnitude and the complexity of which no
earlier generation has had to face. Regular rhetoric at international
forums will not resolve this dif®cult and complex problem. In the run-
up to the twenty-®rst century, the world really has two choices: to
carry on as before with a ``business as usual'' attitude, which can
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contribute only incremental changes that would endow future gen-
erations with a legacy of inadequate water supply and sewerage ser-
vices; or to continue in earnest an accelerated effort radically to
change the mind-sets of the decision-makers and the water managers
so that urban people have access to safe drinking water and sanita-
tion facilities within the next generation. It will not be an easy task to
accomplish but, given suf®cient political will and proper system man-
agement, it could be achieved. One is reminded of William Shake-
speare's warning: ``Men at some time are masters of their fates: The
fault, dear Brutus, is not in our stars, but in ourselves, that we are
underlings.''
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2

Water management in
Metropolitan Tokyo

Yutaka Takahasi

History of waterworks in Tokyo

Early water supply systems

During the sixteenth and seventeenth centuries, the city of Edo was
already equipped with comprehensive water supply systems that did
not exist even in Europe. This was one foundation of the prosperity
of Edo that has lasted for nearly 300 years. In 1590, Tokugawa Ieyasu
ordered Okubo Fujigoro to draw up a master plan for a water supply
system, and, based on this master plan, part of the Kanda Canal was
completed. In 1654, the Tama River Canal, with a length of 43 km,
was completed by using the Tama River, running west of Edo. It be-
came possible to supply water continuously to the centre of the Edo
area and its vicinity. These excellent water systems were based on
what one might call classical technologies. They depended not on
pumps but on the skilful use of gravity ¯ow, and the water was not
sterilized. A rough chronological table of waterworks in Tokyo is
shown in table 2.1.
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Opening of modern waterworks

Along with the opening of the country, the Japanese government
imported advanced waterworks technologies developed in Western
Europe. Beginning in 1887, modern waterworks were constructed
under the supervision of William Palmer, an Englishman, in Yoko-
hama, which had a large settlement of foreigners. The Yodobashi
Puri®cation Plant started operating in 1898. At the beginning, it was
capable of supplying only 166,800 m3 of water per day to 80,000

Table 2.1 History of waterworks in Tokyo

1590 Tokugawa Ieyasu, founder of the Edo Shogunate, commissioned Okubo
Fujigoro to carry out a survey and draw up a master plan; partial
completion of the Kanda Canal

1654 Completion of the Tamagawa Canal
1898 Yodobashi Puri®cation Plant started operating
1923 Facilities badly damaged in the Great Kanto earthquake
1924 Sakai Puri®cation Plant started operating
1926 Completion of Kanamachi Puri®cation Plant
1934 Completion of Yamaguchi Reservoir
1938 Construction of Ogouchi Dam started
1945 Facilities devastated in World War II
1957 Completion of Ogouchi Dam (Tama River system)
1959 Nagasawa Puri®cation Plant started operating
1960 Higashi-Murayama Puri®cation Plant started operating
1964 Great water shortage in the Tama River system; water distribution cut by

max. 50%
1965 Abolition of Yodobashi Puri®cation Plant because of the Shinjuku

Suburbanization Plan
1966 Asaka Puri®cation Plant started operating
1967 Completion of Yagisawa Dam (Tone River system)
1968 Completion of Shimokubo Dam (Tone River system)

Completion of Tone Diversion Weir and Musashi Canal
1970 Ozaku Puri®cation Plant started operating

Intake stopped from Tamagawa Puri®cation Plant
1971 Completion of Tone Estuary Barrage
1975 Misono Puri®cation Plant started operating
1976 Completion of Kusaki Dam (Tone River system)
1985 Misato Puri®cation Plant started operating
1991 Completion of Naramata Dam (Tone River system)
1992 Completion of 1st Stage of Advanced Water Puri®cation Treatment Facility

in Kanamachi Puri®cation Plant
Completion of Tamagawa Cold Water Countermeasure Facility

Source: Bureau of Waterworks (1994).
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people. However, as the population increased and the potable water
service spread, the waterworks kept on growing. Private sector sys-
tems and nearby villages and towns were absorbed. Developments
in Tokyo's water service are shown in ®gure 2.1; the growth in the
average daily water supply is shown in ®gure 2.2.

These ®gures demonstrate the remarkable expansion of the water
supply system. The process of expansion was not smooth, however.
Some of the dif®culties were the Kanto earthquake on 1 September
1923, World War II, and in particular the destruction of waterworks
by air raids towards the end of the war, and then slow recovery.
Furthermore, serious water shortages in the Tama River in 1940,
¯ood damage in the eastern areas of Tokyo caused by Typhoon
Katherine in 1947, and another serious water shortage caused by low
precipitation on the Tama River Upper Basin in the summer of 1964
affected the management of the Tokyo water service.

The reconstruction of the water service facilities that had been
completely destroyed by the earthquake of 1923 not only employed
earthquake-resistant structures, but also involved the construction of
new reserve water systems, changing from steam pumps to electric
pumps at the Yodobashi Puri®cation Plant, the carrying out of land
readjustment for urban renewal, and major modi®cations to and ex-
pansion of water service networks. As a result of the unusual water
shortages in the Tama River in 1940, water supply sources were re-

population

served (no.)

coverage (%)

Fig. 2.1 Developments in Tokyo's water service, 1900±1995 (Source: Bureau of
Waterworks, 1994)
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inforced, new wells were constructed, neighbouring water systems
were connected, and emergency measures for water supply were
completed.

The Ogouchi Dam project

As a drastic measure to cope with the rapid increase in population,
the Tokyo City Waterworks Bureau decided to go ahead with the
Ogouchi Dam project. At 149 m, the dam height was, as a dam for the
exclusive use of the water service, the highest in the world at the
time, and it was an epoch-making undertaking considering that the
highest dam in Japan at the time was the Komaki Dam, at 79 m. The
water volume of the reservoir (later named Lake Okutama) created
by the Ogouchi Dam was approximately 180 million m3. However,
construction did not commence until 1938, because the acquisition
of water rights in the lower basin of the river ran into dif®culties.
Moreover, construction had to be discontinued during World War II
because of a shortage of labour and materials.

After the war, construction of the dam recommenced in 1948, and
it was completed in 1957. The water supply capability of the Tokyo
waterworks immediately expanded. Within a year, the Nagasawa

Fig. 2.2 Growth in the average daily water supply volume, 1900±1995 (Source:
Bureau of Waterworks, 1994)
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Puri®cation Plant, intended for bringing water from the Sagami River
to Tokyo, was completed. This was built in Kawasaki City in Kana-
gawa Prefecture, which is next to Tokyo. The ceding of the water
supply to Tokyo began in 1959. Also in 1957 the Waterworks Laws
were decreed. The promotion of the water service was a signi®cant
policy throughout the Japan.

War damage and the increase in water leakage

World War II not only interrupted construction of the Ogouchi Dam,
but caused great damage to the waterworks facilities. Air raids be-
came ever more intense over all Japanese cities from 1944 and were
heavily concentrated on Tokyo in particular; its waterworks facilities
were completely devastated. From August 1945, with the end of the
war, reconstruction of the war-damaged waterworks facilities began.
Since losses of water from water pipes in Tokyo had been consider-
able as a result of the war damage and poor maintenance, the repair
of water leaks became the main challenge.

Changes in the rate of water leakage since 1915 are shown in table
2.2. The leakage rate had been over 20 per cent since 1930, but in
1945 ± at the end of the war ± it had rocketed to approximately 80 per

Table 2.2 Trends in Tokyo's water leakage rate, 1915±1995

Year Rate(%)

1915 12.3
1930 21.2
1935 25.8
1945 80.0
1946 68.0
1950 30.0
1955 22.0
1960 22.0
1965 19.2
1970 17.3
1975 16.9
1980 15.6
1985 14.7
1990 12.2
1995 9.9

Source: 1950±1995 ± Bureau of Waterworks, Annual Report on Waterworks in Tokyo, Tokyo
Metropolitan Government.
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cent. Though it fell to 68 per cent by 1946, the water supply system
was jokingly called the ``waterworks colander.'' Specialists in the
Metropolitan Government were employed to ®nd the points of leak-
age and to deal with the problem. They succeeded in at last bringing
the rate down to 22 per cent in 1955. This rate was still quite high. As
a result of continued efforts, it fell to 10.6 per cent in 1993. Since the
annual distribution of water in 1993 was 1,700 million m3, a leakage
rate of 10.6 per cent meant that the volume of leakage was 170 mil-
lion m3 annually, an amount equivalent to the total pondage of the
Ogouchi Dam. However, since most of the points of leakage were not
in the main pipes, but in the very great number of ®nal distribution
pipes, it was not easy either to locate or to deal with the problem; it
required time and labour. It took many years to get the rate down to
10 per cent, and ceaseless efforts must continue to be made in the
future.

Serious water shortage in 1964

From around 1957, when the Ogouchi Dam was completed, the pop-
ulation of Tokyo started to increase rapidly. This was a time of tran-
sition from a period of urban population concentration to a period of
high economic growth. The population increase and the rise in living
standards resulted in an inevitable increase in the consumption of
potable water and the volume of water used for various city activities.
For that reason, the annual increase in the water service in Tokyo
reached approximately 300,000 m3.

In 1963/64, during this period of rapid increase in demand for wa-
ter services, there was little precipitation in the upper basin of the
Tama River, the upstream region of the Ogouchi Dam. In particular,
precipitation during May and July of 1964, the rainy season, was ex-
tremely low. At this time, the sources of water for Tokyo consisted of
the Tama River system, including the Ogouchi Dam (about 60 per
cent), the Edo River (about 20 per cent), the Sagami River (about 10
per cent), and underground water and other sources (about 10 per
cent). Dams along the upper basin of the Tone River, such as the
Yagisawa Dam, were under construction, and others were still in the
planning stage, so water from these areas was not yet supplying the
water service system to serve the citizens of Tokyo. The lack of pre-
cipitation in the upper basin of the Tama River system lasted from
June until 20 August 1964, and the pondage of Ogouchi Dam, which
was 180 million m3 at its maximum, fell to as little as 2 million m3.

Metropolitan Tokyo
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This was a decisive blow to Tokyo's water supply. The Tokyo
Waterworks Bureau had to impose severe restrictions on the use of
water. Areas in the highlands of Tokyo went whole days with no
water. Water tankers of the Self Defence Forces were mobilized
every day, and citizens had to wait in line with buckets for their share.

The Olympic Games, held for the ®rst time in Asia, were to open
on 10 October 1964. A construction rush had been under way in
Tokyo for hotels, metropolitan expressways, the Tokaido Shinkan-
sen, and subways. Construction sites and newly built hotels were also
suffering from the shortage of water.

Because the dams along the upper basin of the Tone River were
not yet completed, the construction schedule for the Musashi Canal
(a man-made channel connecting the Tone River and the Ara River)
was accelerated. As part of the total water system carrying water to
Tokyo, it succeeded in achieving a temporary supply of water by 20
August. Luckily, toward the end of August, normal precipitation for
the season fell in the upper Tama River basin, and restrictions on
water use were gradually lifted. The Olympic Games went ahead
without any water-related fears.

Development of water resources in the upper Tone River
basin

Development of the water resources of the upper basin of the Tone
River system to serve Tokyo had been proposed to Tokyo City
Council in 1926. Concrete discussions in the Council started in 1936,
but it was not until after World War II that the actual plans were
approved for execution. In March 1963, a plan to bring water from
the Tone River to Tokyo was decreed by the Cabinet as the ``Water
Utilization Plan of Tone River Systems.'' Based on the plan, the de-
velopment of water sources has become a part of the National Water
Resource Development Plan, and many of its projects have been
executed by the Water Resources Development Public Corporation
that was established in 1962. The Tokyo Metropolitan Government
was to take partial ®nancial responsibility for the costs of the water
supply, including industrial water, by way of multi-purpose dams. The
Akigase Intake Weir and Asaka Canal had been built as emergency
measures during the ``Tokyo Water Famine'' of 1964 as described
earlier. The Musashi Canal was also constructed by the Public Cor-
poration. Thus it became possible to get water from the Tone River
systems when there was some spare volume, until the completion of
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dams in the upper basin of the river. Water from the upper Tone
River basin was planned to ¯ow through the Musashi Canal, via Tone
Oseki (Tone Grand Diversion Weir), to the Ara River, with puri®-
cation occurring at the Asaka Puri®cation Plant, and sent from there
to Tokyo by way of water pipes. The Asaka Puri®cation Plant was
completed in 1966. (Prior to that, in 1965, the Yodobashi Puri®cation
Plant, which had played an important role as the largest plant in
Tokyo, ceased to exist. The site occupied by the plant was taken over
for the development of the Shinjuku Suburbanization Plan, and be-
came a town of high-rise buildings, such as the Tokyo Metropolitan
Government Centre, hotels, and of®ces.)

The volume of water supplied to Tokyo increased by 1,200,000 m3/
day after construction of the Asaka Puri®cation Plant (900,000 m3/
day) and the Higashi-Murayama Puri®cation Plant (300,000 m3/day).
All planned construction was completed by 1968, including the Yagi-
sawa Dam in the upper basin of the Tone River in August 1967 and
the Shimokubo Dam in the basin of the Kanna River, a branch of the
Tone River, in November 1968. As a result, the volume of water
supplied to Tokyo increased dramatically. Furthermore, the Tone
River water resource development projects were completed one by
one, and after 1965 the water supply operation expanded to serve not
only the urban areas of Tokyo but also Tama districts. Construction
of the Tone Estuary Barrage was completed in 1971 and dams in the
basin of the Watarase River, the Kinu River, etc. and expansion of
the Asaka Puri®cation Plant were undertaken in the 1960s and 1970s.

Since the 1970s, however, it has become increasingly dif®cult to get
agreement on dam-site areas. Dif®culties in balancing water demands
in the future have been anticipated. The Tokyo Waterworks Bureau
made a public announcement in 1973 on ``Statements Concerning
Water Conservation'' and, for the ®rst time, appealed to citizens re-
garding the need for control over water demand and the saving of
water. At about the same time, the state government began to pro-
pose a ``water conservation conscious society.'' Furthermore, the
1973 ``Act of Special Measures for Reservoir Areas,'' a measure to
cope with the dif®cult situation of upstream reservoir areas, was
passed by the Diet. Great progress has been made, by making a dif-
ferentiation from money compensation-type measures. This was one
of the turning points in the history of dam construction policy.

Criticisms about dam construction were originally based on the
shortcomings of the measures for the reservoir areas of the upstream
basin. Eventually, the effect of dam construction upon the environ-
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ment has begun to be taken into account, with the cost of environ-
mental measures being added on. The cost of construction has thus
risen considerably. Although the Yanba Dam and other dams along
the Agatsuma River (a branch of the Tone River) are already on the
government's construction list, potential dam sites are in general
decreasing and it is gradually becoming dif®cult to secure future
water resources for Tokyo by means only of dams.

Tokyo's waterworks, having experienced a century of many com-
plications, have ful®lled their mission well. Now there are new prob-
lems: environmental problems such as pollution of water at intake
points on rivers, etc., further upgrading of service to inhabitants, and
earthquake measures.

The present situation

General view

The waterworks of Tokyo have become a gigantic and complicated
system supporting a modern megalopolis with a population of 12
million. In this section, present-day conditions will be outlined and
comparisons made with other cities in Japan and with some of the
major cities of the world.

The water resources of the present Tokyo waterworks are based on
three major river systems, namely the Tone River system (80.2 per
cent), the Tama River system (16.7 per cent), and the Sagami River
(2.9 per cent), and underground water (the remaining 0.2 per cent).
Classi®cation of these, in relation to the puri®cation plants, is shown
in table 2.3. Most of the dams and puri®cation plants relating to the
Tone River system development were completed after the latter half
of the 1960s, and these supply most of the water requirements of the
citizens of Tokyo.

The dams in the Tama River system and Tone River system, used
for supplying water, are listed in table 2.4. In addition to the Ogouchi
Dam in the Tama River system, three reservoirs were constructed in
the 1920s and 1930s; these store water taken from Intake Weir of the
Tama River system for a short period of time, and send it to the
Higashi-Murayama and Sakai purifying plants. In 1996, the main dis-
tribution pipes were 2,009 km in length, and the small pipes were
19,887 km in length, giving a total length of 21,896 km (see table 2.5).

One of the important tasks of today's puri®cation plants is to pro-
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Table 2.3 Puri®cation plants for Tokyo's water supply

Contribution (%)

Water resources Puri®cation plant
Capacity
(103m3/day) Plant System Treatment method Completion

Tone River system Kanamachi 1,600.0 23.0 Rapid Sand Filtration 1926
Partial Advanced Water

Treatment
Misato 1,100.0 15.8

9>>>>>>=>>>>>>;
80.2

Rapid Sand Filtration 1985
Asaka 1,700.0 24.4 Rapid Sand Filtration 1966
Misono 300.0 4.3 Rapid Sand Filtration 1975

880.0 Rapid Sand Filtration
Tama River system

Higashi-Murayama
385.0

18.2
Rapid Sand Filtration

1960

Ozaku 280.0 4.0 Rapid Sand Filtration 1969
Sakai 315.0 4.5 Slow Sand Filtration 1923
Kinuta-kami 114.5 1.7

9>>>=>>>; 16.7 Slow Sand Filtration 1928
Kinuta-shimo 70.0 1.0 Slow Sand Filtration 1922
Tamagawaa (152.5) ± Rapid Sand Filtration 1917

Slow Sand Filtration
Sagami River system Nagasawa 200.0 2.9 2.9 Rapid Sand Filtration 1959
Underground water Suginami 15.0 0.2 0.2 Chlorine feeding 1932
Total 6,959.5 100.0 100.0

Source: Bureau of Waterworks (1994).
a. Production at the Tamagawa Puri®cation Plant has been halted because of pollution of the Tama River.
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Table 2.4 Dams in the Tama River and Tone River systems

Dam

Name
Effective capacity
(103m3)

Catchment
(km2) Type Height (m) Length (m) Completion

Murayama-kami
Reservoir

2,983 1.3 Earth dam with
impervious wall

24 318 1924

Murayama-shimo
Reservoir

11,843 2.0 Earth dam with
impervious wall

33 587 1927

Yamaguchi
Reservoir

19,528 7.2 Earth dam with
impervious wall

35 691 1934

Ogouchi
Reservoir

185,400 262.9 Non-over¯ow straight
concrete dam

149 353 1957

Fujiwara Dam 35,890 233.6 Gravity system 95 230 1957
Aimata Dam 20,000 110.8 Gravity system 67 80 1959
Sonohara Dam 14,140 439.9 Gravity system 77 128 1965
Yagisawa Dam 175,800 167.4 Arch system 131 352 1967
Shimokubo Dam 120,000 322.9 Gravity system 129 303 1968
Kusaki Dam 50,500 254.0 Gravity system 140 405 1976
Watarase

Reservoir
26,400 ± Pit-type reservoir ± ± 1989

Naramata Dam 85,000 95.4 Rock-®ll 158 520 1991

Source: Bureau of Waterworks (1994).
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duce water that is safe and tastes good, no matter how polluted the
original supply. In particular, the Kanamachi Puri®cation Plant,
where the water comes from the Edo River, was no longer able to
supply safe and palatable water with the use of the conventional
rapid ®ltration system. A mouldy smell had been noticed in the water
since around 1972, and ®ltering the water through powdered acti-
vated carbon had been tried without satisfactory results. Hence, an
advanced water puri®cation treatment system combining ozone, bio-
chemical, and activated carbon treatments has been employed. This
system is capable of treating 520,000 m3 (approximately one-third of
the plant's total daily capacity of 1,600,000 m3). In order to cope with
a similar problem that started in 1994 at the Misato Puri®cation Plant,
where the water is also taken from the Edo River, the same advanced
water puri®cation treatment system is under construction to exclude
ammonia-based nitrogen gas, which is the cause of the smell of mould
and bleach.

Since the pollution of river water has developed, advanced water
puri®cation technologies have been sought, and the cost of water
puri®cation has risen. Similar problems can be observed in Osaka's
waterworks, where pollution is becoming serious in its water sources:
Lake Biwa and the Yodo River.

In order to meet changes in the social environment appropriately
and to respond promptly to diversi®ed needs, new technology is
developing. Currently, the most important areas are: the develop-
ment of puri®cation technology; improvement of the transmission
and distribution system; improvement of the direct supply system;
improvement of leakage prevention technology; and the effective
utilization of resources and energy.

Table 2.5 Features of Tokyo's water service, 1984//5±1993//4

1984/5 1987/8 1990/1 1993/4

Population served (103) 10,919 11,019 10,973 10,928
Rate of service coverage (%) 99.7 99.9 100 100
Distribution pipe length (km) 19,280 20,164 20,884 21,484
Facility capacity (103m3/day) 6,079 6,629 6,629 6,959
Gross annual supply (106m3) 1,743 1,696 1,773 1,763
Maximum daily supply (103m3) 5,777 5,485 5,955 5,737
Average daily supply (103m3) 4,775 4,634 4,858 4,830

Source: Bureau of Waterworks (1994).

Metropolitan Tokyo

35



Industrial water

Industrial water started to be supplied in Tokyo at the time of high
economic growth when the demand for industrial water was rapidly
increasing. It started in the Kotoku District in 1964 and the Johoku
District in 1971. The problem of land subsidence due to pumping an
excessive amount of underground water had been serious in these
eastern areas of Tokyo. In order to stop the pumping of underground
water, industrial waterworks were constructed as a substitute. These
measures, in place since 1975, have been seen as one of the main
reasons for the cessation of subsidence in the eastern areas of Tokyo.

However, since demand for industrial water has been decreasing
since 1974, owing to the relocation of factory sites, water conserva-
tion policies, etc., some of the water has been converted to use in in-
cineration plants, for car washing, and for ¯ushing toilets. Even so,
the volume of industrial water use is still at excessive levels, and the
accounts of the industrial water industry have continued to be in the
red. Along with the problem of ageing facilities, a complete restruc-
turing of the operation must be sought.

Utilization of treated sewage

The increase in the volume of sewage is proportional to the increase
in water demand. The rate of coverage of the sewerage system in
Japan passed 50 per cent in 1995. Japan is still a developing country
as far as sewage is concerned. However, if one considers just the
Ward Areas in Tokyo, the rate is now 100 per cent.

Treated sewage is beginning to be utilized for a variety of pur-
poses, including toilet ¯ushing (but not for drinking water). Treated
sewage has also been utilized to cope with the exhaustion, even in
normal conditions, of the Tamagawa Canal and the Nobidome Canal,
which were constructed in the Edo period. A daily volume of about
43,000 m3 has been transferred from the sewage treatment plant in
the upper basin of the Tama River into the Nobidome Canal, starting
in 1985, and into the Tamagawa Canal, from 1986. Since 1984, a
maximum daily volume of 8,000 m3 of treated sewage from the
Ochiai Sewage Treatment Plant has been supplied to the Shinjuku
Subcentre Area, where the Yodobashi Puri®cation Plant used to be
located.

Furthermore, since 1995, treated sewage has been utilized to sup-
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ply water, at a rate of 1 m3/sec, to the Shibuya River, the Meguro
River, and the Nomi River, where the volume of ¯ow in normal con-
ditions has shown a marked decrease.

The biggest cause of the decrease in ¯ow in these streams, at nor-
mal times, has been the spread of the sewerage system. The sewerage
system in Tokyo is designed to cope with heavy rain of 50 mm/hour.
Consequently, most rainwater is drained through the sewerage sys-
tem, and drainage by small streams has become unnecessary, even at
times of heavy rain. In other words, most of the surface ¯ow has been
transformed into underground ¯ows.

It is ironic that the treated sewage from sewage treatment plants
has been put back into these streams in order to maintain their envi-
ronmental balance, when discharges have decreased markedly be-
cause of the spread of the sewerage system. In some cities in Europe,
small streams have been revived by discontinuing the use of sewerage
systems. Sewerage systems have been a symbol of civilization, but
this is no longer the case. One's view of twenty-®rst-century civiliza-
tion is now affected by the ¯ow of treated sewage into streams that
have lost much of their original water volume.

Towards a ``water conservation conscious city''

In 1973, the ``oil shock'' created economic confusion throughout the
world. Japan, having been seriously affected, has since then employed
energy conservation as a state policy.

In January 1973, in order to balance water demand and also to
control it, the Tokyo Waterworks Bureau publicly announced its
``Policy to Control Water Demand,'' which was a forerunner for cities
across Japan. At that time, despite the increase in water demand in
Tokyo, water resource developments were not progressing according
to plan, owing to popular movements against dam construction.
Future water supply shortages were therefore anticipated.

For 80 years, with the constant increase in public water demand,
the bureau had been planning and executing water resources devel-
opment projects. This new policy was a great turning point in Tokyo's
water demand planning. Furthermore, in Japan the supply of drink-
ing water is a ®nancially independent business within each city. Con-
sidering the fact that controlling demand meant less revenue, this was
a drastic change of policy in the Waterworks Bureau.

At about the same time, a ``water conservation conscious society''
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was proposed by the water administration of the state government.
Such a policy was becoming popular all over Japan under the in¯u-
ence of cities such as Tokyo where water consumption was high.

In 1987, learning a lesson from the water shortages of that year,
a Round-table Committee for Creating a Water Conservation-
Conscious Society was formed within the Waterworks Bureau. The
committee's report states the need to make urban society aware of
the need for water conservation through the reinforcement of con-
ventional water conservation systems and the philosophy of water
recycling. Since then, the Waterworks Bureau has been actively pro-
moting public relations activities to develop awareness of water con-
servation among citizens in their daily lives. It has also been re-
questing manufacturers to develop ®xtures such as faucets, toilets,
and laundry machines that conserve water.

Concerning the promotion of ef®ciency in water use, since 1984
there have been individual building recycling, district recycling, and
large area recycling. Treated sewage and industrial water have begun
to be utilized as their water resources.

As part of its leakage preventive measures, the Bureau makes it a
rule to carry out repair work on the day that a surface leak is found.
Where the leak is underground, the potential leakage volume is
assessed by the minimum ¯ow measurement method, and leaks are
located with electronic leak detectors, correlation-type leak detec-
tors, etc. (all performed at night-time). As a result, the leakage rate
was reduced to 16.1 per cent in 1977 and to below 10 per cent in 1995
(as shown in table 2.2 above). The target is to bring the rate down to
7 per cent by the beginning of the twenty-®rst century. To prevent
leaks, ductile metal and stainless steel are being used for water dis-
tribution pipes.

Tokyo's water service compared with other cities in Japan and
the world

Tokyo, the capital of Japan, is the biggest city in Japan. It covers an
area of 2,183 km2, which is 0.6 per cent of the total national land
area. Its population of a little short of 12 million is 9.5 per cent of the
total national population. Its population density of 5,500 persons/km2

is about 17 times the national average.
Its water service population, waterworks capacity, and volume of

water distributed are compared with other major Japanese cities in
table 2.6. The maximum daily consumption of water per person in
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Table 2.6 Features of the water service in Japan's main cities, 1994

City
Population
served (103)

Average daily
supply per
person (litres)

Maximum daily
supply per
person (litres)

Water supply
facility capacity
(103m3/day)

Household rates
(yen/103m3)

Length of
distribution pipes
(km)

Sapporo 1,706 314 381 785 1,194 4,826
Sendai 922 382 460 463 1,266 2,824
Kawasaki 1,193 437 509 1,026 587 2,135
Yokohama 3,310 399 486 1,780 587 8,406
Nagoya 2,146 386 478 1,424 570 4,990
Kyoto 1,426 485 619 980 700 3,598
Osaka 2,603 580 729 2,430 772 4,993
Kobe 1,504 415 503 833 762 4,172
Hiroshima 1,091 382 490 644 576 3,627
Kita-Kyushu 1,018 360 441 710 751 3,544
Fukuoka 1,214 296 386 705 927 3,372
Tokyo 10,928 430 513 6,960 791 21,484

Source: Bureau of Waterworks (1994).
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some of the major cities of the world is compared in table 2.7. Com-
pared with Tokyo, the water supply volume of Detroit in the United
States is very large, whereas in other cities consumption is lower. This
re¯ects differences in attitudes and habits toward the use of water in
each city. Nevertheless, in the face of severe environmental prob-
lems, every city should make efforts to save water.

The future

New targets for water supply works

Ever since the establishment of modern waterworks in Tokyo a hun-
dred years ago, efforts have been made to secure water resources and
to maintain facilities. These efforts have brought results at last, but it
is no longer a question of just securing the necessary volume of water.
A series of new problems has surfaced. To cope with these problems,
in 1997 the Tokyo Waterworks Bureau proposed seven signi®cant
targets for the next quarter-century.

Waterworks that are immune to shortages
In recent years, there has been no shortage as serious as that of
summer 1964. However, every few years, restrictions on water use
have been imposed in periods of low rainfall. Because water is used
in many diverse ®elds, the effect of water restrictions on citizens' lives
and activities is quite serious.

Table 2.7 Features of the water service in various cities of the world

City
Population
served (103)

Length of
distribution
pipes (km)

Length of
distribution pipes
per 103 people
served (km)

Maximum daily
supply per
person (litres)

Bangkok 4,800 8,086 1.7 479
Singapore 2,558 3,905 1.5 250
Cape Town 2,200 3,094 1.4 426
Rome 2,830 4,810 1.7 636
Vienna 1,470 2,950 2.0 393
Geneva 304 911 3.0 829
Rotterdam 1,100 2,700 2.5 ±
Detroit 3,469 5,517 1.6 1,764
Tokyo 10,928 21,484 2.0 513

Source: Bureau of Waterworks (1994).
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The goal for Japan's waterworks is a stable supply of water even in
times of great shortage that occur once every 10 years, but Tokyo's
waterworks have not yet reached that level. The waterworks of San
Francisco and New York in the United States have been designed to
withstand the greatest historical shortages, and in London they are
designed to withstand the shortage that occurs once in 50 years. The
reservoirs on the Tone River and the Tama River for Tokyo's wa-
terworks hold about 30 m3 per person. In comparison, the pondage
per person is 520 m3 for San Francisco and 280 m3 for New York.
The pondage is as low as 90 m3 per person for Paris and 35 m3 for
London, but the Seine River, as the water resource for Paris, and the
Thames River, as the water resource for London, experience little
¯uctuation in discharges, which has made a stable supply possible.
Since the pondage per person for the Tokyo waterworks is quite
small, it can be said that the safety margin of the water supply is not
high. It is therefore important to establish a waterworks system im-
mune from shortage.

Waterworks that can provide a constant water supply
Many disasters related to water quality have occurred in recent years
± there were 299 cases in 1995. About 60 per cent of cases of water
pollution are due to oil. In order to cope with the problem, channels
for emergency communications and information collection have been
established by the communications network through conferences
held by related administrative organizations.

Disasters related to waterworks facilities, in particular puri®cation
plants, include pollution of water sources with toxic oils, ageing of the
facilities, and electricity failure caused by lightning strike or snow fall.
Disasters related to water pipes involve traf®c vibration, ageing of
pipes, leaks caused by soil corrosion, and damage from construction
works such as road repairs or gas pipe works.

Even in times of disasters related to water quality or facilities, sys-
tems to ensure a constant water supply must be established.

Preparation for a great earthquake
The Hanshin-Awaji earthquake of January 1995 should be acknow-
ledged as a precedent for epicentral earthquakes in Kanto urban
areas. It is clear that Tokyo's dilapidated water pipes would be dev-
astated if hit by such an earthquake. Since the Hanshin earthquakes,
the Tokyo Waterworks Bureau has been proceeding with the rein-
forcement of reservoir, intake, puri®cation, transmission, and distri-
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bution facilities against seismic shocks. In order to secure potable
water in the event of an emergency, it is planned to locate water
storage bases every 2 km. For this purpose, existing puri®cation
plants and water stations will be used as water storage bases. For
areas that are more than 2 km from these puri®cation plants and
water stations, emergency water tanks are already in place; for ex-
ample, there are 45 tanks in the Ward Areas and 7 tanks in Tama
District. Each tank contains 1,500 m3 of water and is placed in a park
that has been designated as a refuge. Within the Tokyo area, there
are 169 emergency water supply points, and the total potable water
volume constantly stored is 910,000 m3. This is equivalent to the
consumption of Tokyo's 12 million citizens for three weeks, allowing
3 litres of water per person per day.

Taking into account the worst possible scenario at the time of an
earthquake disaster, ways to secure potable water and water to ex-
tinguish ®res must be sought.

Maintaining water quality
As regards Tokyo's future water management, measures to maintain
the quality of the water must be seriously considered. The advanced
water treatment started at the Kanamachi Puri®cation Plant should
not be considered as a temporary measure to cope with the contami-
nation of water resources. It should be seen as the forerunner of
measures at a time when many new and dangerous chemical sub-
stances are being developed.

Providing an impartial and ef®cient supply
In normal times, or even in times of disasters or shortages, the pur-
pose of the water service is to provide an impartial and ef®cient water
supply for users. Means of establishing such a system must be sought.

Waterworks that consider the environment
Waterworks must be designed to take into account energy saving, the
ef®cient use of energy, and the recycling of resources at all stages
such as puri®cation treatment and the supply and operation of water
services.

Waterworks that are familiar to users
In order to realize a peaceful life for the users, information collection
from users and a give-and-take two-way information system must be
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encouraged. It is important for waterworks to become familiar and
intelligible to its users.

Future water resources policies

Conventionally, the concept of water resource developments was
limited to the production of new water resources through river
developments, including the construction of dams and estuary bar-
rages. For now, and for some time to come, these conventional river
developments will continue to be the main technologies. But the de-
mand for and supply of water should be brought into balance by
combining various developing technologies and not by depending on
river developments alone.

Considering that water resources are circulating resources, water at
every phase of circulation must be seen as a resource. In other words,
water sources should not be limited to the water from rivers, lakes,
and ponds and underground water, but should include all forms, from
rainwater to treated sewage.

The utilization of treated sewage for building use and environ-
mental use, which has already begun on a small scale in Tokyo, is a
signi®cant step in the long-term vision of future water resource poli-
cies. Though there are many problems with using treated sewage,
such as cost, administrative matters, and the creation of laws, its uti-
lization must become the most important task of the twenty-®rst
century. There are many ways to attain this goal, such as sending
treated sewage back to the upper basins of rivers, or sending it
through underground pipes to wherever it is needed, as is being done
in some areas already.

Using treated sewage has many advantages, including the facts that
it enables the increase in water demand to be met, and that the pro-
duction of treated sewage is carried out close to the place of water
consumption. The utilization of treated sewage is a good way of
increasing the rate of water recycling and thus contributing to the
ultimate goal of ef®cient water utilization.

As far as the desalination of seawater is concerned, the costs of
constructing and operating desalination plants are quite high, and
energy consumption at plants is very high. Furthermore, for Tokyo it
would be necessary to provide extremely long pipes into Tokyo Bay
to get clean seawater. All these problems make the idea unfeasible
for some time to come.
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The development of water resources through conventional river
projects is reaching its limits for large cities such as Tokyo. Dam sites
are getting further away from consumption areas, and the effects of
dam developments upon the natural and social environment have to
be stringently watched. Consequently, the cost of measures to deal
with environmental problems has made the cost of dam construction
high.

Promoting awareness of water conservation among users will be an
important part of water resources policies in the future. Since the
development of water resources has become expensive and dif®cult,
controlling the rise in water demand is vital. To this end, water users
must be made aware of the fact that water is an invaluable resource
and that it must be used sparingly. The use of water-conserving
appliances must be expanded, and public relations activities must be
reinforced. Such efforts should not be limited to water resource areas,
but should become an essential measure in coping with the deterio-
ration of the global environment.

Water circulation and urban civilization

Rapid urbanization and changes in water circulation

Urbanization affects water circulation. The spread of sewerage sys-
tems, as described previously, caused a deterioration in river and
canal environments as a result of water ¯ow loss. Other changes in
water circulation are caused by the paving of roads and the conver-
sion of farmland into housing.

The urbanization of Tokyo started in the 1950s. Tokyo's popula-
tion increased rapidly from the latter part of the 1950s into the 1960s,
and is now some 12 million, warranting the name ``mega-city.'' Ur-
banization at such a pace has changed the water circulation of Tokyo
drastically, and has become the cause of new urban ¯ood hazards.
The Kano River typhoon, on 26 September 1958, produced the
highest recorded rainfall per day (392 mm) since 1875 in Tokyo, and
caused great ¯ood damage in the newly developed housing areas of
the western part of Tokyo. Since then, damage caused by rainfall has
increased in parallel with new housing developments. Changes in
water circulation during heavy rains are the main cause.

The urbanization of Tokyo has been accompanied by the pop-
ulace's desire for a higher standard of living, resulting in a heavy
burden on rivers and water circulation. These burdens have involved
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the control of water, the utilization of water, the environment, and
the landscape. Embankments became taller as a result of river im-
provement works undertaken to protect against water hazards, thus
spoiling views along rivers and streams. The construction of highways
to provide easy access to the areas alongside these rivers has also
spoiled riverside scenery.

In today's Tokyo, projects that aim to restore the rivers and water
circulation of the city are ®nally under way. They include advanced
water treatment systems in puri®cation plants, the discharge of
treated sewage into rivers and streams, the utilization of treated
sewage in high-rise buildings, the encouragement of urban renewal
work, and river improvement work in the development of the Super
Embankment along the Sumida River ± a river that is emblematic of
Tokyo.

The philosophy of recycling

Urban developments that contribute to the convenience of urban life
and economic ef®ciency have altered the nature of water circulation
in Tokyo. As a result, the populace has been troubled by new types
of ¯ood hazard since 1985, a decrease in water bodies, a decrease in
the ability to control the temperature in the city, and the heat island
phenomenon, which has become acute in recent years. Tokyo water-
works have eagerly sought to meet the increased demand for water
and have developed water resources by means of dam construction.
New technologies, based on visions worthy of the twenty-®rst century
and not limited to conventional planning ideas, have been sought for
the water management of the future.

This could be called the materialization of the philosophy of recyc-
ling. The characteristics of water as a natural resource are intrinsic
in the meaning of the recycling of resources. The utilization of treated
sewage in buildings and to recharge rivers since the latter half of the
1980s in Tokyo, no matter how limited, should be recognized as the
forerunner of water recycling measures from the point of view of the
history of technologies.

New technologies must be developed to cope with the utilization of
treated sewage, which is expected to grow in volume in Tokyo in the
future. In order to achieve this goal, it is important to offer water of
acceptable quality at low cost. The administration that produces
treated sewage and the administrative bodies for waterworks, rivers,
and streams, and the environments expected to use the treated sew-

Metropolitan Tokyo

45



age are related to each other. In order to realize the philosophy of
water recycling, an all-around administration is a must. In order to
achieve this academically, the development of interdisciplinary ®elds
of studies and cooperation is required. At the moment, treated sew-
age is sent underground from treatment plants to buildings, rivers,
and water channels. For the future, however, studies are already un-
der way on numerous technologies for sending it back to the upper
basins of rivers and streams supplying puri®cation plants.

In this context, the utilization of treated sewage must be recognized
as one part of water resource development. Water resource develop-
ment for big cities in the future should be a combination of dams, the
utilization of treated sewage, the use of rainwater, as is being done in
Sumida District, Tokyo, the conversion of existing water rights, etc.
The designers and the executors of development plans must recog-
nize that projects that do not take recycling into account affect the
natural circulation of water in that area. If this concept is not ac-
cepted, the philosophy of recycling will not be able to be applied to
Tokyo as a basic element in city planning.

The concept of recycling should not be limited to the waterworks
of Tokyo; it should be applied to the water management of any future
megalopolis and especially to the future planning of water-related
infrastructure. As water-related projects become bigger and more
complicated, the concept will expand its in¯uence beyond borders.
Hence, the concept is undoubtedly the key to the global problems of
water and the environment.
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3

Water quality management
issues in the Kansai
Metropolitan Region

Masahisa Nakamura

Introduction

The Metropolitan Region of Kansai, which encompasses the cities of
Kyoto, Osaka, and Kobe and surrounding municipalities in the Lake
Biwa±Yodo River±Osaka Bay water system (see ®g. 3.1),1 has a
population of some 18 million, of whom 14 million are served by the
water of Lake Biwa (see table 3.1). The region is also characterized
by major industrial developments, particularly along the Osaka Bay
and Seto Inland Sea strip, as well as by extensive paddy agriculture in
the Lake Biwa lowland areas. A complex web of water supply and
wastewater networks serves and supports the region and its high level
of municipal, industrial, and agricultural activities.

The Kansai Metropolitan Region has historically been dependent
on Lake Biwa and the Yodo River for its water resource needs. The
Biwa±Yodo system, therefore, had to be gradually transformed over
the past century or so from a natural water system to a managed
water system, through the installation of ¯ood control facilities and
the development of water resource management and control systems.
The latest and the greatest of the sequence of engineering projects
for water management is called the Lake Biwa Comprehensive De-
velopment Project (LBCDP), which was completed in March 1997
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after 25 years. Thanks to the construction of a new weir and of levees
around the lake, Lake Biwa water can now be discharged into the
Yodo River in much greater quantities and with less variability to
satisfy urban, industrial, and agricultural needs around and down-
stream of the lake at times of severe drought. Flooding problems can
also be dealt with more easily now by resorting to newly installed
pumping facilities and control gates for all of the rivers and irrigation

Weir

Fig. 3.1 The Lake Biwa±Yodo River±Osaka Bay area and part of Kansai Metro-
politan Region
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channels that ¯ow into Lake Biwa (Nakamura and Akiyama, 1991;
Nakamura, 1995).

The Kansai Region, however, has still to deal with many unresolved
problems of water management, particularly with respect to water
quality. The improved water resource systems and infrastructures
around Lake Biwa will promote further development of the water-
shed that will bring about environmental issues of greater magnitude
and of a more complex nature. Water quality issues, which are by
themselves inherently quite dif®cult to deal with owing to their
growing complexity, are now intertwined with quantity issues, making
the management of the Biwa±Yodo±Osaka Bay system extremely
challenging both for the upstream and for the downstream regions.

This chapter will attempt to highlight some unique features of the
water system in the region and to describe brie¯y its evolution as well
as the implications for the current physical and institutional struc-
tures. It will also attempt to address the issues facing individual sub-
regions and municipalities as well as the issues facing the entire water
system within the broad context of water quality management, e.g.
upstream±downstream relationships, the upgrading of the waste-
water management system, the water quality of Osaka Bay, and con-
trol of Lake Biwa eutrophication, all with reference to such emerging
concerns as sustainable water use, integrated watershed manage-
ment, and the attainment of a sound ecosystem.

The Kansai Metropolitan Region

The Kansai Metropolitan Region includes such major cities as Osaka
(with a population of 2.64 million), Kyoto (1.50 million), and Kobe
(1.41 million) and many surrounding municipalities, including some
medium-sized cities such as Otsu, Nara, and Wakayama. It boasts the

Table 3.1 Population served by Lake Biwa water, 1994

Prefecture
Population within
jurisdiction

Population served by
Lake Biwa water

Dependency
on Lake Biwa
water (%)

Shiga 1,289,277 1,012,185 79
Kyoto 2,602,351 1,789,509 69
Osaka 8,719,584 8,525,052 98
Hyogo 5,466,316 2,612,801 48
Total 18,077,528 13,939,547 77
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third-largest industrial output in Japan, amounting to 40.5 trillion yen
(in 1990) or about 12.4 per cent of the total domestic product.

Throughout history, Osaka has been known as a merchant city and
also as a place where many new businesses sprout. Although much of
the city was destroyed during the Second World War, it made a rapid
recovery and achieved remarkable industrialization in post-war dec-
ades. The industrial complexes extending south as well as west along
the Osaka Bay coastline formed what is called the Hanshin Industrial
Complex. At the same time, a large number of small-scale manu-
facturing industries have sprung up in the mixed residential and com-
mercial districts within the city as well as in the suburban regions,
resulting in uncontrolled urban and semi-urban growth into the sur-
rounding regions. Such patterns of development are said to have
caused the disappearance of the once extensive canal network around
the Bay which was used for shipping commodities up through the
Yodo River, the reason for Osaka having once been called the
Venice of the Orient.

Kyoto, the ancient capital city, has been endowed with many cul-
tural and scenic assets throughout history. It has the highest concen-
tration of temples and shrines in Japan, which are major tourist
attractions. The city, however, had been constrained by its water
resources, and industrialization of the city in the late nineteenth cen-
tury lagged far behind that of downstream Osaka. Prompted by this
observation, the governor at the time initiated a study on the con-
struction of a canal to link the city with Lake Biwa, which was com-
pleted in 1891. Kyoto began to regain its economic strength and was
able to develop various manufacturing industries other than the
traditional kimono textile and sake (rice wine) industries. Since the
construction of the canal, Kyoto has never experienced serious water
shortages.

Kobe, a port city some 30 km or so west of Osaka, has thrived be-
cause of its role as a major port for international trade. However, it is
extremely constrained in terms of space because it is situated on a
strip of coastal land backed by a range of plateau land. The city has
undergone tremendous transformation in recent decades through the
reclamation of its coastal shallows. Some major steel producers and
ship builders once dominated the industrial structure of the area, but
there is now a fairly signi®cant number of small to medium manu-
facturers of low-cost household goods. Yodo River water transported
from Osaka helped to sustain the population and industry. An earth-
quake in January 1995, however, devastated the city and much of its
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infrastructure, including its industrial facilities. The city is now mobi-
lizing every available resource to recover from the damage and to
reconstruct the whole of the metropolitan system, including water
and wastewater facilities.

Around and between these great cities lie many small municipal-
ities, whose boundaries are hardly noticeable owing to widespread
urban development. Many industries that used to operate within the
inner metropolitan districts have been relocated steadily since the
war to the outer districts, resulting in the creation of these new
municipalities with growing populations. In the Metropolitan Region
of Kansai, the management of water, with respect to both quantity
and quality, has become extremely important as well as intricate.
Each of the three main metropolises has had its own unique problems
to overcome and has developed its own unique system of water
services. The wastewater from these urban developments has to be
collected, treated, and discharged. These discharges, together with
urban runoff after rain, ®nd their way into tributary water channels
prior to reaching the main watercourse of the Yodo River. In a short
stretch of less than 30 km, the discharges and water intakes have to
compete before the river water ®nally reaches Osaka Bay, about
which we learn in some detail in the next section.

The water resources in the region

The Lake Biwa±Yodo River water system

The Kansai Metropolitan Region lies in the central part of the area
known as the Kinki District, where the natural setting differs widely
between the north, which faces the Sea of Japan, and the south,
which faces the Paci®c Ocean. The weather is generally much warmer
and drier in the south than in the north, where annual precipitation
may exceed 3,000 mm. In the central lowland areas, Lake Biwa col-
lects runoff from the precipitation on the surrounding mountain
ranges, but the land itself actually receives much less precipitation ±
in the range of 1,600 mm to 1,900 mm per annum. The whole of the
catchment area of Yodo River is 8,240 km2, including Lake Biwa
(3,848 km2), of which about half is forest area. Of the other half,
about 30 per cent is agricultural land, most of which is paddy ®elds,
and less than 20 per cent is used for housing and other development
activities.

The mountain ranges around Lake Biwa and the tributaries of
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the Yodo River are generally covered with dense forest, which func-
tions as a natural reservoir as well as a gigantic ®lter producing high-
quality raw water to replenish Lake Biwa and the Yodo River. There
are, however, 12 dams (including some under construction, but ex-
cluding agricultural irrigation dams) in the watershed for the inte-
grated management of water resources to make up for ¯uctuations in
precipitation (see ®g. 3.2). The natural advantages, however, face the
challenge of human consumptive activities for scores of kilometres
downstream.

The urban, industrial, and agricultural water resource needs of
the Kansai Metropolitan Region are supported by the Biwa±Yodo
system, including those of Kobe, which is not within the watershed.
Water is extracted by various water supply systems from the Biwa±
Yodo system. The Yodo River main watercourse serves most of the
downstream needs, as shown in ®gure 3.3. Wastewater is collected by
the sewerage networks, treated, and discharged back into the Biwa±
Yodo watercourse or directly into Osaka Bay and Seto Inland Sea via
smaller watercourses. Street runoff is dealt with in the same way.
Thus, discussion of water quality management issues in the region
invariably involves the Biwa±Yodo system and the Osaka Bay±Seto
Inland Sea receiving water bodies.

The water systems of Lake Biwa, Yodo River, and Osaka Bay are
unique. Lake Biwa and Yodo River support extensive urban, indus-
trial, and agricultural activities and Osaka Bay supports maritime
activities, all within a compact geographical area of less than 10,000
km2. The direct distance from the northernmost tip of the Lake Biwa
watershed to the southern opening of the Osaka Bay estuary is less
than 200 km. Osaka Bay, which is not much larger than Lake Biwa
itself, is an ideal harbour supporting the port of Osaka, where signif-
icant cargo and passenger maritime activities and some active ®shery
takes place. Also conspicuous at the south-eastern end of the Bay is
the newly constructed island for Kansai Airport.

Lake Biwa Comprehensive Development Project

Lake Biwa, Japan's largest freshwater lake in terms of both its sur-
face area (674 km2) and its volume �27:5� 109 m3� and accommo-
dating 121 rivers of various sizes (over 400 if small streams are
included), serves as a source of domestic and industrial water both for
the lake catchment area and for the downstream population and in-
dustrial centres in the Kansai Metropolitan Region (apart from Nara
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Fig. 3.2 Water resource development projects in the Lake Biwa±Yodo River region
(Source: Biwako±Yodogawa Suishitu Hozen Kikou, 1996, p. 37)
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and Wakayama). This occurs through the Seta River, the only natural
river ¯owing out of the lake.2 Within Kyoto Prefecture it is called the
Uji River. The Uji River is met by the Kizu and Katsura rivers at the
Kyoto and Osaka prefectural boundary, and the downstream stretch
from this point is popularly called the Yodo River (see ®g. 3.1). The
¯ow contributions to the Yodo River of the Uji, Kizu, and Katsura
rivers are, respectively, 64.2 per cent, 18.0 per cent, and 15.0 per cent.

The of®cial designation of the whole of the Yodo±Uji and Lake
Biwa water bodies is the Yodo River system. Its annual average
¯ow, its high ¯ow, and its low ¯ow are, respectively, 226.8 m3/sec,

Fig. 3.3 Allocation of water rights (m3/sec) in the Lake Biwa±Yodo River region
(Source: data obtained from Shiga Prefecture Bureau of Lake Biwa Environment,
Water Policy Division, 1997)
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177.6 m3/sec, and 117.0 m3/sec. The ratio of high to low ¯ows, 0.52, is
the highest among the major river systems in Japan, making Yodo
River a very stable source of water. The Yodo River system has many
features that make it an excellent water source. These include the
bene®cial relationship it has with Lake Biwa, which serves as an ideal
natural reservoir and regulator of river ¯ow. Other unique charac-
teristics are that the river system gets replenished three times a year
by melting snow, by spring rain, and by typhoons. The Yodo River
system comprises three river systems with different meteorological
features that compensate each other during their individual ¯ow
¯uctuations. The entire river basin consists of several self-enclosed
lowland areas. These features allow for the recapture of highland
water for use within the lower areas, making the lowland area in the
upper basin of Yodo River a natural underground reservoir that ulti-
mately contributes greatly to the replenishment of the lower stretch
of the Yodo River (Fujino, 1970).

Among the distinct phases of Lake Biwa management, the earliest
and longest was that of ¯ood and drought management. The paddy
farmers in the catchment basin had periodically suffered from ¯ood-
ing and droughts before the 1905 construction of a weir on the Seta
River, the only outlet river, which has since moderated the magnitude
of their impacts. This phase was followed several decades later by the
management of water resources. The Lake Biwa water system, serv-
ing downstream needs by way of the Yodo River watercourse, had
long been more than adequate. But when Japan began experiencing
phenomenal economic growth in the 1960s and downstream demand
was dif®cult to quench with the ¯ow of the Yodo River at the time,
the water of Lake Biwa immediately became a hot subject of debate.
It was argued that, in view of the projected shortage of water for in-
dustrial and municipal uses, the resource value of Lake Biwa water
should be exploited further. After lengthy and heated political ex-
change among the parties concerned, the Shiga and the downstream
local and prefectural governments, with the help of the central gov-
ernment, agreed in 1972 to engage in a large-scale water resource
development project called the Lake Biwa Comprehensive Develop-
ment Project (LBCDP).

The basic idea of the project was to allow the discharge of 40 m3/sec
of additional water at times of drought. The corresponding draw-down
of the water level was set at 1.5 m below normal. The project com-
prised water resource development projects, ¯ood control and related
water management projects, and compensatory public works projects
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for the development of catchment land. It was originally a 10-year
project. Upon failure to implement the component projects fully
by 1982, the project was extended by 10 years, and then for another
5 years, to become a 25-year national project. The project, whose
total budget eventually turned out to be 1.9 trillion yen (or some
US$19 billion), was ®nally completed in March 1997.

As a result of this development project, lake water can be released
to meet downstream needs as appropriate, and the improvement of
the in-¯owing river system and the coastal fringe will help alleviate
¯ood damage better. In addition, Shiga Prefecture is much better off
in terms both of the economic development achieved during the
course of the LBCDP and of future potential, with extensive infra-
structure development undertaken thanks to the ®nancial arrange-
ments of the project. The aquatic environment of Lake Biwa, how-
ever, has undergone signi®cant change over this period, as will be
discussed below.

Water metabolism of the region

Metabolic features of the region

The geographical features of a region are the principal factors deter-
mining the con®guration of its water system. Metropolitan develop-
ments in the Lake Biwa±Yodo River watershed are shaped in the
lowland areas, which are separated by plateaus and mountains that
obstruct direct and easy links. The road connections between these
lowlands are of radial rather than concentric forms, which has
allowed the development of metropolises with unique features. The
systems of water supply and of wastewater discharge have also been
developed more or less independently precisely for that reason.

There are also demographic features characterizing the Kansai
Metropolitan Region. One of the most important is that the popula-
tion density of the region is 2.3 times the national average, and is the
highest among the three major metropolitan regions in Japan. The
intensity of water use per unit of land as well as of pollution genera-
tion is naturally affected by such statistics, though other factors also
come into play.

The Osaka±Kobe belt zone, otherwise known as the Hanshin In-
dustrial Zone, was the largest industrial complex until the middle of
the Second World War. Industrial output from this region, however,
began to decline within a few decades after the war because of the

Kansai Metropolitan Region

56



decline in heavy industries such as steel mills and ship-building owing
to increasing competition from the newly industrializing nations.
Unfortunately, there was no major siting in this region of the thriving
post-war industries in Japan such as automobile manufacturing.
However, the economy of the Kansai Region is still supported by such
industries as iron and steel, chemicals, and textiles (33.7 per cent,
compared with 27.5 per cent for Kanto Region and 25.7 per cent
for Chubu Region). There is also a relatively greater proportion of
manufacturing industries producing household consumption goods
such as food, clothing, rubber, plastic and leather items (33.0 per
cent, compared with 26.5 per cent for Kanto and 25.7 per cent for
Chubu). The proportion of industries producing electrical and elec-
tronic equipment or high-tech products such as computers and audio-
visual supplies is correspondingly lower (33.3 per cent, compared
with 46.5 per cent in Kanto and 48.9 per cent in Chubu). The ®rst two
categories of industries are much more water intensive than the third,
meaning that the degree of pollution load emitted per unit of pro-
duction in the Kansai Region may be said to be greater than that in
Kanto or Chubu. This general trend, however, does not hold for the
Lake Biwa lowland area, where the siting of polluting industries is
strictly regulated.

Water supplies

As might be expected, there are many water supply systems in the
Kansai Metropolitan Region (87 fully equipped water treatment sys-
tems, 292 partially equipped small treatment systems in rural areas,
and 63 special-purpose treatment systems including industrial water
supplies). Lake Biwa water is supplied to Osaka Prefecture (58%),
Kyoto (20%), Shiga (9%), Hyogo (8%), Mie (1%), and Nara (4%)
(Biwako±Yodogawa Mizukankyou Kaigi Jimukyoku, 1996, p. 28).
Municipal water use has increased and continues to increase as a
result of changing life styles demanding greater amounts of water for
non-consumption uses such as bathing, showering, and car-washing,
and also because of the proliferation of household appliances requir-
ing large amounts of water, such as automatic washing machines and
dishwashers (see ®g. 3.4). Demand for industrial water use, on the
other hand, has been steadily decreasing owing to the change in the
nature of industrial activities and to the greater awareness of water
conservation.

In principle, responsibility for the management of municipal water
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supply systems lies with municipal governments in Japan. They need
to source their water within their own jurisdictional areas and con-
struct and manage the systems.

The Kyoto water supply system, consisting of four puri®cation
plants (including the Keage Plant, which was the ®rst plant in Japan
to be installed with rapid sand ®lters), is almost totally dependent on
Lake Biwa water. The Lake Biwa canals (called Biwako Sosui, one
completed in 1890 and the other in 1970) provide a total of 23.35 m3/
sec of lake water, much more than the city needs. The quality of the
water is that of the southern basin of Lake Biwa where the canal
intakes are located. The major concern of the Kyoto puri®cation

Fig. 3.4 Trends in municipal and industrial water use in Osaka City and Osaka Pre-
fecture, 1965±1994 (Source: data obtained from Osaka Prefecture and Osaka City)
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plants, aside from ordinary concerns about chemical and bacterio-
logical contamination, is the problem in early summer of musty taste
and odour, which are caused by certain phytoplanktons in the Lake
Biwa water. Wastewater drains into the two tributary rivers to the
Yodo River.

Osaka City possesses three large water treatment plants (Niwa-
kubo, Toyono, and Kunijima), which supply four distribution dis-
tricts. All the plants depend on the Yodo River as their water source,
with total water rights amounting to 23.49 m3/sec or about 203 million
m3/day (Osaka Municipal Water Works Bureau, n.d.). The quality of
the water drawn into these water puri®cation plants is signi®cantly
affected by Lake Biwa's water quality as well as by the quality of
water draining into the Yodo River from its tributaries that run
through urban and semi-urban developments. In particular, the prob-
lem of musty taste and odour, which ®rst affected the Osaka water
supply in 1970, has become of symbolic importance in terms both of
consumers' awareness of the deterioration in the quality of Lake
Biwa and Yodo River water and of the emphasis by the Osaka City
and Prefecture waterworks on the need to upgrade their treatment
systems (see, for example, Osaka-fu Suido-bu Suishitu Shikenjyo,
1995). The presence of the Kyoto wastewater treatment plants
upstream along the Kamo River also makes it necessary for Osaka
City and Prefecture to resort to treatment technologies that produce
water of the highest quality at a very high unit cost of production.
By the mid-1990s they were ®nally able to convince the public of the
need to increase the water rates and to mobilize ®nancial resources to
begin to cope with the problem.

Except for large cities such as Kyoto and Osaka, rapidly increasing
demand and limited water sources have made it impossible for indi-
vidual municipalities to develop and manage their own water supply
systems, prompting the development of regional water supply systems
managed by the prefectural governments. In the suburban Osaka area,
for example, the Prefectural Water Supply Utilities supply treated
water at wholesale prices to 39 small and medium-sized municipalities.
The prefectural government of Osaka operates three major municipal
water treatment plants (Murano, Mishima, and Niwakubo), and two
additional water supply systems are currently under construction. A
semi-public regional water supply utility called the Hanshin Water
Supply Corporation provides water to municipalities in the western
part of Osaka Prefecture and the eastern part of Hyogo Prefecture
(including the city of Kobe).

Kansai Metropolitan Region

59



The development of industrial water systems in the Kansai Metro-
politan Region has its own history. Prior to the installation of indus-
trial water supply systems, industries in Osaka took water straight
from rivers or from underground. The rapid growth of industries
after the war, particularly in the 1950s and 1960s, led to the extraction
of large amounts of groundwater, which began to cause serious land
subsidence in the western part of Osaka along the coastline.3 To pre-
vent further subsidence, groundwater extraction had to be replaced
by the provision of water speci®cally for industrial use. Several water
supply systems in Osaka City as well as in Osaka Prefecture are
dedicated to supplying industrial water (see ®g. 3.5). In Osaka City,
four water puri®cation plants supply four service districts with some
271,400 m3/day. In Osaka Prefecture, two water treatment plants
provide nearly 344,000 m3/day (as of 1995).

Pollution control and wastewater management

The task of reviewing the history of air, water, and soil pollution in
the Kansai Metropolitan Region and the measures taken by local
governments to overcome it is enormous and beyond the scope of this
paper. However, it is important brie¯y to review the background to
the successful pollution countermeasures. One document (World
Bank and EX Corporation, 1995, Annex 1, p. 113) makes some im-
portant observations about the Osaka City experience:

1. Ground subsidence has been a critical problem in Osaka since the pre-
war period. The public and private sectors co-operatively implemented
subsidence prevention ordinances ahead of national measures and estab-
lished a system to implement countermeasures.

2. The City of Osaka used the approach of public and private co-operation.
The Osaka mayor prioritized removal of industrial pollution as the most
important policy in the city, and designed a strategy for pollution con-
trol based on available technology in co-operation with scientists and
researchers.

3. The City of Osaka systematised ®nancial support measures, such as the
``Osaka City Loan for the Installation of Anti-Pollution Equipment'' and
the ``Purchase System of the Site of Relocated Pollution Source Facili-
ties'' for small and medium-sized companies and gave them priority when
dispensing ®nancial assistance.

4. With respect to urban wastewater, the city set up guidelines for a basic
policy and implemented infrastructure beginning from the pre-war
period.
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It is interesting to note in this respect that the biochemical oxygen
demand (BOD) discharged into rivers in Osaka City in 1970 was
573 tons/day, of which about 60 per cent was industrial wastewater,
whereas in 1990 the BOD was 160 tons/day, of which less than 20 per
cent was industrial wastewater. The general process through which
the once serious pollution of air, water, and soil was approached did
not differ much among municipalities in the Kansai Region or, for

Fig. 3.5 Osaka City and Osaka Prefecture industrial water supply systems (Sources:
Osaka Municipal Water Works Bureau, n.d., p. 35; Osaka-fu, 1996, p. 111)

Osaka Prefecture Industrial Water Supply Area

Groundwater Withdrawal Prohibition Area

Osaka City Industrial Water Supply Area
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that matter, in other parts of Japan, although the measures taken to
deal with speci®c local issues differed signi®cantly.

Let us look at the development of municipal wastewater systems
in the Kansai Metropolitan Region. Osaka, Kyoto, and Kobe have
nearly complete service coverage within their jurisdictions, and each
metropolis has its own unique features that re¯ect speci®c local
requirements.

The most notable among the three is the wastewater system of
Osaka City. The sewerage service boasts nearly 100 per cent cover-
age within the city jurisdiction and the cheapest per capita sewer
charge in Japan. The current wastewater system developed over a
period of more than 100 years, not taking into account the remains
of the open sewer constructed in the sixteenth century together with
the famous Osaka Castle, part of which is still in use (with suitable
improvements). One of the primary reasons Osaka City has placed
great emphasis on developing the sewerage system is the fact that the
city had been ¯ooded frequently owing to its coastal lowland terrain.
The design of the sewerage system therefore had to place great em-
phasis on ¯ood control, resulting in the use of what is called ``the
combined sewer system.''

The combined sewer system allows not only raw sewage but also
rainwater to be collected and delivered to treatment plants, thus
requiring larger sewer pipes and plants. However, when there is
heavy rain, even the large wastewater treatment plants cannot cope.
The excess has to be drained to watercourses as ``over¯ows,'' causing
pollution of watercourses by the ef̄ uent from the sewerage treat-
ment plants themselves. Improvement of the existing combined sewer
system is the major problem facing the city (only 1.1 per cent of the
whole sewerage system is a separate system that allows stormwater
simply to be discharged without being mixed with raw sewage)
(Osaka Municipal Sewage Works Bureau, 1993).

As for the city of Kyoto, a feasibility study for the construction of a
sewerage system was ®rst initiated in 1894 but no serious construction
activity was undertaken until 1930 when it was integrated into public
works measures to counter unemployment. The project was not pur-
sued with much vigour owing to Japan's ®nancial state prior to the
war. It was only in 1934 that the ®rst wastewater treatment plant
came into operation, primarily to deal with heavy pollution of the
Kamo River. The Toba wastewater treatment plant, the third-largest
plant in Japan today, was brought into operation in 1936, and the city
gradually expanded its coverage. Overall service coverage has now
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reached 97 per cent. The sewerage system in Kyoto is characterized
by a combination of combined and separate sewers, meaning that
some 40 per cent of wastewater may have to be released into water-
courses after heavy storms. Four municipal wastewater treatment
plants cater to the city's needs, each giving speci®c consideration to
treating wastewater discharges from various industries, including
typical Kyoto industries such as textile dyeing and sake distillation.

The wastewater system in Kobe, whose systematic development
began in 1951, is very different from both the Osaka City and the
Kyoto City systems in that it is an almost totally separate system.
Nearly 1.2 million m3 of wastewater are treated by seven plants, four
of which are located on the shores of the Seto Inland Sea. The terrain
of the city consists of reclaimed coastal land, hillsides, and an upper
plateau region, which makes for separate and independent develop-
ment of individual systems. It is to be especially noted that serious
damage was caused to the sewer network as well as to the treatment
plants by the Hanshin-Awaji earthquake of 1995. The current major
concerns are rehabilitation of the damaged facilities, development of
technologies for the reconstruction and improvement of facilities to
withstand earthquakes of major magnitude, as well as justi®cation for
upgrading the current system to accommodate nutrient removal in
order to protect the Seto Inland Sea from further eutrophication.

The wastewater systems that serve areas other than the three city
jurisdictions are also of major concern as regards the protection of
the Yodo River and Osaka Bay. Many of the smaller municipalities
were unable to raise adequate ®nancial resources to develop their
own wastewater systems and have been brought together into re-
gional wastewater systems. There are some 20 regional wastewater
systems in Kansai Region at various stages of development. In the
case of Osaka Prefecture, 12 regional wastewater systems serve some
42 municipalities at various levels of coverage, ranging from nearly
100 per cent for 4 municipalities to less than 50 per cent for 17
municipalities (as of 1995). The average service coverage for the
whole of the prefecture is 63.7 per cent. In the case of Kyoto Prefec-
ture, two regional treatment plants are of direct signi®cance to the
protection of Yodo River water quality. The Rakusei wastewater
treatment plant was brought into operation in 1979 and the Rakunan
plant in 1986. The overall extent of service coverage was reported to
be 73.6 per cent in 1995.

The wastewater system to protect Lake Biwa is another important
subject (®g. 3.6). In Shiga Prefecture, household wastewater has been
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Fig. 3.6 Wastewater systems in Shiga Prefecture (Source: Shiga Prefecture)
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and still is a major polluter of the lake. It is treated by a variety of
sewerage systems. Although municipal sewerage systems, including
the regional systems, will eventually cover more or less the entire ¯at
part of the watershed, the current coverage is only 47 per cent of the
population (50 per cent of the population eventually to be served).
They are equipped with advanced treatment facilities to remove
nutrients in order to protect Lake Biwa from eutrophication.

There are also small-scale sewerage systems for agricultural com-
munities and a variety of on-site sewerage systems collectively called
``the Jokaso system''. Some are equipped with advanced treatment
capability. Together, they currently serve some 17 per cent of the
population. That leaves some 36 per cent of the population still not
served by conventional ¯ush toilet systems. Excreta collected from
these households are transported to 12 night-soil treatment systems,
which are all equipped to treat not only the organic content but also
nutrients.

The regional sewerage systems are to be gradually expanded to
integrate in their coverage many of the agricultural community sys-
tems and on-site facilities. By around 2010 these regional systems
together with a municipal system for the city of Otsu will serve nearly
90 per cent of the population. The remaining 10 per cent will still
have to be served by the agricultural community systems.

Water quality issues in the Kansai Metropolitan Region

Upstream±downstream relationships

The water quality pro®le of the Lake Biwa±Yodo River±Osaka Bay
system is quite complicated because there are many different kinds
of upstream±downstream relationships. The most obvious relation-
ship is between Lake Biwa, with extensive watershed development,
upstream and the great metropolitan region downstream. In the
upstream Lake Biwa watershed, infrastructure development through
the LBCDP has literally transformed water-use practices over recent
decades, in that the new infrastructure for water intake and trans-
mission has made the lake water much more attractive than river
water or groundwater because of its abundance, stability, and good
quality. Nearly 80 per cent of municipal and agricultural water sup-
plies now come from the lake and nearly all of it is returned to the
lake, either with treatment (mostly in the case of municipal supply) or
without treatment (mostly in the case of agricultural return ¯ow).
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There are other more localized upstream±downstream relation-
ships throughout the Lake Biwa±Yodo River system. For example,
there are many problematic relationships between upstream waste-
water ef¯uent discharge points and downstream water intake points,
particularly along the middle and lower stretches of the Yodo River.
Within the short stretch of 30 km or so between the Hirakata con¯u-
ence points of two major tributary rivers of Yodo River and the river
mouth at the Osaka Bay inlet, there is a concentration of discharge
and intake points (see ®g. 3.7). Upstream of some major water intake
points, there are treatment plants discharging wastewater, sometimes
in large quantities, as well as streams and channels discharging con-
taminated water from areas undergoing extensive urban development.
Obviously the water withdrawn for treatment must undergo an ex-
tensive puri®cation process before being distributed for consumption.

This upstream±downstream relationship may be examined in more
detail in terms of the institutional and political context in two cases,
the ®rst involving the Shiga Prefecture and downstream governments
as a whole, and the second involving Kyoto and Osaka.

In the ®rst case, the con¯ict is between downstream expectations
and the upstream mandate. To put it simply, the downstream local
governments require (as they may be entitled to because of their
®nancial contribution to the LBCDP) that the upstream Shiga Pre-
fecture should keep the lake water as clean as possible. The quality of
water the downstream users get is greatly dependent on the quality of
the Lake Biwa water. For the Shiga Prefecture, on the other hand,
keeping the lake water clean is more a mandate than an obligation,
since the lake was originally clean and for centuries the prefecture
has been fostering this great natural asset. The mandate, however,
does not mean that the prefecture can pay to maintain or restore the
quality of the lake water, which leads naturally to the thinking that
the ®nancial burden has to be shouldered by others as well, including
and especially the downstream users. However, it is dif®cult to decide
how clean is clean enough and who is to pay how much to get the
lake water to a desirable quality. The LBCDP expenditure on envi-
ronmental conservation has not ful®lled the mandate, in the sense
that the costs expended through the LBCDP arrangement, which
includes national and downstream government contributions, have
been far from realizing a clean lake.

The second case involves an interesting but dif®cult issue regarding
the Yodo River water quality between Kyoto, upstream, and Osaka,
downstream. For the Osaka water suppliers, it is crucial that the
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Fig. 3.7 Water supply intakes and wastewater ef¯uent discharge points along the Lake Biwa±Yodo River
watercourse (Note: not to scale. Source: based on ®gure in Osaka-fu Suido-bu Suishitu Shikenjyo, 1995, p. 4)
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quality of the Yodo River be kept reasonably high (at least to the
level of acceptable raw water quality, both technically and psycho-
logically). Otherwise, not only does the cost of treating water become
prohibitively expensive, but there is a strong psychological impact on
Osaka citizens if they think that their raw water is heavily con-
taminated by Kyoto wastewater. Osaka already expends great effort
to treat its raw water because the lake water and the water in the
tributary rivers to the Yodo River upstream of the Kyoto wastewater
discharges are already signi®cantly problematic. The lake water is
eutrophic and the river water is polluted by urban and agricultural
discharges further upstream. For Kyoto, on the other hand, it is im-
portant to keep the quality of ef̄ uent discharges free of residual
pollution over and above the level the downstream water users ®nd
acceptable, while keeping the cost of treatment reasonable. The
downstream water supply systems have been asking Kyoto City to
reduce its pollution impact further.4

Upgrading of wastewater management systems

The above discussion brings up the question both of the manage-
ability of pollution of receiving water bodies and of the treatability of
contaminated raw water for drinking. This subject involves several
complicated issues.

First, control of point source pollution in the upstream regions of
the Lake Biwa±Yodo River system is still inadequate, with some lag-
ging far behind the metropolitan districts of Kyoto, Osaka, and Kobe
cities. In the Lake Biwa watershed, for example, only 54 per cent of
the whole of the prefectural population is served by public sewerage
systems. The overall extent of coverage in municipalities in the Lake
Biwa±Yodo River watershed other than the three metropolises is
around 60±70 per cent. The rest of the population is served by sani-
tary systems with less complete removal of organic matter and
nutrients. In other words, the nature of the upstream±downstream
relationship is bound to be affected by progress in the provision in
future of sewerage services upstream.

Second, the control of non-point source pollution is becoming a
subject of greater concern year by year. Two types of non-point pol-
lution need close examination: the ®rst is of agricultural origin in the
Lake Biwa watershed; the second is of urban origin, particularly
along the Yodo River portion of the watershed.

Agricultural non-point pollution is of concern because of its large
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contribution of organic substances as measured in terms of chemical
oxygen demand (COD, 49 per cent), total nitrogen (TN, 56 per cent),
and pesticides. As the point sources of pollution become more and
more stringently controlled, the agricultural non-point share becomes
greater, though its control is still not technically or ®nancially feasi-
ble. The combined impact of eutrophication and toxicity on biota in
the estuary waters of the lake may further disturb the ecosystem, as
re¯ected in phytoplankton blooms and loss of biodiversity.

Non-point pollution from urban sources contains toxic organic
and inorganic substances mostly in the form of runoff from streets.
They are of increasing concern because of the combined risks to
health from long-term uptake through drinking water supplies. For
example, the concentration pro®le of organophosphoric acid triesters
in the Osaka metropolitan watercourses and along the Yodo River
(Fukushima et al., 1992; see ®g. 3.8) attests to the fact that the level of
contamination of urban streams along the Yamato River, for exam-
ple, is quite serious.5 This situation will be dif®cult to contain unless
the sewerage programme is closely linked with control of the use of
chemicals, street cleansing, traf®c and transportation planning, as well
as land-use control, all to prevent street runoff being discharged
directly into the receiving water bodies.

Fukushima and Yamaguchi (1992) also observed that the concen-
tration distribution of pesticides such as molinate, fenitrothion, and
isoprothiolane correctly re¯ects the kinds of activities the chemicals
are used for upstream of the survey points in the watershed system.
Thus, molinate is found mostly in the main watercourse of the Yodo
River itself because of its widespread use in the paddy ®elds in the
Lake Biwa watershed; fenitrothion is found in high concentrations in
suburban watercourses and not in the main Yodo River watercourse
because of its extensive use in horticulture and household pest con-
trol; and isoprothiolane is found both in the Yodo River system as
well as in urban streams because of its popularity as an insecticide
both for paddy pest control and for the protection of urban greenery
such as golf links, parks, and other recreational areas (®g. 3.9).

As already mentioned above, the Lake Biwa±Yodo River system
receives signi®cant amounts of wastewater ef̄ uent from large waste-
water treatment plants located along its watercourse. Although these
wastewater treatment plants either have been upgraded or are in
the process of being upgraded to produce ef̄ uent of higher quality
(to the extent of producing ef̄ uent of a quality close to that of
drinking water in some cases, as is the case with the Lake Biwa re-
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gional wastewater treatment plants), the overall situation is still far
from adequate and these ef̄ uents are still major sources of pollution
in the water system as a whole. There are also ongoing programmes
for upgrading facilities to treat combined sewer out¯ow at times of
severe storms by storing the initial out¯ow portion in temporary un-
derground storage facilities that will range in length up to several
kilometres and in diameter up to several metres.

Fig. 3.8 Concentrations of organophosphoric acid triesters in the Yodo River
(Source: Fukushima et al., 1992, p. 274, ®g. 2)
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Fig. 3.9 Distribution of agrochemical residues in the Lake Biwa±Yodo River water (Source: Fukushima and Yamaguchi, 1992)
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The water quality of Osaka Bay

The water quality of Osaka Bay throughout the post-war era until the
late 1970s was extremely poor. Unlike Lake Biwa, the Bay served no
purpose in terms of water supplies and the deterioration of water
quality had long been regarded as a necessary evil of the industrial-
ization of the Keihanshin Industrial Belt. The situation began to
improve as industrial discharges of noxious pollutants began to be
severely curtailed and sewerage services in the upland began to have
an effect in terms of reducing household waste load inputs to the Bay.

A brief review of the history of water quality management in the
Bay reveals that control of eutrophication of marine environments
became a major concern in national environmental programmes after
the ®rst sighting of a large-scale marine red tide in the early 1970s.
The Soryo Kisei, or total waste load control policy, has been adopted
for Seto Inland Sea since the Special Measures Act for the Environ-
mental Protection of Seto Inland Sea was promulgated in 1973. For
the Kansai Metropolitan Region as a whole, the control of eutrophi-
cation both of Osaka Bay and of Seto Inland Sea is of great concern.
The total waste load reduction policy requires that industries with a
daily waste load of more than 50 m3 discharging into the designated
receiving body of water systematically reduce their nutrient inputs.
For example, the concentration of nitrogen (N) and phosphorus (P)
in the wastewater discharged by such industries must be less than 120
mg/litre (the average daily concentration must be below 60 mg/litre)
and 16 mg/litre (8 mg/litre), respectively, to protect Seto Inland Sea
from further eutrophication.

The total waste load control policy requires not only industries but
also municipal waste treatment facilities to upgrade treatment plant
capability to further reduce the nutrient content in the plant ef̄ uent.
Because the eutrophic condition of the Bay has not improved much
since the institution of the programme, it is envisioned that greater
investments will be required for municipalities to upgrade their
nutrient removal capability in the next round of policy review. Based
on the Special Measures Act of 1973, the relevant prefectural gov-
ernments must develop a plan and revise it every ®ve years. The ®rst
such plan was developed in 1978 and, in general, they have to resort
to multiple regulatory programmes and facility construction pro-
grammes to pursue the required waste load reduction. For example,
the Hyogo prefectural government revised its plan in 1993 (Hyogo-
ken, 1996) in such a way that the plan would be compatible with the
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implementation schedules stipulated in other programmes such as
those for sewerage construction and for total waste load reduction
plans.

As for the pollution pro®le with regard to synthetic chemicals, the
distribution and concentration levels found indicate that the situation
in Osaka Bay is signi®cantly affected by the upstream Yodo River as
well (Fukushima, 1996).

Control of Lake Biwa eutrophication

The ®rst serious sign of a deterioration in Lake Biwa water quality
came suddenly, in the form of a large-scale red tide along the eastern
coastline of the northern basin in early 1977. The sighting of this
phytoplankton, Uroglena Americana, was quite a shock as the north-
ern basin had been, up till then, believed to be nearly pristine. The
red tide has since been sighted almost every year. Prompted by the
red-tide incident, the Shiga Prefecture enacted the Eutrophication
Control Ordinance of 1980 to ban the use and sale of phosphorus-
containing synthetic detergents. A wide array of control measures has
been introduced over the decades for improving Lake Biwa water
quality. Already by the mid-1970s it was becoming dif®cult for large-
scale industries to get away with discharging polluting wastewater
into watercourses leading to the lake, thanks to the Water Pollution
Control Law of 1970, which had stringent punitive provisions. With
the enactment of the Eutrophication Control Act of 1980, the regu-
latory provisions for industries became even more precise and strin-
gent, with additional controls on nutrient discharges. Wastewater
from smaller-scale industries has been progressively brought under
control, although very small industries (whose discharges are insig-
ni®cant in comparison with total industrial discharges) are yet to be
regulated fully. Despite all the environmental programmes, typical
water quality indices, such as COD, total phosphorus (TP), and total
nitrogen (TN), reveal that the improvement in lake water quality has
not been very impressive; indeed, ®gure 3.10 shows a worsening trend
in COD in recent years.

What about trends in water quality over the much longer term?
Water transparency at speci®ed sites and bottom dissolved oxygen in
the northern lake are two indicators of longer-term trends that hap-
pen to be available. They show that Lake Biwa water quality had
slowly been deteriorating even before the red-tide incident of 1977.
In addition, there are other more subtle indicators of what is taking
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Fig. 3.10 Trends in Lake Biwa water quality: TP and COD, 1979±1996 (Source:
Shiga-ken, 1997)
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place in the lake ecosystem. For example, ®gure 3.11 shows that there
is a worrying change in the dominant species of nuisance-causing
phytoplankton in the lake. Putting all the indicators together, it can
be noted that the deteriorating trend was accelerating up until the
mid-1980s and, although the rate has since slowed down, the trend
itself has not been reversed yet.

Are there good prospects of reducing polluting inputs into the
lake? The regulation of polluting industries and the provision of sew-
erage to households and commercial establishments are the two main
point source management strategies. Time (how soon?) and the mo-
bilization of ®nancial resources (how much?) are the basic consid-
erations affecting progress now that the special budgetary provisions
for environmental projects in the LBCDP have been terminated.6

Concern about the control of waste load discharge has been grad-
ually shifting in the past decade or so from point sources of pollution
to non-point sources of pollution. The four major sources of non-
point pollution are: (1) rainwater, (2) forest and ®eld runoffs, (3)
paddy runoff, and (4) urban runoff. Not only will the development of
a comprehensive non-point source control system be expensive, but it
will also require legal and institutional measures yet to be elaborated.
This is particularly so with wet weather non-point sources of pollu-
tion, or stormwater runoff into the lake. Moreover, ®nancial re-
sources are likely to be tied up in point source control for some time.

Elaboration of control programmes for non-point pollution from
both urban and agricultural sources has just begun. Paddy ®eld runoff
under dry weather conditions may be managed very effectively by a
combination of structural and non-structural means. The current
trend in policy is to regard individual paddy ®elds as point sources
rather than non-point sources under dry weather conditions. Proper
management of irrigation water and a reduction in the wasteful use
of fertilizers and pesticides are the keys to successful control of dry
weather runoffs. The promotion of agricultural best management
practice and technological developments for the more ef®cient use of
resources will also be necessary.

Summary and emerging issues

Summary

As described above, the development of the water supply, waste-
water management, and the aquatic ecosystem environment in the
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Fig. 3.11 Trends in algal bloom incidents in Lake Biwa, 1977±1996 (Source: Shiga-
ken, 1997)
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Kansai Metropolitan Region has been very much affected by, and
had a great deal of impact on, the shaping of the Lake Biwa±Yodo
River±Osaka Bay water system. In the process, many different phys-
ical systems and managerial approaches have evolved in the region,
both in the metropolitan districts of Kyoto, Osaka, and Kobe and in
the suburban municipalities outside the metropolitan districts and the
urban, semi-urban, and rural areas within the watershed of Lake
Biwa. The overall situation is that the problems they face are all quite
different, and the need to invest in the development of wastewater-
related infrastructure will continue for these areas. Speci®cally, fur-
ther increases in sewerage coverage are vital for Shiga Prefecture not
only because of the need for greater curtailment of Lake Biwa
eutrophication but also because of the need to upgrade basic envi-
ronmental infrastructure provisions for the rapidly urbanizing Lake
Biwa watershed.

Emerging issues

Additional issues of importance may be broadly categorized into:
sustainable water use, integrated watershed management, and the
attainment of a sound ecosystem. Some elaboration may be useful on
these points.

Sustainable water use
The underlying major objective of Lake Biwa±Yodo River manage-
ment in recent decades, with particular reference to meeting the
growing water needs of the Kansai Metropolitan Region, has always
been to achieve sustainable water use. In a narrow sense, this seems
to have been the mandate of the individual municipal and prefectural
governments engaged in water and wastewater management schemes
in this region. The major hurdle to achieving sustainable water use,
or having access to enough water, has been overcome in principle
through the completion of the LBCDP, except that it pertains only to
sustainable water quantity, not quality.

As far as the downstream municipalities are concerned, the sus-
tainable use of Lake Biwa water that meets the quality requirements
for their water supplies has a lot to do with the cost of water puri®-
cation. For example, the City of Osaka has been and will be prepared
to pay for the advanced treatment of its drinking water from the
Yodo River, but it would not be prepared to pay to improve (mar-
ginally at best) the quality of Lake Biwa water as a whole, because it
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would simply not be cost effective. The discussion on the sustainable
use of water in respect to both quantity and quality therefore has to
be pursued on the basis of a much broader de®nition of sustainability,
which brings us to integrated watershed management.

Integrated watershed management
The management of water quantity in the Lake Biwa±Yodo River
system has been integrated in the sense that water rights for extrac-
tion from the system have been strictly regulated, under the jurisdic-
tion of the Ministry of Construction. The LBCDP was conceived to
generate additional water at times of predicted water shortage so as
to be able to augment the limited water rights. With the completion
of the LBCDP, together with the integrated system of reservoir reg-
ulation within the watershed, the integrated management of water
quantity has been further improved. Unfortunately, the integrated
management of water quality has not been fully addressed in the
Lake Biwa±Yodo River±Osaka Bay water system.

The management of water quality within a system as extensive and
sophisticated as the Lake Biwa±Yodo River±Osaka Bay water system
may be pursued in many different ways and at very different levels of
integration. The least onerous system for the individual municipal-
ities would be to pursue their own water quality programmes inde-
pendently while keeping track of trends in the overall quality of the
Yodo River as a whole, with reference to the established ambient
water quality standards. This is the level of integration that the Lake
Biwa±Yodo River±Osaka Bay water system has currently reached,
and it is working fairly well in that water quality has been improving
steadily in terms of conventional point-source quality parameters, i.e.
meeting ef̄ uent discharge and ambient water quality standards. The
problem is that this level of integration will not be adequate to ad-
dress issues of growing concern such as human and ecosystem risks
involving, for example, non-point sources of pollution and the deg-
radation of ecosystem integrity. An integrated and basin-wide strat-
egy needs to be developed and followed by all the members of the
water system in a much more coordinated way. Provision for such a
system has so far been quite limited.

Currently, three associations deal with issues of common interest
to those concerned with Lake Biwa and Yodo River management.
The Yodo River Water Pollution Control Consultative Association
(Yodogawa Suishitu Odakuboushi Renraku Kyougikai) was formed
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in 1958 with the aim of enhancing water quality conservation, sewer-
age planning, and water quality monitoring. The association, which
now has 25 members, has also established an emergency communi-
cation system in the event of accidents affecting water quality of the
supply sources.

The Yodo River Water Quality Consultative Association (Yodo-
gawa Suishitu Kyogikai) was formed in 1965 by the major water
supply systems withdrawing raw water from the Yodo River. The
association undertakes activities such as monitoring and research on
the quality of supply sources, petitioning the national government,
the upstream governments (prefectural and municipal governments
in Kyoto and Shiga), and other agencies on matters related to up-
stream±downstream issues, consultation on the siting of the discharge
outlets of pollution control facilities upstream of water intake points,
strengthening of the emergency system in the event of raw water
contamination, and promoting water pollution control.

The Lake Biwa±Yodo River Water Quality Conservation Organi-
zation (Biwako Yodogawa Suishituhozen Kikou) was established in
1993 to enable local governments to collaborate on engineering res-
toration measures to improve the water quality of Lake Biwa and the
Yodo River. Activities undertaken by the organization include re-
search and development on suitable water quality management tech-
nology, the promotion of water quality improvement projects, the
collection, compilation, and processing of water quality data and in-
formation, and the promotion of public involvement in the beauti®ca-
tion and amenity enhancement of rivers and streams (Mizutani, 1993).

Unlike water authorities, these associations can achieve little in
terms of the development of a policy that encompasses the multiple
government jurisdictions. There is emerging interest in creating a
body with the mandate and resources to pursue integrated policies
and programmes for the better management of the Lake Biwa±Yodo
River environment, but there appears to be a lack of political com-
mitment to pursuing the development of such an institution. The
reality is that the current system of management of the Lake Biwa±
Yodo River water system has resolved the water quantity issue but
water quality concerns vary widely among the local governments.
More rigorous study is needed to clarify what is meant by the inte-
gration of watershed management policy and the ef®cient manage-
ment of water quality with respect to this unique lake±river±bay
water system.
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The attainment of a sound ecosystem
The LBCDP has not changed the basic physical structure and capa-
bilities of the water management systems either of Osaka, Kyoto, and
Kobe cities or of the surrounding municipalities. This is because it
involved physical works pertaining basically to facilities related to
Lake Biwa and not to downstream facilities, not to mention that it
was basically a water quantity project, though signi®cant investments
related to water quality have been made for Lake Biwa and its
watershed. On the other hand, in the course of the 25-year period of
the LBCDP, the issues of lake water quality and ecosystem integrity
have come to the fore and become the crucial concerns, particularly
for Shiga Prefecture.

The management of Lake Biwa water quality is about to enter a
new phase. This phase will involve increased point and non-point
source control measures aiming to reduce waste loads further, and
the introduction of control measures to achieve a greater degree of
integrity of the lake ecosystem, accompanied by improved lake water
quality in terms of parameters other than COD, TP, and TN. Emerg-
ing features of the new phase include: (1) rezoning to increase pro-
tected watersheds, (2) the restoration of ecotones (the transitional
zone between littoral and aquatic environments), including the once
reclaimed attached (or adjoining) lakes, and (3) the integrated man-
agement of priority watersheds.

Rezoning to increase protected watersheds will probably involve a
lengthy political process. The major issue will be devising suitable
economic incentives such as compensatory payments to existing land
owners, since almost all watershed land is privately owned and pro-
ductive. As for ecotone restoration, there will have to be close col-
laboration between the agricultural and urban sectors with respect
to infrastructure development or redevelopment involving coastal
regions of the lake and numerous watercourses. The key to inte-
grated management of priority watersheds is to allow greater col-
laboration between different sectors of government (such as ¯ood
control, irrigation, and sewer systems) in the management of both
water quantity and quality, which have hitherto been independently
pursued.

Concluding remarks

Although nobody disputes the need to make the transition from an
era of water resource development to a new era in which the achieve-
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ment of ecosystem integrity is the primary objective, this transition
demands some fundamental changes in thinking as well as in the
approach of long-range government planning. In the days of planning
for infrastructure development, whether for water resource develop-
ment or for improvement in basic public needs such as sewerage, the
approach was to set clear quantitative targets, usually on the basis of
a political decision, and then mobilize the necessary resources to re-
alize those targets. When assessing the achievement of the targets,
the issue was how far behind implementation had been for reasons of
a lack of resource mobilization or of capability. Now that the objec-
tive is to attain ecosystem integrity, the approach to planning will
have to be entirely different. Not only are the targets unclear and
dif®cult to describe quantitatively, the process leading to achievement
of the goal will be an evolving one. In other words, determining how
sound is sound enough for the ecosystem under consideration must
take into account the values of the public, and these values will have
to be continually reassessed.

Notes

1. Kansai Metropolitan Region includes the Shiga (the Lake Biwa area) and Kyoto
Prefectures to the north-east of Osaka, the Hyogo Prefecture to the west, and
the Nara and Wakayama Prefectures in the central and western parts of the Kii
Peninsula south of Osaka. The Lake Biwa±Yodo River system does not provide
water to the Nara and Wakayama Prefectures, though the area of its coverage is
almost synonymously regarded as the Kansai Region.

2. Two canals connecting to Kyoto City and an intake channel (located immediately
downstream of the lake off Seta River) to Uji hydropower dam site are additional
water outlets from Lake Biwa.

3. The lowland area along the coast of Osaka Bay was a vast wetland before the land
was drained some centuries ago.

4. An integrated system of water quality management would be the ideal. However,
it is generally impractical to coordinate the management of water and/or waste-
water systems that have evolved independently against different institutional and
political backgrounds, as in the case of the Yodo River. The interaction between
downstream water supply systems and the Kyoto treatment plant at Toba is an
interesting example of the coordinated operation of water and wastewater sys-
tems in the Yodo River. The Toba plant was able to reduce the concentration of
ammonium nitrogen during winter months beyond the regulatory standard at the
request of the downstream water supply agencies. These were suffering from the
need to increase the chlorine dosage at their water treatment plants, which results
in the enhanced concentration of tri-halomethanes or carcinogenic agents.

5. Organophosphoric acid triesters such as trialkyl and triaryl esters of phosphoric
acid are used as ¯ame retardants, plasticizers, hydraulic ¯uids, and lubricant

Kansai Metropolitan Region

81



additives. Total production seems to have increased remarkably since the 1980s,
and was estimated to be about 15,000 tons in 1985. The main concern as regards
environmental pollution originates from the structural similarity to many organo-
phosphorus pesticides. In the absence of any sound data on the relationship be-
tween structure and toxicity, it may be safe to speculate that the environmental
behaviour and the effects of these compounds are similar (Fukushima et al., 1992).

6. Though the LBCDP did not include lake water quality as a primary ingredient in
the original plan, a signi®cant amount of investment was budgeted to undertake
environmental component projects when the LBCDP was extended for 10 years
in 1982.
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4

Water management in
mega-cities in India: Mumbai,
Delhi, Calcutta, and Chennai

Rajendra Sagane

Introduction

Addressing infrastructural de®ciencies in Indian mega-cities is a
daunting task and large and metropolitan cities present a dismal pic-
ture today. The de®ciencies will become even more pressing with
continuing growth in future. The constraints inherent in the present
scenario include insuf®cient water resources, an inadequate organi-
zational set-up, a lack of funding resources, and inadequate manage-
ment and technical skills. Another disturbing factor is the lack of
political support from government to take timely action to solve the
problems.

India's mega-cities are the generators of national wealth. Urban
India contributes more than 50 per cent of the country's GDP while
containing only 27 per cent of its total population. India's large
towns, however, suffer from several problems that accompany eco-
nomic development, namely high population densities, unplanned
settlements, slums, traf®c pollution, environmental decay, mounting
poverty, unemployment, and social tensions and unrest. Conse-
quently, the urban environment (land, water, and air) is deteriorating
in many towns.
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The urban scenario in India

India had a population of 658 million in 1981 and 844 million in 1991,
and projections for 2001 and 2025 are 1,000 and 1,500 million, re-
spectively. According to the 1991 census, there are 3,768 urban
agglomerations or towns with a total population of some 217 million,
which is about 25.75 per cent of the country's total population of 844
million. There are 23 metropolitan towns with a population of over
1 million each, compared with 12 in 1981. These 23 cities account for
roughly one-third of the country's urban population and one-twelfth
of the total population of the country. Though urbanization contrib-
utes to the growth process, by and large this positive aspect is often
overshadowed by a deterioration in the physical and environmental
quality of life in urban areas on account of the wide gap between
demand for and supply of essential services and infrastructure.

Indian mega-cities

Population trends

Based on population, six Indian cities fall into the category of mega-
cities: Mumbai, Calcutta, Delhi, Chennai, Hyderabad, and Bangalore
(®g. 4.1).1 One-®fth of India's total population lives in these six cities.
The population in these cities saw an increase of 33 million during the
four decades from 1951 to 1991 (an average of 8.2 million per dec-
ade) and it is anticipated that future growth from 1991 to 2001 will be
18.4 million. However, the population of these six mega-cities as a
percentage of the total population of India has remained more or less
constant: in 1951 it was 20.1 per cent; in 1991 it was 21 per cent; and
in 2001 it is projected to be 21.53 per cent.

The slum population in India is 6 per cent of the total population.
Most of the increase in urban population is accommodated in slums.
Mumbai and Calcutta have 40 per cent slum population, Delhi has
35 per cent, and Chennai 30 per cent. The average slum population in
the mega-cities is 35 per cent. Slum population plays an important
role in planning, because slums put a great strain on the general
economics of maintenance of schemes.

Preferential treatment of mega-cities

The mega-cities enjoy de®nite advantages over other towns owing
to their political, industrial, and commercial importance. This has
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resulted in a great concentration of population there. Because of
government's sensitivity towards the issues of mega-cities, these cities
receive better attention from government and schemes of large mag-
nitude and cost are approved more quickly, receiving priority in bud-
getary allocations.

Fig. 4.1 India's mega-cities (Note: not to scale)
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Pursuant to recommendations by the National Commission of
Urbanization, a centrally sponsored scheme for infrastructural de-
velopment in mega-cities was introduced during 1993/94. The scheme
covers Mumbai, Calcutta, Chennai, Bangalore, and Hyderabad, all of
which had populations of more than 4 million in 1991. The state
government and central government each take responsibility for
25 per cent of funding. The balance is raised through public ®nance
institutions or the capital market. The Housing and Urban Develop-
ment Corporation (HUDCO) has generally agreed to meet this
component.

Problems of water supply in the four Indian mega-cities

Table 4.1 details the population and water supply in the four Indian
mega-cities. There are several major problems common to all the
cities.

Inaccurate population projections

Populations projected at the design stage are reached much earlier
than anticipated. This necessitates immediate augmentation of water
sources as well as the distribution networks. Hence, when framing
any new scheme, stress has to be laid on population studies.

Rising population

Owing to the better availability of employment, education facilities,
trade and commercial opportunities, etc. in the mega-cities, there is
continuous migration of people from rural areas and smaller towns.
Most of this in¯ux results in the development of slums.

Rising demand for water

Owing to rising standards of living, changes in life style, and an
increasing ability to pay, there is an increase in the consumption of
water.

Inadequate distribution networks

Both rising population and rising demand lead to an inequitable dis-
tribution of water and pressures on an already inadequate system.
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Table 4.1 Water supply in the four mega-cities of India, 1997

Population (million) Major sources (%)

City 1991 1997 2021a

Slum
population
(%)

Water supply
available (million
litres/day)

Average per
capita supply
(litres/day)

Unaccounted
for water
(%) Surface Ground

Mumbai
(Bombay)

9.90 11.00 16.00 40 2,600 236 40 100 ±

Delhi 8.42 11.00 28.20 35 2,700 245 25 87 13
Calcutta 8.10 11.86 26.25 40 1,400 120 30 90 10
Chennai

(Madras)
5.36 5.42 13.90 30 350 65 30 75 25

a. Projected increase of 4% per year.
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The ever-growing number of new settlements puts excessive strain on
the existing feeder mains, which are not designed for the increased
density of population. Another serious problem is the reduction in
carrying capacity of pipes owing to encrustation and damage with
age.

Quality problems

Public water supply authorities are so busy trying to meet the quan-
tity needs of urban people that the quality aspect is often given less
attention than is warranted. Causes of poor-quality water include in-
termittent supply, which leads to back syphonage, low pressure, mal-
functioning meters, lack of action on leak detection and repairs, poor
supervision of the condition of pipes, and inadequate monitoring of
residual disinfectant, which is a tracer of contamination.

Unaccounted for water

Unaccounted for water is very high in almost every city in India. The
®gures for the four mega-cities are as follows: Mumbai, 40 per cent;
Delhi, 25 per cent; Calcutta, 30 per cent; Chennai, 30 per cent.

Local municipal bodies should lay maximum stress on water man-
agement, conservation, and the prevention, detection, and repair of
leaks. Even if just visible leakages were stopped, the available supply
would increase considerably, as would revenues. The conservation of
water is an important part of supply management. To achieve this, a
public awareness campaign, the participation of non-governmental
organizations, and the training of women and children are essential.

Water supply in Mumbai

Mumbai, India's commercial capital, is the largest populated met-
ropolis in the country and is one of the 10 largest mega-cities of the
world. Its population is in excess of 11 million, and is forecast to
reach 16 million by the year 2021.

Water sources

Mumbai's water supply is managed by the Municipal Corporation of
Greater Mumbai (see ®g. 4.2). Between 1860 and 1972, six sources
were developed and these still supply water from rivers as well as
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dams and lakes. Between 1981 and 1997, three more schemes, each
with a capacity of 455 million litres a day (mld), were commissioned
with World Bank assistance (under Bombay Water Supply and Sew-
erage Integrated Project I, II, and III). A fourth project for immedi-
ate implementation (Project III-A) has been put forward to the
World Bank for assistance.

20 km

Fig. 4.2 Greater Mumbai's water sources
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Present water demand is of the order of 3,530 mld, whereas supply
is about 2,915 mld. The supply is unlikely to cope with demand even
by the end of the ®rst decade of the twenty-®rst century.

Of the supply, 80 per cent is for domestic use and 20 per cent
is non-domestic. However, for revenue receipts the ®gures are
reversed, i.e. 80 per cent of the revenue comes from non-domestic
users and 20 per cent from domestic users.

The average minimum per capita supply in Mumbai varies as fol-
lows: in slums (from standpipes), 45 litres; in chawls (¯ats with shared
toilet facilities), 90 litres; in ¯ats and new buildings, 135 litres; in posh
areas and ®ve-star hotels, over 200 litres.

In addition to the piped water supply, there is a small amount of
borewell water (1 per cent of the total supply). A subsidy is given by
the Municipal Corporation for constructing borewells. Supply in
Mumbai is intermittent ± up to four hours a day.

Problems in water management

Both the drainage system in Mumbai and also the entire old water
distribution network are in bad condition. Consequently, every source
of leakage is a source of contamination. In order to conserve water
and also to check contamination, leak-proo®ng of cracks and joints
is being done. It is planned to line 350 km of pipes with mortar by
2002, of which about 40 km has been completed by working during
non-supply hours. Some of the old pipes have developed encrustation
and weed growth, and some are even blocked by stones, which has
reduced the pressure and the supply. The casting of very old pipes is
good, but new pipes deteriorate fast. As a result, the working pres-
sure falls as low as 1.5 m of water head even though the designed
pressure at the tail end is 10 psi (7 m). It is proposed to replace
130 km of pipeline in the near future.

There are maintenance problems too, for example in repairing
leaks, due to the proximity of telephone and power cables, laid in
the same trenches as the old pipelines. Moreover, the old concrete
roads are not provided with ducts, so breaks or leaks under such
roads necessitate the breaking up of the road, leading to long repair
times. Congestion in side roads makes the diversion of feeder mains
impossible.

Old two-storey houses are being reconstructed into multi-storey
apartment buildings, causing an almost three-fold increase in demand.
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Housing in the largest slum in Asia, Dharavi in Mumbai, is improv-
ing, thus creating increased demand.

Raw water is brought from neighbouring districts, whose residents
expect water from these mains, and work on new pipelines has often
been stopped by them, resulting in delays in completing augmenta-
tion schemes.

Suggestions to improve the situation

Supply management
Mumbai has had better availability of water compared with other
cities. However, development of Mumbai's water supply is mostly
demand driven and no efforts have been made to manage demand as
such. Since future sources are going to be much more costly, proper
management of the system to satisfy demand is essential.

Although groundwater potential is only 3 per cent of expected de-
mand in the year 2021, it has to be harnessed and used for non-
domestic purposes. In addition, other sources need to be found to
supplement the available supply.

Alternative sources

Reuse and recycling of wastewater. The reuse of wastewater was
started in 1960 in textile mills and there is still vast scope for it in in-
dustry. Industrial water demand in Mumbai is not likely to increase
substantially (present consumption is 205 mld and by 2021 it would
be 700 mld). Even so, a 15 per cent reduction in freshwater intake by
industries would mean a reduction in demand of 100 mld by 2021.

Reuse of domestic sewage after proper treatment. There is great
scope for using treated sewage as non-potable water for ¯ushing
toilets, car washing, ®re-®ghting, cooling in commercial buildings,
gardening irrigation, and the cleaning of railway wagons. In order to
promote such practices, some incentives could be introduced. An
appropriate target for the production of such non-potable water
would be 2 per cent of supply in 2021.

Seawater desalination. Large seawater desalination plants have not
so far been constructed in India. It is an expensive process, in terms
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of both capital as well as operating and maintenance (O&M) expen-
diture (costing Rs. 25±30 per m3). However, medium-sized reverse
osmosis plants, treating brackish water, are in operation.

There is scope for desalination in Mumbai along the sea coast, in
isolated and high-value establishments such as hotels, defence estab-
lishments, oil re®neries, fertilizer factories, and atomic energy estab-
lishments. By 2021, 4 per cent of total demand in Mumbai would be
of this scattered type. Large industries could adopt this method and
save potable water. Hence, more detailed technical and ®nancial
analysis of potential desalination methods will have to be undertaken
to provide proper guidance for possible installation in the near future.

According to a recent study, a desalination plant with a power
house producing 1 million gallons per day would cost Rs. 200 million.
The cost of the desalinated water would be Rs. 45/m3, against the
present rate for potable water of Rs. 32/m3; this increase should be
acceptable in a time of need and also as a social obligation.

Arti®cial rain making
Several ``warm cloud seeding'' experiments have been tried but the
technique is still in the research stage.

Evaporation control
Although evaporation control in reservoirs using evaporation retard-
ant chemicals has been tried in the past, further studies are needed,
because wave action is a major obstacle to this method. The integrated
operation of reservoirs to reduce the total exposed water surface area
by depleting the reservoirs with a large exposed water area ®rst would
be very bene®cial in arresting evaporation. This is important in view
of the fact that there will be 10 reservoirs serving as sources by 2021.

Leak detection
The prevention of leaks would save 25 per cent of the water pro-
duced and also avoid contamination of water. Hence, a reduction by
at least 15 per cent should be the target. The optimal methods for
achieving this need to be studied.

Recycling of wastewater from water treatment plants
The wastewater from settling tanks and backwashing ®lters needs to
be recycled and returned to the system. This would add 2 per cent to
the supply. Not all plants have this facility.
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All these conservation methods are likely to save about 1,046 million
litres of water, which would reduce the cost of future schemes by
40 per cent.

Demand management

Sources are earmarked up to 2021, but by the middle of the twenty-
®rst century, if demand continues to grow at the same rate, it will be
dif®cult to ®nd sources other than seawater. Hence it is not prudent
to plan water supply schemes on the basis of exponential growth.
Rather, demand should be controlled through special deconcentra-
tion measures. This is essential in view of the increasing cost of
additional supplies, the dif®culty of repairing and replacing existing
systems, and a shortage of land for additional components. The gov-
ernment has already started moving in this direction by shifting
growth from Mumbai to Navi Mumbai.

Financial management for a self-supporting system

The rate for the domestic water supply in Mumbai is the lowest in
India. Until recently, it was Rs. 0.60/m3, compared with a production
cost of Rs. 2.75/m3 (the average cost of production of water in India
is Rs. 6.40/m3). Domestic water is highly subsidized by the high rates
for the non-domestic and commercial water supply ± 80 per cent of
revenue comes from the 20 per cent of non-domestic and commercial
supply. However, the calculations for deriving this rate were not
realistic because they included only the O&M costs as expenditure,
without accounting for debt servicing charges, etc.

Owing to rising costs, the actual marginal cost of water in real
®nancial terms will be much higher for future schemes; subsequent
tariff adjustments should therefore be based on the principle of mar-
ginal cost. A proper study and framing of tariffs is therefore required
such that the revenue generated leaves a surplus for future capital
works.

The current tariffs
Mumbai municipal corporation has recently raised water rates sub-
stantially for the ®rst time; this has automatically increased the sew-
erage cess, which is 50 per cent of the water bill. The increase in
revenue is to be utilized for undertaking O&M works more rigor-
ously and for capital expenditure for future schemes.
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The new domestic rate is also differential, as follows: Rs. 1.00/m3

for houses in slums; Rs. 1.50/m3 in old chawls; Rs. 2.00/m3 in private
housing associations; Rs. 2.75/m3 for multi-storey ¯ats and bungalows.

Collection of water charges
The recovery of water charges has been highly inef®cient. There are
arrears of about Rs. 2,500 million. The defaulters are mainly state
government of®ces and central government establishments. The gov-
ernment therefore needs to give directives to its departments to pay
both their arrears and also their current bills promptly.

Automation

In the past, O&M has always been labour intensive. It is only now
that the municipal corporation is thinking in the direction of auto-
mation of instrumentation and has invited tenders for instruments to
measure ¯ow and pressure in pipelines, chlorine sensors, etc.

Planning for the future

Table 4.2 shows the dams that are planned for the future. By 2021,
however, supply will outstrip demand. It is likely that seawater desali-
nation, saving through conservation, and using alternative sources will
be the only way to augment water supplies to meet future demand.

Water supply in Delhi

Delhi, being the capital of India, is an important city. The capital was
shifted here from Calcutta in 1912. The city has grown very fast since
independence, and is still expanding. The in¯ux of population from

Table 4.2 Proposed dams to augment Mumbai's water supply

Daily supply (mld) Year

Vaitarna Basin

Middle Vaitarna 477 2003
Gargai 455 2009
Pinjal 865 2021

Ulhas River Basin

Kalu 595 2007
Shai 1,067 2013
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adjoining areas and states continues. Delhi has the highest population
density amongst Indian cities (12,953/km2 in 1991). In 1941, the pop-
ulation was less than 1 million, today it is 11 million. The growth of
population during the decade 1941 to 1951 was 106 per cent and since
then it has averaged 56 per cent per decade. Per capita water supply
varies widely from low in slums to very high in high-class areas of
New Delhi. The Delhi Water Supply and Sewage Disposal Under-
taking is in charge of water supply and sewage disposal in Delhi, New
Delhi, the cantonment, and the villages.

The present water supply system, peculiarities of the system, man-
agement problems, and planning for future are brie¯y described
below.

Water sources

Surface water
Although Delhi is situated on the banks of the River Yamuna, it
enjoys no riparian rights. The entire ¯ow of the river is impounded
250 km upstream of the Vazirabad water treatment plant for diver-
sion to Hariyana and Uttar Pradesh states. Delhi is thus dependent
on neighbouring states for surface water. Its water comes from four
sources (see ®g. 4.3):
(a) From December to June water is indented from the Bhakra Bias

Management System for the Haiderpur Water Treatment Plant,
through the Western Yamuna Canal.

(b) Water is released 80 km upstream on the River Yamuna for the
Vazirabad Water Treatment Plant.

(c) Surface ¯ow during the rainy season and regenerated water are
available from the River Yamuna for Chandrawal Water Works I
and II.

(d) Ganga water for the Bhagirathi plant at Shahadara is supplied
from the Tehri dam storage through the Upper Ganga Canal,
24 km upstream of the treatment plant site, and conveyed to the
treatment plant through 2,800 mm diameter reinforced cement
concrete conduits.

Groundwater
Hydrogeologically, Delhi has limited groundwater of the required
quality and there is a widespread chemical quality problem (in par-
ticular, a high ¯uoride content results in the incurable disease of
skeleton ¯uorosis).
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Although raw surface water supplies are comparatively uncertain,
the availability of drinking water in Delhi is much better than in
any other mega-city (in spite of the fact that water consumption for
commercial and industrial uses has increased):

Chandrawal Water Works I

Chandrawal Water Works II

Fig. 4.3 Delhi's water sources (Note: not to scale)
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(a) the hours of supply are longer;
(b) per capita availability is greater, having increased from 190 litres

per day in 1971 to about 245 litres per day today;
(c) the unit production cost is low and the average domestic tariff is

also quite low (Rs. 0.35±0.70/m3); in addition, almost 900 mld are
supplied free. Domestic water is subsidized by high non-domestic
and commercial rates (Rs. 3±5/m3). Operation and maintenance
costs none the less exceed revenue.

In addition to the piped water supply, water is obtained from vari-
ous other sources such as tubewells, deep bore handpumps, ranney
wells (radial wells sunk in the bed of a river), and supply by tanker,
where needed.

The water supply system in Delhi is very large. There are nearly
12,000 km of pumping, peripheral, and distribution mains and 384
booster pumping stations. The number of water connections is 1.2
million. Water is supplied to nearly 90 per cent of the population,
covering 567 unauthorized and regularized settlements, 1,080 squat-
ter settlements, 44 resettlement colonies, 413 Harijan bastis (clusters
of small houses), 222 rural villages, and 226 urban villages. The
length of distribution mains increased from 3,742 to 7,400 km be-
tween 1985 and 1996. The strength of staff on operation and mainte-
nance is approximately 11,000.

Problems in water management

All water treatment plants in Delhi are on one side of the city
whereas consumption is on the other side. This results in uneven
pressure in the distribution system at tail ends. Underground tanks
and booster pumping stations have thus been constructed. The aim is
not to supply water throughout the day but to achieve an adequate
supply during peak hours. During breakdowns in the system, ®lling
points for supply by tankers are essential to restore the water supply
until repairs are completed.

Water pollution is a higher priority because there are epidemics of
waterborne diseases every year. Steps have been taken to prevent
pollution of the River Yamuna by diverting polluting streams to
downstream of intake points. However, the river downstream is still
getting polluted from the discharge of sullage through Nallas and
other outlets, and industrial pollution still exists upstream of intakes.
Groundwater is also polluted and contains ¯uorides. When tubewells
were constructed they were not tested for quality. Hence, they are no
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use for domestic purposes and residents have been made aware of
this.

The condition of old pipes is bad and, because water and sewage
pipes are close together, there is cross-contamination. To remedy
this, broken pipelines in the distribution system are being replaced in
a phased manner. There is, however, an effective surveillance system
to test the quality of water at all points, from the raw water stage to
the consumer. Nearly 450,000 service connections require replace-
ment and about 71,000 connections were replaced in 1996. Consum-
ers are being encouraged to replace pipes to avoid contamination.

Problems causing working constraints

In addition to the detection and repair of leaks, which are being un-
dertaken by an independent unit, overhaul of the distribution system
is essential so that the water that is saved is added to the available
supply. Similarly, huge wastage of water through public standpipes
needs to be monitored and curbed, and illegal tapping prevented.

Even so, rising standards of living mean that demand will continue
to outstrip supply.

The management of the system is also affected by a ¯oating popu-
lation of tourists and visitors to the capital of the order of 300,000 to
400,000. Moreover, the regular in¯ux of population has increased
during recent decades. It is therefore essential to monitor future
projects to augment supply.

An increasing trend towards commercialization and densi®cation,
as well as continuing unauthorized construction, has increased de-
mand for ®re-®ghting.

Scope for improving the water supply and water management

The possibility of utilizing more groundwater in a scienti®c manner is
being explored seriously, particularly in the outlying areas of Delhi.
This water could be treated and used for drinking. What was uneco-
nomic a decade ago will become a necessity in future.

Also under active consideration is the possibility of exchanging the
stormwater from drains as well as treated ef̄ uent from the sewage
treatment plants of Delhi with the river water being used for irriga-
tion by the neighbouring states of Haryana and Uttar Pradesh. This
river water could be used in Delhi for drinking purposes.

The use of ®ltered water for parks, gardens, and kitchen gardens
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will have to be banned totally, and should be substituted by borewell
water, recycled water, or treated ef̄ uent from sewage treatment
plants.

A rationalization of supply hours is also needed in order to ensure
that water is used for essential requirements only.

Water management thus deserves to be a focal issue in the overall
framework of urban development and management of urban services
in Delhi. There have been a few success stories in Delhi where con-
sumers themselves have mobilized opinion and action to restrict the
misuse of this scarce resource. In south Delhi, some apartments have
developed a dual system of water supply and use. Potable water is
stored in one elevated tank for the entire building for drinking pur-
poses and borewell water is supplied for other uses through a sepa-
rate tank and system. This not only ensures a regular supply of pot-
able water but also encourages good demand management. A public
awareness campaign is needed to educate people about such methods
and about conservation.

Water conservation

Various methods have been adopted to conserve water.

Evaporation control
Evaporation is controlled by carrying raw water from the Upper
Ganga Canal to the Bhagirathi water treatment plant in a closed
conduit. In addition, the Yamuna Canal raw water carrier system to
the Haider plant is lined.

Recirculation of wastewater and recycling of waste
Wastewater from clari®ers and ®lter wash water are already being
recycled at the Bhagirathi water treatment plant. Adoption of the
system is being studied at other plants. Recycling of wastewater for
industrial use has also been started. In addition, 270 mld of sewage
ef¯uent is being used for irrigation in the Union Territory of Delhi.

Prevention of leaks, wastage, misuse, and theft of water
Unaccounted for water, which was 40 per cent in 1992, has decreased
to 25 per cent as a result of various measures taken in the past. Vig-
orous efforts need to be made to install a remote sensing and mon-
itoring system to reduce the detection and response time for leaks,
bursts, etc.
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A special drive has been launched to remove on-line boosters ille-
gally installed by consumers ± 17,826 boosters had been removed by
March 1996.

Planning for the future

Delhi's water supply capacity from all sources is about 2,700 mld (of
which 250 mld is from wells and tubewells).

Work to increase the supply is currently in progress, consisting of
the construction of water treatment plants at Nagloi (182 mld capac-
ity), treating water from the Western Yamuna Canal, and at Bawna
(91 mld capacity), and of ®ve ranney wells. To cater for the prospec-
tive population, three dams are planned (table 4.3).

Water supply in Calcutta

Calcutta is an important coastal town in the east. Greater Calcutta
includes Howrah, which is the railway terminus.

Water sources

The sources of Greater Calcutta's drinking water supply are shown in
table 4.4 and ®gure 4.4. Within the Calcutta Municipal Corporation
limits, the construction and maintenance of water supply schemes
are undertaken by the Calcutta Municipal Corporation (CMC) and
outside the city limits by the Calcutta Metropolitan Development
Authority (CMDA). The Calcutta Metropolitan Water Supply and
Sewerage Authority is responsible for the expansion of waterworks.

The population of Greater Calcutta in 1997 was about 11.86 mil-
lion, with a ¯oating population of 2 million. The slum population was
about 40 per cent. The average daily water supply per capita was
120 litres.

Table 4.3 Planned dams to augment Delhi's water supply

Potential
(million m3)

Delhi's share
(million m3)

Tehri Dam 1,858 268
Renuka Dam (in Himachal Pradesh) 460 460
Kishau Dam (in Uttar Pradesh) 1,300 615
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Distribution system

Water is supplied at high pressure (5 kg/cm2) between 6 a.m. and
9 a.m. and 3.30 p.m. and 6.30 p.m. and at low pressure between
11.00 a.m. and 12.00 noon and 8.00 p.m. and 8.30 p.m. Residual heads
are generally 0.60 m.

Water tariffs

Domestic
A large proportion of the ®ltered water supply in Calcutta is not
directly charged because the water supply charges are included in
the property tax. In Calcutta Municipal area, water connections up to
15 mm diameter are not charged, 20 mm diameter connections are

Table 4.4 Greater Calcutta's sources of drinking water

Volume

Source Million gallons/day Million litres/day

Calcutta

Surface water (River Ganges):
Palta waterworks

(30 km away)
160 730

Garden Reach
waterworks (16 km away)

60 270

Baranagar Kamarhati
waterworks (CMDA)
for BK area of Greater
Calcutta

30 136

Total 250 1,136

Groundwater:
Various zonal tubewells 20 90
Private pumps 10 45
Total 30 135

Howrah
Surface water (River Ganges):
Padhmapukur waterworks 40 180
Serampore waterworks 20 90
Total 60 270

Total 340 1,541
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Fig. 4.4 Tapping points on the River Ganga for Calcutta Metropolitan Area (Note:
not to scale)
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charged at Rs. 480 per year, and 25 mm connections at Rs. 780 per
year. Bulk water supplies are often metered and charged at Rs. 3/m3.

Commercial and industrial
For ®ltered water, a 6 mm connection costs Rs. 240 per month and a
25 mm connection Rs. 2,200 per month.

Some un®ltered water is also supplied (by disinfecting raw water
from the River Ganga) to industries at nominal cost, varying from Rs.
50±75 per month for a 12 mm diameter connection to Rs. 335±505
per month for a 25 mm diameter connection.

Bulk water supplies to industries are charged at Rs. 15/m3.

Management problems

Calcutta faces problems of overcrowding and narrow lanes in the
Howrah area, making O&M repairs dif®cult.

There is arsenic pollution in the groundwater, which is being drawn
from greater depths because of the falling water table. As a result,
deep tubewells are being closed.

About 50 per cent of the water supply is not directly charged,
which creates ®nancial problems in terms of O&M, even though
domestic water is cross-subsidized.

For any new scheme, funding is a problem because government
grants cover only 25 per cent of the cost. Funding from other ®nancial
institutions is required, which is a slow process. Raising funds by
¯oating public bonds is being tried now.

Unaccounted for water

The percentage of unaccounted for water is about 30 per cent.

Planning for the future

New capacity
Future population and demand for water are shown in table 4.5. To
meet this demand, it is proposed to add 40 million gallons/day (mgd)
at the Palta plant, 60 mgd at the Garden Reach plant, and 40 mgd at
the Howrah waterworks by the year 2000, and another 40 mgd each
at the Palta and Garden Reach waterworks by the year 2021.

A new project, estimated to cost Rs. 5,000 million, is at the con-
ceptual stage. This envisages procuring the entire water supply from

Mega-cities in India

104



treatment works by gravity, thus making considerable savings in
power consumption. The gravitational ¯ow would also ease opera-
tional problems.

Rehabilitation of the distribution network
The pipes used in the distribution network are very old. Their carry-
ing capacity has fallen, making it dif®cult to distribute water equitably
at adequate pressure.

A rehabilitation plan for large-diameter pipes (750±1,800 mm dia-
meter) is in hand, for which a separate allocation of Rs. 500 million
was made during the 1997/98 ®nancial year. Fibreglass reinforced
pipes are being pushed inside the old cast-iron pipes in the rehabili-
tation process.

Water supply in Chennai

Chennai, the capital of Tamil Nadu state, is situated on the coast of
the Bay of Bengal. Though the city receives an appreciable amount
of rainfall (1,000±1,200 mm), drinking water is the most serious
problem every year. Although there are ®ve rivers in and around, the
dependable supply from these rivers is insuf®cient to meet the needs
of the city. Chennai has a population of 5.42 million and the total
water supply is of the order of 300±350 mld. Thus, the per capita
supply is only 65 litres, which is too low. Rationing of drinking water
is required, including alternate-day supply when necessary. In the
past, water was transported by train.

Water sources

The present water supply comprises about 75 per cent surface water
and 25 per cent groundwater.

Table 4.5 Projected population and demand for water in Calcutta, 2000 and 2015

Demand (mld)

Year
Population
(million) Greater Calcutta

Calcutta
Corporation's share

2000 15.50 2,034 675
2015 21.40 2,565 696
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Surface water
The present source of surface water is natural rainwater stored in
three interlinked lakes: Pundi, Cholawaram, and Red Hills (see ®g.
4.5). However, all three lakes are shallow and small in capacity. The
total water obtained from this system is approximately 250 mld.

The catchment area is an agricultural region, so that in years of low
rainfall the in¯ow to the reservoirs reduces considerably because
irrigation tanks, lakes, and upstream diversion have ®rst call on the
available ¯ow.

Groundwater
About 50 mld is extracted from well ®elds. Although groundwater
makes an appreciable contribution (equivalent to industrial require-
ments in the area), there are certain problems with aquifers that are
shallow and have limited resources. As a result of great exploitation
of groundwater, some well ®elds have experienced seawater intru-
sion. In consequence, water from almost 40 per cent of the wells is
not of potable quality. In addition, a major recharge area in the town
is now covered by urban settlements, leading to a decrease in
groundwater because of low groundwater recharge. There needs to
be a check on such settlements.

Projects to augment the supply for Chennai

Because Chennai's water supply has been far from satisfactory, sev-
eral schemes have been formulated from time to time in the past to
augment water sources. However, there have been a lot of political
problems and the proposals were cancelled.

Krishna Water Supply Project
The ®rst augmentation scheme, the Krishna Water Supply Project,
was conceived in 1983. It planned to draw water from the River
Krishna in the state of Andhra Pradesh, 400 km from Chennai.
However, this scheme did not ultimately materialize.

Viranam Water Supply Scheme
A project to bring 200 mld from Viranam lake, 230 km away, planned
originally some 15 years ago, was abandoned mid-way through its
execution. Attempts were made by successive governments to renew
this scheme by planning it all over again and linking it up with the
World Bank. But, owing to uncertainties about the availability of the

Mega-cities in India

106



Fig. 4.5 Chennai's water sources (Note: not to scale)
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required volume of water, the scheme has now been downsized and
redesigned to serve towns in adjoining districts. Thus this source is
not available to augment the city's water supply.

A scheme for the future
Another source has been identi®ed, and a scheme is being carried out
to draw water from the River Krishna through the Nagarjun Sagar
dam, 900 km away. It is in two stages: the ®rst stage of 400 mld is
nearing completion; in the second stage, another 500 mld will be
made available.

By the time the second stage is completed, it is thought that
another 20 local bodies around Chennai with a population of about
3 million will have to be served from this source, by which time the
total available supply will be 1,200 mld. This could cater for a popu-
lation of 10±11 million in the future. A large unserved area around
Chennai will have also to be served from this water supply scheme,
which would reduce the per capita availability.

Water management in Chennai

The Madras Metro Water Supply and Sewage Board (MMWSSB)
has been very aware of the problem of the scarcity of water in
Chennai, and it has also started taking ®rm steps to conserve existing
potable water and to use it economically and speci®cally for drinking
purposes. One strategy is that the government does not sanction any
industrial project unless the industry makes its own water supply
arrangements or uses recycled wastewater, duly treated for the in-
dustrial consumption. To cite one case, Madras Fertilisers Ltd. was
provided with 18 mld raw water by the MMWSSB from aquifers
located 10 km from the factory site. During severe droughts in 1983
and 1987, the MMWSSB imposed a total ban on the water supply to
this industry; this led to a long shutdown at this plant. The industry
sought to replace its requirement of 12 mld for cooling with an alter-
native source and evaluated the possibility of either utilizing seawater
for an indirect cooling process or supplementing the existing water
supply with city sullage requiring tertiary treatment and deminerali-
zation prior to use as a feedstock for the existing factory water supply
system. The second option was chosen and a plant using reverse os-
mosis to convert 15 mld of ef̄ uent into 12 mld of usable industrial-
grade water suitable for their cooling towers was constructed. It was
commissioned in 1993. The freeing of 12 mld of potable water for the
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Chennai water supply system helps to ease the social pressures of an
ever-increasing population.

The MMWSSB accepted the principle of providing industries with
water obtained from puri®ed sewage ef̄ uent. Japan's Overseas Eco-
nomic Cooperation Fund (OECF) has agreed to fund a 100 mld
treatment plant to treat a portion of the city's sewage, thus creating
another industrial water resource and in effect augmenting the city's
water supply.

Other measures for water conservation

In the past, evaporation control by spreading chemicals on the lakes
has been tried and a saving of 25 per cent was observed. This mea-
sure could be adopted in the future when needed.

In the water treatment plant, ®lter backwash is reused. In addition,
a desalination plant is under construction.

Under the Madras Metropolitan Groundwater Act, no new site
plans can be sanctioned without provision for rainwater harvesting.
There is also a restriction on the capacity of pumps for drawing
groundwater. As a result, there has been a perceptible rise in the
groundwater table.

Apart from these measures, leak detection and prevention are
being pursued in a big way. Thus, in the future, the situation is
expected to improve.

Conclusions

Several strategies need to be adopted to achieve a sustainable water
supply in India's mega-cities:
. A national water policy to decide priorities in water allocation and

for the quick settlement of inter-state disputes should be put into
operation. A groundwater act, to halt over-exploitation, is needed.
To prevent the pollution of surface water as well as groundwater,
polluters should be booked and legal acts enforced.

. The seventy-fourth amendment to the Indian Constitution, which
delegates ®nancial powers to local bodies, should be implemented.

. When framing schemes, population forecasts need to be made
scienti®cally, since this is the basis for design.

. Growth in the cities has to be controlled because it leads to the
development of slums.
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. Unaccounted for water is very high; hence a systematic leak detec-
tion and leak prevention programme, as a part of a regular O&M
plan, is a ®rst priority.

. Water conservation has to be given due weight. Water should be
appropriately priced because low rates tend to increase wasteful
use of water. However, there should be subsidy to the poor. Simple
in-house conservation measures such as self-closing taps and small-
capacity toilet cisterns should be taken.

. Water tariffs should be calculated on a marginal cost basis, and
yearly increases of 10±15 per cent made. Indirect taxation should
also be tried, if necessary. Water supply and sewerage should be
charged for separately and there should be an effective recovery
mechanism.

. Water quality and surveillance should be accorded the same prior-
ity as the quantity of supply. Checks on residual disinfectants and
proper testing should be insisted on. Old pipes and connections are
the source of contamination, so there should be a plan to replace
these in stages.

. To plan for the future, a 10-yearly review of supply and demand
and long-term planning for 30±50 years should be undertaken.
Integrated water supply and sewerage schemes should be prepared.

. Much of the cost of new schemes with distant sources could be
saved by meeting some demand through alternative sources such
as: (a) recycling of sullage and wastewater for non-potable use; (b)
using secondary treated sewage for industrial and agricultural pur-
poses; (c) exploring groundwater potential; (d) seawater desalina-
tion in high-value establishments in coastal cities.

. Metering is desirable provided the supply is more or less continu-
ous, the quality of meters is good, and servicing back-up is available.

. Good organizational linkages and interdepartmental coordination
and cooperation are the key to avoiding delays in implementation.

. Institution-strengthening and capacity-building through training are
vital.

. Political stability, will, and support are required for long-term
planning. Planning should not be limited to the tenure of elected
representatives.

. Resource mobilization and ®nancial planning are central to any
project. Dependence on government funds has to be reduced and
innovative ways of ®nancing should be devised; these include insti-
tutional ®nance and external funding.
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. Last but not least is the very important place and role of engi-
neers in the city's water management. They are better equipped to
understand the problems involved than generalists and bureaucrats
are. However, proper publicity by engineers about their work is
necessary. They need to establish a rapport with the public and
educate it.

Note

1. Throughout this chapter, the local name of Mumbai is used for Bombay, and the
name Chennai is used for Madras.
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5

Water supply and distribution
in the metropolitan area of
Mexico City

Cecilia Tortajada-Quiroz

Introduction

Mexico is a country with an area of 2 million km2 and a population of
more than 92 million. The mean annual rainfall is 780 mm (repre-
senting a volume of 1,522 km3), the average annual runoff is 410 km3/
year, and the renewable annual groundwater is estimated at 55 km3.
The average annual per capita water availability is about 5,000 m3,
which is twice the world average. However, water is scarce in the
north of the country and abundant in the south. In fact, 79 per cent of
the natural groundwater recharge occurs in the south-eastern region
of the country (SEMARNAP/CNA, 1996). Mexico's per capita water
availability thus varies regionally, depending on both the mean an-
nual rainfall and population concentrations: in regions with less water
but high population, availability ranges between 211 and 1,478 m3/
year; in regions with more water and less population, availability
varies between 14,445 and 33,285 m3/year (CNA, 1994).

In 1995, the total water abstracted in Mexico for all purposes was
estimated at about 300 km3. Of this, 26.5 per cent was allocated to
produce hydroelectric energy and 73.5 per cent for other purposes:
61.2 per cent for agriculture, 8.5 per cent for domestic use, 2.5 per
cent for industry, and 1.3 per cent for aquaculture (®g. 5.1). It is
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estimated that, by the year 2000, 142 km3/year will be required to
produce hydroelectric energy and 2.89 km3/year for thermal power
(mainly cooled by seawater) (SEMARNAP/CNA, 1996).

Current annual average water abstraction represents about 43 per
cent of total annual renewable water. Viewed nationally, this may
give a false sense of water abundance since it does not indicate the
problems of scarcity and contamination that can now be observed in
most of the basins and aquifers. Both water scarcity and water con-
tamination have already contributed to the development of a series of
con¯icts between the various uses and different users in many parts of
the country (Naranjo and Biswas, 1997; CNA, 1994).

The total annual wastewater generated in Mexico is estimated at
7.3 km3 (or 231 m3/sec). Even though infrastructures exist to treat
1.4 km3/year, only 0.53 km3/year are actually treated. Thus, nearly
93 per cent of the wastewater is discharged without any treatment
whatsoever (SEMARNAP/CNA, 1996). The 1994 studies by Mexico's
National Water Commission (ComisioÂ n Nacional del Agua, CNA) on
water quality in 218 basins in the country (representing 77 per cent of
the territory, 93 per cent of the population, 72 per cent of the indus-
trial sector, and 98 per cent of irrigated areas) indicated that most of
the basins are at present contaminated with organic, industrial, and/
or agrochemical wastes (CNA, 1994).

The number of people being supplied with water has increased in
recent years (®g. 5.2), but not all of this water is treated (®g. 5.3).

Fig. 5.1 Water use by sector in Mexico, 1995 (Source: SEMARNAP/CNA, 1996)
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According to the CNA (1997a), out of a total population of 91.6 mil-
lion, 15.1 million people did not have access to clean drinking water
and 30.6 million did not have access to sanitation facilities in 1995.
The problem is most serious in the rural areas, where 48 per cent of
the population do not receive safe drinking water and 79 per cent do
not have access to sanitation services (SEMARNAP/CNA, 1996).

Current estimates indicate that, by 2000, total demand for drinking
water in Mexico will increase to 9.4 km3/year (299 m3/sec), and 7.7
km3/year (244 m3/sec) of wastewater will be generated (SEMARNAP/
CNA, 1996). Already, however, Mexico faces serious problems of
water availability because of the mismatch between the centres of
water demand and of available water. The 75 per cent of the territory
in which most of the large cities, the industrial sector, and irrigated
land are concentrated accounts for only about one-third of the water
available in the country.

The problems related to water management have become very
complex. The increasing population, the very serious problems re-
lated to lack of sanitation and clean water, as well as permanently

Fig. 5.2 The availability of water in Mexico, 1990±1995 (Source: CNA/UPRPS/
National Information System ± CNA, 1997a)
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high investments in infrastructure without achieving de®nite solutions
are forcing the government to search for different approaches other
than purely engineering and supply-oriented ones. The institutions
concerned are realizing that successful water resources management
requires a long-term planning process from the technical, economic,
political, social, and environmental points of view.

A good example of unsustainability from all the different points of
view is Mexico City, where both water supply and wastewater treat-
ment have become serious problems. So far, no long-term sustainable
strategies have been proposed by the government, either federal or
state, and, unless programmes on demand management for the city
are seriously considered and implemented, it will be only a matter of
time before more acute con¯icts arise between the different users of
clean water.

Mexico City: A case study

Mexico City is the capital city of Mexico. It is located in the Federal
District (Distrito Federal, D.F.), in the south-western part of the

puri®ed

Fig. 5.3 The availability of treated water in Mexico, 1990±1995 (Source: CNA/
UPRPS/Department of Clean Water ± CNA, 1997a)
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Valley of Mexico, surrounded by mountains reaching altitudes of
over 5,000 metres above mean sea level (msl). At the beginning of
the twentieth century, the city was still in the north-central area
of the D.F. As a result of increased urbanization, it now covers
the whole surface area of the D.F. The federal government and most
of Mexico's industries, educational and employment facilities, and
cultural centres are concentrated in this area (National Research
Council et al., 1995).

Mexico City represents 0.1 per cent of the surface area of the
country, and accounts for nearly 10 per cent of its population (8.5
million inhabitants) (INEGI, 1996). It is located in a high, naturally
closed basin, at 2,240 msl, and most of the urban area is located in the
¯at and lowest levels of the basin. Historically, the city has faced
severe problems related to water scarcity, which have become more
acute owing to the continuous increase in population and the con-
tamination of surface water and groundwater within and around the
city.

In order to meet this escalating water demand, the government has
focused mainly on supply management and engineering solutions,
which have resulted in investments of millions of dollars and the con-
struction of major infrastructural projects for the inter-basin transfer
of surface water and groundwater. Long-term economic, social, and
environmental strategies still have to be developed to achieve a more
sustainable development of the basin and to improve the life styles of
its millions of inhabitants.

In the Valley of Mexico, annual precipitation is about 746 mm
(226 m3/sec) (1980±1985) and evapotranspiration is about 75 per cent
(Birkle et al., 1996). The city's water supply depends mainly on local
groundwater sources and on the transfer of surface water from in-
creasingly distant basins. In order to meet part of the water needs of
the population living in Mexico City, a total volume of 1,199 km3/day
is abstracted from 347 wells (1,142 km3/day) and 62 springs (57 km3/
day) (INEGI, 1996). The second main water source originates from
the Lerma-Balsas and Cutzamala river systems.

The water is distributed to users through a primary network of
870 km of pipelines and a secondary network of 10,600 km. The
water supply system comprises 14 dams with a total storage capacity
of 2,332,700 m3 and a catchment area of 170 km2 (INEGI, 1996).
There are also 243 storage and regulatory tanks with a total capacity
of 1,500,000 m3. Water is distributed to people living in the highest
areas of the city by means of 227 pumps (UNAM, 1997).

The metropolitan area of Mexico City
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Mexico City currently has 1,470 km of primary sewerage network
and 9,900 km of secondary network. The volume of wastewater that
is discharged is 2,349,116 km3/year (INEGI, 1996), of which no more
than 7 per cent is treated. There are 22 treatment plants in Mexico
City (18 secondary level and four tertiary), with an installed capacity
of 6,810 litres/sec (CNA, personal communication). The reports,
however, do not specify whether all the treatment plants are cur-
rently functional or the extent to which their capacities are used.

The quality of life of the population living in the Mexico City area
has decreased dramatically over recent years, primarily owing to the
high density of population (ranging from 300/km2 up to 10,000/km2)
and extensive air and water pollution. The increased urbanization
and high population growth within the city have resulted in the des-
ignation of an area known as Mexico City Metropolitan Zone (Zona
Metropolitana de la Ciudad de MeÂ xico, ZMCM). Thus, Mexico City
can no longer be considered to be an independent unit for water
planning and management. The ZMCM includes Mexico City and
part or all of the 17 municipalities of the State of Mexico, which
adjoins the D.F. to the north, east, and west.

Mexico City Metropolitan Zone

Water demand

The ZMCM is one of the most rapidly growing urban centres in
Mexico. It has a surface area of 3,773 km2 and more than 20 million
inhabitants. The total population is not known reliably because of the
very high rate of immigration as well as numerous illegal settlements
(National Research Council et al., 1995).

The State of Mexico is the most populated area in Mexico (more
than 12 million inhabitants according to 1995 reports), followed by
Mexico City with nearly 8.5 million people (INEGI, 1996). The State
of Mexico has an annual growth rate of 3.75 per cent (compared
to the national growth rate of 2.43 per cent), an average popula-
tion density of 545/km2, and some 3,000 industries (CNA, 1997b;
CONAPO, 1997).

The per capita water supply is 364 litres/person/day in Mexico City
and 230 litres/person/day in the State of Mexico, which represents
average daily consumption in the ZMCM of 297 litres/person (table
5.1; National Research Council et al., 1995). However, the actual
amount received by individuals is signi®cantly less, because the sup-
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ply also serves industries and services and leaks account for more
than 30 per cent (ArreguõÂn-CorteÂ s, 1994); moreover, there are dif-
ferences in distribution to the various areas of the ZMCM (CasasuÂ s,
1994; CNA, 1997b).

Total water consumption in the ZMCM is about 62 m3/sec for
domestic and commercial uses, as well as for services ± 35 m3/sec
in Mexico City and 27 m3/sec in the State of Mexico (CNA, 1997a).
About 7 per cent of this volume comes from 3,537 wells of®cially
registered and operated by CNA and the governments of both
Mexico City and the State of Mexico (Birkle et al., 1996). Legal wells
are located in four different well ®elds in and around the ZMCM
(National Research Council et al., 1995). It has not been possible,
however, to calculate the exact volume of water abstracted from the
aquifer owing to the existence of illegal wells, which could number
5,000±10,000 in the entire basin (Cruickshank, 1994; INEGI, 1996).

The management of drinking water supply, distribution, and waste-
water collection within the ZMCM is shared by the governments of
Mexico City and the State of Mexico. The political divisions of
Mexican states are known as municipios, while the Distrito Federal
is divided into 16 political delegaciones. These municipios and dele-
gaciones are not autonomous. They do not establish their own
guidelines for water planning and management purposes, nor do they
decide how to maintain the water supply, distribution networks, or
sewerage networks. All decisions are taken by the governments of
both Mexico City and the State of Mexico.

Table 5.1 Characteristics of the Mexico City Metropolitan Zone and use of water
supplied to Mexico City and the State of Mexico

Mexico City State of Mexico

Total area of the ZMCM (km2) 1,504 2,269
Area served by the common water distribution

and wastewater disposal systems (km2)
667 620

Population (million) 8.5 12
Daily per capita water supply (litres) 364 230
Water use by category (%)

Domestic 67 80
Industrial 17 17
Commercial and urban services 16 3

Sources: Departamento del Distrito Federal, 1992b; ComisioÂ n Estatal de Aguas y Sanea-
miento, 1993; INEGI 1991a. In National Research Council et al. (1995); INEGI (1996).
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At present, the CNA supplies about 24 m3/sec of water to the
ZMCM. The CNA is also responsible for constructing and operating
distribution systems to transfer water from other basins to the basin
of the Valley of Mexico. It also operates some of the existing deep
wells, while others belong to the State of Mexico and Mexico City
governments (CNA, n.d.a).

Both Mexico City and the State of Mexico share water service
areas, and each has ®ve water service districts. Water enters the dis-
tribution system at speci®c points at one or more locations. The
groundwater abstracted, the water withdrawn from wells, and the sur-
face water from the few sources located within the basin go straight
into the distribution system (National Research Council et al., 1995).
This distribution system has become so big and complex that the
water extracted from wells in one part of the ZMCM does not nec-
essarily enter the system within the same service district.

At present, 97 per cent of the population in the D.F. and 90.5 per
cent in the State of Mexico have access to water, either from a water
connection directly to the house or from communal taps in the
neighbourhood (National Research Council et al., 1995). However,
most of the aquifers, springs, and rivers that supply water to the
ZMCM are located in the west, north, and south of the area. Thus,
the water supply is somewhat irregular and unreliable for the popu-
lation living in the eastern part, who are the most affected by water
shortages. More than 3 per cent of the people who live in the ZMCM
still have to buy water from either public or private tankers. The cost
of water per 200 litre container represents between 6 per cent and
25 per cent of their daily earnings (Restrepo, 1995). In 1994, poor
people buying water from tankers were paying 500 times more than
registered domestic consumers.

Main problems

The three existing sources from which water is abstracted for the
ZMCM are the aquifer of the Valley of Mexico (71 per cent), the
basins of the rivers Lerma±Balsas and Cutzamala (26.5 per cent), and
the very few surface water bodies that still exist in the basin of the
Valley of Mexico (2.5 per cent) (CNA, 1994, 1997b; UNAM, 1997).
The rate of withdrawal from the aquifers is signi®cantly higher than
the recharge rate: 45 m3/sec is abstracted but the natural recharge
rate is only 20 m3/sec, leaving an over-exploitation of 25 m3/sec
(UNAM, 1997).
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This over-exploitation has contributed to the depletion of the
aquifer (the groundwater level is declining by about 1 m each year)
and land subsidence at the rate of 10±40 cm/year in some parts of the
city. It is estimated that the central area of ZMCM has subsided by
7.5 m during the past 100 years (World Resources Institute, 1996).
The soil of Mexico City is basically clay and thus susceptible to
dewatering and compaction. Accordingly, the higher the volume of
water abstracted, the higher is the rate of land subsidence (CNA,
1997b). The sinking of the city has resulted in extensive damage to
the city's infrastructures and water supply and sewer systems and
degradation of the groundwater quality. It has also necessitated the
construction of costly pumping plants to remove both wastewater and
rainwater from the city (Departamento del Distrito Federal, 1991).

However, the problems related to water supply in the ZMCM
extend beyond the sinking of the city. The entire hydraulic system,
for example, has become not only very big and complex but also ob-
solete in many cases. Water distribution to the population varies in
the different parts of the city, tariffs are still very highly subsidized,
and the population wastes enormous amounts of water (people living
in rich areas consume up to 600 litres, whereas people living in poor
areas consume an average 20 litres).

The very high percentage of water that is lost through leaks in the
distribution networks is due to the age of the pipes, the absence of
adequate maintenance over the years, and continuing land subsi-
dence and movement in the ZMCM. It is estimated that more than
30 per cent of water is lost in the pipes from leaks before reaching
users (National Research Council et al., 1995; CNA, 1997b). The
amount that is lost due to leaks would be enough to provide water to
more than 4 million people (UNAM, 1997). Just in the ZMCM, the
government repairs about 4,000 leaks in the distribution system every
month (World Resources Institute, 1996). The ef®ciency of the water
distribution systems all over Mexico leaves much to be desired; in-
vestment requirements are very high and so are the volumes of water
that are wasted. In general, water losses due to leaks vary from a low
of about 24 per cent to a high of 60 per cent in different cities in the
country (table 5.2) (ArreguõÂn-CorteÂ s, 1994).

At present, one goal of the central and local governments is to
promote water conservation within the population. One option would
be to charge more realistic prices to domestic and industrial users.
Services would not be as heavily subsidized as at present, and opera-
tional and maintenance costs would be met from the user fees. In
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1991, user charges represented only about 27 per cent of the opera-
tion and maintenance costs of the water supply systems (Departa-
mento del Distrito Federal, 1991).

Until the middle of May 1997, the price charged to domestic users
in Mexico City was US$0.2/m3, when the cost of supplying water was
about US$1.0/m3. Since then, following a new pricing policy, tariffs
have been reduced, depending on consumption, by 17±64 per cent
(table 5.3). The Mexico City government claims that this ``will con-
tribute to better economy of the users and will strengthen public
®nances'' (Excelsior, 24 May 1997). The fact remains that, as long as

Table 5.2 The results of some leakage studies in Mexico, 1991

City

Volume
supplied
(litres/sec)

% of taps
with leaks

% of supply
lost from taps

% of supply
lost in the
supply system

Total
losses
(%)

Guaymas 488 30.0 23.4 1.8 26.23
QuereÂ taro 1,783 14.0 13.5 2.8 29.96
Veracruz 2,869 17.0 24.2 0.1 24.34
Xalapa 1,215 9.0 34.4 8.9 43.32
Los Cabos 268 34.0 22.6 12.0 37.63
Oaxaca 721 24.0 59.2 1.1 60.34
CancuÂ n 940 38.0 24.1 15.6 39.95
Chihuahua 3,489 5.0 15.8 25.7 41.50
Cd. JuaÂ rez 4,147 19.0 29.9 5.8 35.70

Average 21.1 27.4 8.2 37.66

Source: ArreguõÂn-CorteÂ s (1994).

Table 5.3 Tariffs on average consumption in Mexico City, 1996 and 1997

Domestic tariffs

Consumption
(m3/2 months)

Consumption
(litres)

1996
(US$)

1997
(US$)

Difference
(%)

30.1 500 10.25 3.75 ÿ64
40.0 666 13.75 6.75 ÿ51
50.0 833 17.12 9.75 ÿ43
60.0 1,000 20.50 12.75 ÿ38
60.1 1,001 24.62 12.75 ÿ48
70.0 1,166 28.62 18.62 ÿ35
80.0 1,333 32.75 24.62 ÿ25
90.0 1,500 36.87 30.50 ÿ17

Source: Excelsior, 24 May 1997.
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the government keeps on subsidizing users, it will be very dif®cult to
develop the necessary public awareness about water conservation
and to reduce the amount of water that is wasted, and it will be
almost impossible to recover the costs that are invested in operation
and maintenance.

Water is charged per cubic metre as consumption level increases.
There are numerous taps that are not registered, and thus consump-
tion through them is neither recorded nor charged to the user. For
example, in 1991, in Mexico City alone there were about 1.9 million
taps, of which 1.3 million were registered; and, out of millions of
users, only about 900,000 water meters were registered.

Macro-projects

In order to supply the necessary water to the most important cities in
Mexico, the federal government is committed to building more water
projects in the Valley of Mexico, Guadalajara, Monterrey, and
Tijuana, starting in 1997, together with the local governments and the
CNA. Even though the main objective is to solve the most acute
problems related to drinking water supply and sanitation in these
cities, the government will have to consider seriously in the foresee-
able future the management of water demand, along with supply
management. There is simply no other long-term alternative.

In the Valley of Mexico, the water projects mainly involve the en-
largement of the Cutzamala distribution system; the construction of
two aqueducts (Macrocircuit and ``AquafeÂ rico''); and covering 86 km
of the currently uncovered main sewage line of the ZMCM. It was
also planned to construct four wastewater treatment plants and to
re-inject treated wastewater into the aquifer. However, in 1998, the
newly elected government of Mexico City cancelled these plans.
Several issues were considered. First, the investment costs for treat-
ing the wastewater and transferring it hundreds of kilometres from
the source to the Mezquital Valley would be extremely high. Sec-
ondly, Mexico has not developed a cost-effective technology to treat
wastewater and re-inject it into the aquifer. Thirdly, construction of
just the treatment plants, without proper water resources manage-
ment and planning, would not solve the acute sanitation problems of
Mexico City and Mezquital Valley.

The total investment cost of these macro-projects would have been
about US$1,800 million over a three-and-a-half-year period, includ-
ing a US$500 million loan from the Interamerican Development
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Bank (IDB), and ®nancial assistance from Japan, the Mexican federal
government, and the governments of the states of Mexico, Hidalgo,
and Mexico City (El Universal, 21 May 1997).

The Cutzamala System

In 1976, the project known as the ``Cutzamala System'' (Sistema
Cutzamala) was planned to supply water to the ZMCM from both
the Cutzamala and the Lerma-Balsas river systems (in the State of
Mexico) and to reduce the over-exploitation of the aquifer of the
Valley of Mexico (CNA, 1997b). The Cutzamala System is the second
source of water for the ZMCM. It supplies water to the north of
Mexico City and to the State of Mexico. The water has to be trans-
ferred from 60±154 km away and pumped to a height of more than
1,000 m, thus requiring 102 pumping stations, which makes this
operation extremely energy intensive and expensive (SEDUE, 1990;
CNA, 1997b).

Because of the magnitude of the project, its construction was ini-
tially planned in three stages. The ®rst came into operation in 1982
(4 m3/sec), the second in 1985 (6 m3/sec), and the third in 1993 (9 m3/
sec) (CNA, n.d.b). In 1997, a fourth stage (the Temascaltepec pro-
ject) was expected to be initiated. However, the government has not
been able to start construction on the project owing to severe social
problems (CNA, 1997b). People living in the areas that will be affected
by the construction of the fourth stage have opposed the project, be-
cause they think it will supply water to the people living in Mexico
City, and there is no reason why they should suffer simply because
water is needed in another part of the country. To a signi®cant extent
this is due to the lack of an adequate strategy on information and
communication from the governments to society and to the absence
of proper public participation ± the project will in fact bene®t people
living both in Mexico City and in the State of Mexico (CNA, personal
communication). Government institutions have generally not consid-
ered the potential social con¯icts resulting from the transfer of water
resources from one basin to another; nor have they properly analysed
the nature of the bene®ciaries and the people who may have to pay
the cost. In fact, not even the Environmental Impact Statement (EIS)
for the fourth stage of the Cutzamala System (CNA, 1997b) mentions
the social implications. Like most EISs in Mexico, it considers almost
exclusively technical factors; social issues are conspicuous by their
absence.
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The Cutzamala System utilizes seven reservoirs and comprises a
pipeline for drinking water, a regulatory reservoir, and a 127 km
aqueduct, which includes 21 km of tunnels, a 7.5 km open canal, one
water treatment plant (24 m3/sec capacity) (CNA, n.d.c), and six
pumping stations to raise the water 1,300 m, which requires total
energy of 1,650 kWh/year (CNA, 1997b). The water is ®rst treated
at source in the Los Berros treatment plant (pre-chlorination, alum
coagulation/¯occulation, gravity sedimentation, and rapid sand ®ltra-
tion) and then it enters the Cutzamala System (National Research
Council, 1995).

Initially, what was later converted into the Cutzamala System was a
hydropower project. Cutzamala took advantage of the infrastructure
that already existed for the hydropower, but the planned water use
was changed. Currently, only 3 m3/sec is used to generate hydro-
power during peak hours and to satisfy local energy requirements in
the agricultural and industrial energy sectors (CNA, 1997b). The pro-
gramme on drinking water, drainage, and sanitation of the ZMCM
now expects to increase the water supply from the Cutzamala System
to the Valley of Mexico from 0.6 km3/year (19 m3/sec) to 0.76 km3/
year (24 m3/sec), and to treat 1.3 km3/year (42 m3/sec) of wastewater
(CNA, 1994, 1997b).

According to the EIS carried out for the fourth stage, the total
investment cost of the ®rst three stages was US$965 million (1996
estimates). If the estimated cost of the facilities from the cancelled
hydroelectric system is added, the total investment cost becomes
US$1,300 million. The reservoirs of the earlier hydroelectric plants
represent a volume of 840 million m3 (CNA, 1997b).

The total area affected by the construction of the Cutzamala System
during the ®rst three stages is approximately 710 ha, with a land value
of US$3.55 million (CNA, 1994, 1997b). One of the main adverse
socio-economic impacts of the Cutzamala System has been the reset-
tlement of communities, who, as of February 1999, had not received
the expected compensation.

In addition to the construction of the Cutzamala System, about 190
so-called social projects have been built to bene®t some of the people
living in the most affected municipalities (CNA, 1994, 1997b). These
projects were built jointly by CNA and the communities, and consist
mainly of the construction, enlargement, and rehabilitation of both
water supply and sanitation systems, as well as the construction and
rehabilitation of houses, schools, and farms. Equally important is the
construction and rehabilitation of roads by the CNA, both for the
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Cutzamala System and for social bene®t. The cost of these social
projects was estimated in 1996 to be equivalent to 5 per cent of the
direct investment in the Cutzamala System, which would represent an
additional US$45 million (1996 estimates) (CNA, 1997b).

It is worth noting that the total cost of the Cutzamala System at
US$1,300 million (mainly construction and equipment costs) was
higher than national investment in the entire public sector in Mexico
in 1996, including education (US$700 million), health and social
security (US$400 million), agriculture, livestock, and rural develop-
ment (US$105 million), tourism (US$50 million), and the marine
sector (US$60 million). Up to 1994, the Cutzamala System alone
represented three times the annual infrastructural expenditure of the
Ministry of Environment, Natural Resources and Fisheries for 1996,
which was more than US$470 million (CNA, 1997b).

The energy requirement to run the Cutzamala System is about
1,787 million kWh/year, which represents an approximate cost of
US$62.54 million. The total investment cost would increase signi®-
cantly if the investment costs in personnel (US$1.5 million/year) as
well as the water treatment process costs were added (CNA, 1997b).
The energy consumed by the system, plus the energy that could have
been produced if the hydroelectric system had continued to be used
as originally planned, could have supplied power to a population of
about 2.59 million people.

If only the operational costs for running the Cutzamala System are
considered (about US$128.5 million/year), supplying 600 million m3

of water (19 m3/sec) would mean an average cost per m3 of US$0.14
and energy consumption of 6.05 kWh/m3. The latter ®gure is more
than seven times the consumption of power of locations near the
ZMCM. The price of water of about US$0.2/m3 is not enough to
cover either the operational costs of the Cutzamala System or the
puri®cation or distribution costs of water to the ZMCM. According to
the EIS (CNA, 1997b) for the fourth stage of the Cutzamala System,
the minimum price of water to cover expenses should be over
US$0.3/m3. It would be even higher if the cost of treating and dis-
tributing the water is included.

Once the fourth stage of the Cutzamala System is operating, the
water supplied will increase from 19 m3/sec to 24 m3/sec. This last
stage includes the construction of a reservoir with a capacity of
65 million m3 to regulate an approximate ¯ow of 5,000 litres/sec, a
15 m3/sec pumping station, 18 km of canals, and 12 km of tunnels
(CNA, 1997b).
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Some studies have indicated that, if the leaks in the distribution
system from Cutzamala to the ZMCM were repaired, there would be
no need to construct the fourth stage of the project. This means that
the additional water supply of 5 m3/sec that is being planned at very
high investment, social, and environmental costs would not have been
necessary had better planning and management practices been
implemented. The government has so far made no public statement
on this issue.

The Cutzamala Macrocircuit and the Cutzamala ``AquafeÂ rico''

The federal government, together with the government of the State
of Mexico and the CNA, is constructing two distribution lines in
order to facilitate a better distribution system for the water coming
from the Cutzamala System.

The Federal District is constructing an aqueduct, known as
``AquafeÂ rico,'' that will distribute water from the Cutzamala System,
which comes from the west, to the southern and eastern parts of the
ZMCM (National Research Council et al., 1995; CNA, 1997d).

In the State of Mexico, the water distribution system is an aqueduct
known as the ``Cutzamala Macrocircuit.'' It is expected to be com-
pleted by the year 2000 and will be built around the perimeter of
most of Mexico City to the north, carrying water to the northern,
southern, and eastern parts of the city (CNA, n.d.d,e,f). The ®rst
stage of the Macrocircuit was inaugurated in October 1994. Both the
®rst and the second stages of the Macrocircuit are now in opera-
tion, providing a continuous water supply of 4 m3/sec and bene®ting
1,382,400 people by 250 litres/day/person. The third and fourth stages
of the Macrocircuit will increase the drinking water supply by an ad-
ditional 7 m3/sec (making a total volume of 11 m3/sec), bene®ting
4,752,000 inhabitants living in the eastern and northern areas of the
State of Mexico by about 200 litres/day/person (CNA, n.d.d,e,f; CNA,
1994, 1997c). The Macrocircuit includes the construction of two
pipelines of 168.28 km which will connect to pipelines already built,
making a total of 226.48 km. The two pipelines will need a surface
area of 336.56 ha, plus 71 ha for the storage tanks (CNA, 1997c).

Total investment in the Macrocircuit between 1987 and 1997 was
US$78 million, and the estimated cost for stages three and four
(1997±2000) is expected to be about US$190 million, making a total
investment of US$268 million. This amount represents almost 50 per
cent of the total budget of the public sector at the national level for
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1995 (US$563 million) in the areas of urban development, ecology,
and drinking water (CNA, 1997c).

Sewage

Between the beginning of the twentieth century and 1936, parts of
Mexico City were sinking by about 5 cm/year. However, higher water
demand resulted in the construction and operation of deeper wells
between 1938 and 1948, which increased the land subsidence rate
®rst to 10 cm/year, and later to 30 to 40 cm/year. The functioning of
the sewerage system, which until then worked on a gravity basis, was
severely affected by this settlement. The network also sank with the
city and its level in the different parts of the city became uneven.
Consequently, it became necessary to pump wastewater up from the
small sewage pipes to the level of the main wastewater collector of
the city, increasing both maintenance and operation costs.

However, the increasing population in the ZMCM made the sew-
age collection and treatment capacity insuf®cient. It was then decided
to build another main collector for wastewater for both Mexico City
and the State of Mexico as a combined sewage and rainwater net-
work (``Drenaje profundo''). This system is constructed up to 300 m
below the ground level of the city. It is thus not affected by the sink-
ing of the city (Departamento del Distrito Federal, 1990)

This main collector carries both rainwater (an annual average of
14 m3/sec) and wastewater (48 m3/sec) through primary and second-
ary networks. The secondary network is used to transport municipal
and industrial wastewater and rainwater in pipes of up to about 6 m
in diameter. The primary network is connected to the secondary
network and stores, transports, and disposes of the wastewater into
the Gulf of Mexico through four arti®cial channels located at the
northern end of the basin (UNAM, 1997; National Research Council
et al., 1995). The networks have 66 pumping stations, regulatory
tanks for ¯ow control, storm tanks, 111 km of open canals, piped
rivers, dams, and lagoons, and 118 km of underground collectors and
tunnels. According to 1995 ®gures, the total volume of wastewater
discharged into the ZMCM sewerage system was 2,349,116 km3

(Departamento del Distrito Federal, 1990; National Research Coun-
cil et al., 1995; INEGI, 1996).

Being located within a naturally closed hydrological basin, the city
is especially vulnerable to ¯ooding. Throughout history, arti®cial
channels have been built to carry wastewater mixed with rainwater
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out of the city. The rainy season in the ZMCM is characterized by
storms of short duration and high intensity, which can produce up to
70 mm of rainfall, representing 10 per cent of the total annual pre-
cipitation. Thus, the main collector was designed to carry about 200
m3/sec of water over a 45-hour period, even though it has carried up
to 340 m3/sec (National Research Council et al., 1995). Such sudden
¯uctuations in the amounts of water that have to be drained create
severe problems for the design and operation of the infrastructure.

The sinking of the city has also affected the sewerage system owing
to pipe fractures and loss of the hydraulic gradient, which has signi®-
cantly reduced the ef®ciency of the whole urban sewerage system as
well as contributing to groundwater contamination. New investments
include covering 86 km of the currently unlined and open main col-
lector, which would prevent the dumping of garbage and also elimi-
nate environmental and health risks.

Constraints on water resources management

The management of water resources in the ZMCM is very complex.
There seems to be an uncontrolled race between the water and
wastewater needs of an increasing population and the budget, tech-
nology, and management expertise to construct, operate, and main-
tain all the necessary systems ef®ciently.

The problems of water quantity and quality in the ZMCM are
linked to regional economic development policies and continual
increases in population. Government policies in recent years have
attempted to promote the development of other urban centres to
alleviate poverty and to provide better standards of living as well as
quality of life. The policy appears to be working, since the migration
rates to the ZMCM as a whole have declined in recent years. How-
ever, even though the population growth rate in Mexico City during
the early part of the twenty-®rst century is expected to decline to 2.1
per cent per year, the growth rates in the municipalities of the State
of Mexico around Mexico City are expected to increase even further
(Cruickshank, 1994), which really will not solve the overall problem.

Unless current trends change, the future scenario will include very
high investment costs to transport more and more water from
increasingly distant and expensive sources, greater land subsidence
owing to increasing groundwater withdrawal, a reduction in the
quality of the water extracted from the aquifer, higher subsidies,
and higher investments to cover operation and maintenance costs,
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etc. The result can only be a ``lose±lose'' situation for everyone
concerned.

Another constraint stems from the fact that the demand for living
space from the continually increasing population of the ZMCM has
forced land-use changes. Concrete and asphalt now cover areas that
are essential for the recharge of the aquifers. For example, the
southern area of the city is a good area for aquifer recharge, because
the soil is broken basalt. However, it is now heavily urbanized, and
this is also one of the main sources of groundwater contamination
because of the absence of a sewerage system (which cannot be eco-
nomically constructed owing to the presence of volcanic rock) (CNA,
1997b). Houses are thus built only with septic tanks. The change of
land use also contributes to higher volumes of rainwater, which enter
the sewerage system, requiring higher capacities.

The risk of contamination of the aquifer is increased owing to the
disposal of untreated industrial wastewater directly into the sewerage
system, inadequate waste treatment facilities, leaks from sewage pipes,
and waste illegally dumped in land®lls and in unlined sewage canals
(World Resources Institute, 1996). The 1990 census indicates that
some 82 per cent of the houses in the ZMCM are connected to the
sewerage system, 6 per cent use septic tanks, and 12 per cent dis-
charge their solid and liquid wastes directly onto the land or into the
water (CNA, 1997c). In the State of Mexico, poor-quality drinking
water has been detected in domestic taps as a result of the in®ltration
of unclean water into a leaky distribution system and the precipitation
of salts (mainly calcium, magnesium, iron, and manganese) (National
Research Council et al., 1995). Water contamination has very serious
public health impacts. The gastro-enteric diseases that result from the
consumption of polluted water are the second major cause of child
mortality (278 per 100,000) in Mexico (UNAM, 1997), the third leading
cause in the State of Mexico (450 per 100,000), and the fourth in Mexico
City (157 per 100,000) (National Research Council et al., 1995).

In terms of water reuse, most of this occurs informally through the
use of raw wastewater for irrigation. The wastewater from the city
ends up in EndhoÂ Dam, in the State of Hidalgo, 109 km north of
Mexico City, where it is used for irrigation purposes. The agricultural
potential of this area, the Mezquital Valley, used to be very poor
because of the semi-arid climate. However, the use since 1912 of
wastewater irrigation for agricultural production in this valley has
signi®cantly improved production yields. This area is now known as
the ``bread basket'' of the country, with more than 5,000 ha irrigated
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(GutieÂ rrez-Ruiz et al., 1995). Currently there is a decree that limits
the wastewater that can be delivered to the Mezquital Valley to a
maximum of 400 million m3/year. In spite of this, different sources
af®rm that the valley receives about 1,700 million m3/year and the
farmers have been promised that they will receive all the wastewater
originating in the Valley of Mexico (GutieÂ rrez-Ruiz et al., 1995).

Because of the salinity of the wastewater, its productivity is very
low. This is compensated for by over-irrigation. The main crops
grown in the Mezquital Valley are alfalfa and corn, which account for
60±80 per cent of the total cultivated area. The cultivation of vege-
tables that are consumed raw is forbidden by law, but the law is not
always followed (GutieÂ rrez-Ruiz et al., 1995). Another concern is the
in®ltration of contaminated water into the unlined channels, which is
why the open channels are to be replaced by pipes.

Irrigation with wastewater has been bene®cial because it has pro-
vided additional nutrients to the soil and crops and because it has also
supplied water to a semi-arid region. However, it poses a very high
risk to the health not just of the people who live and work in the
irrigation districts but also of consumers (National Research Council
et al., 1995; SEDUE, 1990).

The proposal to re-inject treated wastewater into the aquifer raised
some environmental and health concerns. At present, the EndhoÂ
Reservoir is completely covered with water hyacinths, with conse-
quent environmental and health risks to the population living nearby.
This is in addition to the overall health issues raised by irrigation with
raw wastewater. The farmers in Mezquital Valley are already worried
about the potential economic side-effects they may suffer if water is
re-injected into the aquifer. It would mean that they might not
receive the same quantity of water as they are receiving at present.
The quality of the water would also change, because the nutrient con-
tent of properly treated wastewater would be lower. This means the
farmers would have to increase their use of fertilizers, thus increasing
their production costs.

An aquifer recharge programme to reduce ¯ooding was started in
1943 through runoff retention, surface spreading, channel modi®ca-
tion, and in®ltration wells. An arti®cial recharge programme using
injection wells was initiated in Mexico City in 1953. However, the
quality of the water was not monitored, and wells had subsequently
to be closed as a result of contamination problems (National Research
Council et al., 1995). The future scenario is thus not very optimistic.
Before implementing any programme to inject treated wastewater
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into the aquifer of the Valley of Mexico, many precautions would be
necessary. Equally, current users of wastewater in the Mezquital
Valley need to be consulted properly. Otherwise it could contribute
to social con¯icts.

Other activities that reuse treated wastewater include the watering
of green areas for recreational activities, the irrigation of farmland,
and ®lling up lakes. This reuse amounts to about 4 m3/sec of treated
wastewater from Mexico City. In the State of Mexico, most of the
treated wastewater is reused in industry (UNAM, 1997). The gov-
ernment has given concessions for operating treatment plants to the
private sector, which is also considering potential users of the treated
wastewater (Departamento del Distrito Federal, 1991). The govern-
ment has also been promoting the use of more ef®cient water closets,
which could save more than 70 million litres/day. In addition, the
government of Mexico City has appropriated land to create more
green areas, thus contributing to aquifer recharge (Departamento del
Distrito Federal, 1991; UNAM, 1997).

Conclusions

Clearly the present approach to the management of the water supply
and wastewater in the Valley of Mexico is neither ef®cient nor sus-
tainable. In order to meet the needs of the population in the ZMCM
in terms of water quantity and quality, and simultaneously to main-
tain a proper balance between the people, natural resources, the en-
vironment, and health, it is necessary to develop and implement an
integrated management plan that explicitly considers the interests of
the different sectors as well as appropriate economic, social, techni-
cal, political, environmental, and institutional factors. The need for
public consultation and involvement in preparing and implementing
such a plan should not be underestimated.

The CNA has developed a plan that is currently under review. It is
known as the ``Project on Sanitation for the Valley of Mexico,'' which
is expected to comply with environmental policies by the year 2000.
The complexity of the problem in the ZMCM will eventually force
the authorities concerned to search beyond purely engineering solu-
tions and the construction of infrastructure without simultaneously
considering appropriate demand management strategies.

A Basin Council for the Valley of Mexico already exists, and it will
have to work with the representatives of the federal government,
governments from the states of Mexico and Hidalgo, the CNA, and
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other institutions associated with local decision-making in the area of
water planning and management. The institutions concerned will
have to realize that environmental and social issues are important
considerations when developing and implementing long-term strat-
egies for managing water supply and wastewater disposal. Realistic
policies and programmes on water use, reuse, and conservation will
have to be implemented within the next decade. Massive efforts will
be needed to enhance public awareness and understanding of the
seriousness of the water problem, and the role the public must play in
its resolution. Issues such as cost recovery and appropriate levels of
water pricing can no longer be ignored. For example, at the present
average price for water for domestic use in the State of Mexico of
about US$0.20/m3, it would take over 25 years to recover the invest-
ment in the Macrocircuit (CNA, 1997c).

The future of the ZMCM does not look very promising. Clearly
some hard decisions will have to be taken in the near future. It is no
longer a feasible long-term option continually to increase investment
in water supply and wastewater treatment in the ZMCM at the
expense of the people living in other parts of the country, or at the
expense of other types of social investment. The problem is com-
plex but, given the political will, it can be resolved. It will not be an
easy task, however.
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6

Wastewater management and
reuse in mega-cities

Takashi Asano

Introduction

Electricity, gas, water, sewer, and garbage collection services are tra-
ditionally provided by municipalities. The extent of direct municipal
involvement, however, often differs from one utility to another and
from one community to another, although relatively few cities gen-
erate electricity ± most municipalities that provide electrical services
purchase electricity and resell it to their customers. On the other
hand, many municipalities assume a more comprehensive and direct
role in the treatment and distribution of potable water and the col-
lection and treatment of wastewater.

In reviewing the problems of wastewater management in mega-
cities, the subject of this chapter, one notes that the socio-economic
conditions confronting developing countries in the twenty-®rst cen-
tury are overwhelming. The almost exponential growth in the number
of large cities with more than 5 million people has been reported: in
1950 there were 6 such cities, in 1980 there were 26 mega-cities; in the
year 2000, however, there may be 60; and by 2025 they are expected
to grow to 90. As a consequence, water problems will create escalat-
ing con¯icts between different parts of the urbanized area and its
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surroundings (Lindh, 1992) as well as mounting problems related to
wastewater treatment and disposal.

A water supply and a sanitation system are the primary infra-
structure needs of any community, particularly in mega-cities, play-
ing a key role in providing amenities to the people, protecting
the environment, and eliminating water-borne diseases. Thus, a well-
functioning urban drainage (sewerage) and wastewater treatment
system is the most effective solution to sewage and urban runoff
problems as well as to maintaining and enhancing healthy living con-
ditions in mega-cities.

Ultimately, after appropriate treatment, wastewater collected from
cities must be returned to the land or water. The complex question of
which contaminants in urban wastewater should be removed to pro-
tect the environment, to what extent, and where they should be
placed must be answered in light of an analysis of local conditions,
environmental risks, scienti®c knowledge, engineering judgement,
and economic feasibility. Providing these infrastructures is, however,
costly. For example, the total, 20-year capital cost to upgrade US
municipal sewerage systems is estimated to be US$110 billion (for the
design year of 2010 in 1990 dollars) according to the 1990 Needs
Survey Report to the Congress. The cost for constructing conven-
tional secondary (US$37.3 billion) and advanced (US$11.79 billion)
wastewater treatment systems totals US$49.0 billion (National Re-
search Council, 1993).

Given the escalating con¯icts in water resources development and
recognizing that complete sewerage construction will not be possible
in the foreseeable future, it is clear that wastewater reclamation and
reuse will play a central role in future long-term strategies for the
management of water resources and wastewater. Wastewater recla-
mation and reuse can serve several objectives. The most prominent
can be summarized as providing: (1) a water supply to displace the
need for other sources of water, (2) a cost-effective means for the
environmentally sound treatment and disposal of urban wastewater,
and (3) an incidental secondary bene®t from the disposal of waste-
water, primarily crop production by irrigation.

Reclaimed wastewater is, after all, a water resource developed
right on the doorstep of the urban environment where water re-
sources are needed the most and priced the highest. Furthermore,
reclaimed wastewater provides a reliable source of water even in
drought years because the generation of urban wastewater is little
affected by drought.

Wastewater management and reuse in mega-cities
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The role of wastewater reuse in mega-cities

Re¯ecting the experience and primary motivations in wastewater
reclamation and reuse in the United States, the emphasis of this
chapter will be on the ®rst and second objectives listed above, that is,
wastewater reuse planned as a water supply to offset alternative water
development and as a cost-effective means of municipal wastewater
pollution control.

Today, technically proven wastewater treatment or water puri®ca-
tion processes exist to provide water of almost any quality desired.
However, the effective integration of water and reclaimed wastewater
still requires close examination of public health issues, infrastructure
and facilities planning, wastewater treatment plant siting, treatment
process reliability, economic and ®nancial analyses, and water utility
management. Whether wastewater reuse can be implemented will
depend upon careful economic considerations, potential uses for the
reclaimed water, stringency of waste discharge requirements, public
health considerations, and public policy emphasizing water conser-
vation rather than the construction of new water resources facilities.

The inclusion of planned wastewater reclamation, recycling, and
reuse in water resource management systems re¯ects the increasing
scarcity of water sources to meet societal demands, technological ad-
vancement, public acceptance, and improved understanding of public
health risks. As the link between wastewater, reclaimed water, and
water reuse has become better understood, increasingly smaller re-
cycle loops can be developed. Traditionally, the hydrological cycle
has been used to represent the continuous transport of water in the
environment. The water cycle consists of fresh and saline surface water
resources, sub-surface groundwater, water associated with various
land-use functions, and atmospheric water vapour. Many sub-cycles
to the large-scale hydrological cycle exist, including the engineered
transport of water such as aqueducts.

In urban, industrial, and agricultural areas, wastewater reclama-
tion, recycling, and reuse have become signi®cant components of the
hydrological cycle. A conceptual overview of the cycling of water
from surface and groundwater resources to water treatment facilities,
to irrigation, municipal, and industrial applications, and to waste-
water reclamation and reuse facilities is shown in ®gure 6.1.

Water reuse may involve a completely controlled ``pipe-to-pipe''
system with an intermittent storage step, or it may include blending
of reclaimed water with natural water either directly in an engineered
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system or indirectly through surface water supplies or groundwater
recharge. The major pathways of water reuse are depicted in ®gure
6.1 and include groundwater recharge, irrigation, industrial use,
and surface water replenishment. Surface water replenishment and
groundwater recharge also occur through natural drainage and
through in®ltration of irrigation and stormwater runoff. The potential
use of reclaimed wastewater for potable water treatment is also
shown. The rate and quantity of water transferred via each pathway
depend on watershed characteristics, climatic and geohydrological
factors, the degree of water utilization for various purposes, and the
degree of direct or indirect water reuse (Asano and Levine, 1995;
Asano, 1998).

The water used or reused for agricultural and landscape irrigation
includes agricultural, residential, commercial, and municipal applica-
tions. Industrial reuse is a general category encompassing water use
for a diversity of industries that include power plants, food process-
ing, and other industries with high rates of water utilization. In some
cases, closed-loop recycling systems have been developed that treat
water from a single process stream and recycle the water back to the
same process with some additional make-up water. In other cases,
reclaimed municipal wastewater is used for industrial purposes such
as in cooling towers. Closed-loop systems are also under evaluation
for reclamation and reuse of water during long-duration space mis-

Fig. 6.1 The role of engineered treatment, reclamation, and reuse facilities in the
cycling of water through the hydrological cycle (Source: after Asano and Levine,
1995)
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sions by the National Aeronautics and Space Administration
(NASA).

Overview of wastewater reclamation technologies

The effective treatment of wastewater to meet water quality objec-
tives for water reuse applications and to protect public health is a
critical element of water reuse systems. Conventional municipal
wastewater treatment consists of a combination of physical, chemical,
and biological processes and operations to remove solids, organic
matter, pathogens, toxic metals, and sometimes nutrients from waste-
water. General terms used to describe different degrees of treatment,
in order of increasing treatment level, are preliminary, primary,
secondary, tertiary, and advanced treatment. A disinfection step for
the control of pathogenic organisms is often the ®nal treatment
step prior to distribution or storage of reclaimed wastewater. Waste-
water reclamation technologies are largely derived from applying
technologies used for conventional wastewater treatment and drink-
ing water treatment. The goal in designing a wastewater reclamation
and reuse system is to develop an integrated cost-effective treatment
scheme that is capable of reliably meeting water quality objectives.

To meet that goal, water quality characterization is necessary to
evaluate the biological and chemical safety of using reclaimed water
for various applications and the effectiveness and reliability of indi-
vidual treatment technologies. The water quality parameters that are
used to evaluate reclaimed wastewater are based on current practice
in water and wastewater treatment. A summary of relevant water
quality monitoring parameters is given in table 6.1. Municipal waste-
water treatment systems are typically designed to meet water quality
objectives based on biochemical oxygen demand (BOD5), total sus-
pended solids (TSS), total or faecal coliforms, nutrient levels (nitro-
gen and phosphorus), and chlorine residual. Potable water quality
monitoring parameters include micro-organisms such as coliforms,
turbidity, dissolved minerals, disinfection by-products, and speci®c
inorganic and organic contaminants. Recently, there has been
increased emphasis on developing monitoring tools for the detection
of microbial pathogens including Giardia lambia, Cryptosporidium
parvum, and enteric viruses in potable water supplies. Particle-size
analysis of wastewater contaminants has also been proposed as a
water quality monitoring tool.

Where wastewater is not treated to the secondary level (secondary
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treatment) and not effectively disinfected, the major health risk is
exposure to biological agents, including bacterial pathogens, hel-
minths, and protozoa. From a process control and public health per-
spective in wastewater reclamation and reuse, enteric viruses are the

Table 6.1 Summary of the major parameters used to characterize reclaimed waste-
water quality

Parameter

Signi®cance in
wastewater
reclamation

Approximate
range in treated
wastewater

Treatment
goal in
reclaimed
wastewatera

Organic indicators
BOD5 Organic substrate for

microbial or algal
growth

10±30 mg/litre <1±10 mg/litre

TOC Measure of organic
carbon

1±20 mg/litre <1±10 mg/litre

Measurement of particulate matter
Total suspended

solids (TSS)
Measure of particles in

wastewater can be
related to microbial
contamination and
turbidity; can inter-
fere with disinfection
effectiveness

<1±30 mg/litre <1±10 mg/litre

Turbidity Measure of particles in
wastewater; can be
correlated to TSS

1±30 NTU 0.1±10 NTU

Pathogenic
organisms

Measure of microbial
health risks due to
enteric viruses,
pathogenic bacteria,
and protozoa

Coliform organisms:
<1 to 104/100 ml

Other pathogens:
controlled by
treatment tech-
nology

<1±2,000/ml

Nutrients
Nitrogen Nutrient source for

irrigation; can also
contribute to
microbial growth

10±30 mg/litre <1±30 mg/litre

Phosphorus Nutrient source for
irrigation; can also
contribute to
microbial growth

0.1±30 mg/litre <1±20 mg/litre

a. Treatment goal depends on speci®c wastewater reuse application.
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most critical group of pathogenic organisms in the developed world
owing to the possibility of infection from exposure to low doses and
the lack of routine, cost-effective methods for the detection and
quanti®cation of viruses. In addition, treatment systems that can
remove enteric viruses effectively will be effective for the control of
the other pathogenic organisms listed above.

In the mid-1970s, concerns about pathogen removal, particularly
enteric viruses, from treated ef̄ uent discharged to ephemeral
streams in southern California prompted the adoption of conven-
tional water treatment processes as a tertiary wastewater treatment
system in both discharge to urban waterways and high-exposure water
reuse applications. To achieve essentially virus-free ef̄ uent, the ``full
treatment'' for wastewater reclamation stipulated by the California
Department of Health Services consisted of coagulation, ¯occulation,
sedimentation, ®ltration, and disinfection (with chemical doses of
approximately 150 mg/litre alum, 0.2 mg/litre polymer, and 10 mg/
litre chlorine). This process train is often referred to as the ``Title 22
process'' owing to its inclusion as the reference treatment train in
Title 22 of the California Code of Regulations, Wastewater Reclama-
tion Criteria (State of California, 1978).

Because the ``Title 22 process'' is costly (as shown in table 6.5
below), the ``direct ®ltration'' tertiary treatment system is now in
common use in California. This consists of granular-medium ®ltration
(with or without the addition of a small quantity of alum in the range
of 2±5 mg/litre) and chlorine disinfection (with approximately 10 mg/
litre chlorine dose and 1.5 hour contact time). Considerable efforts
have been directed to the development of tertiary treatment systems
alternative to ``Title 22 process,'' notably in the Pomona Virus Study
(Dryden et al., 1979) and the Monterey Wastewater Reclamation
Study for Agriculture (Sheikh et al., 1990). The ``direct ®ltration''
process has been found to be particularly suited as a tertiary treat-
ment system when good-quality secondary ef̄ uent is available. An
increasing number of water reuse facilities using a direct ®ltration
tertiary system have been constructed for water reuse applications
in the urban environment such as in parks, school yards, and golf
courses. More than 40 such tertiary ®lters are in use in California,
speci®cally installed for wastewater reclamation purposes (State of
California, 1990).

As noted above, the degree of treatment required in individual
water treatment and wastewater reclamation facilities varies accord-
ing to the speci®c reuse application and associated water quality
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requirements. The simplest treatment systems involve solid/liquid
separation processes and disinfection, whereas more complex treat-
ment systems involve combinations of physical, chemical, and bio-
logical processes employing multiple barrier treatment approaches
for contaminant removal. An overview of the major technologies that
are appropriate for wastewater reclamation and reuse systems is
given in table 6.2.

Wastewater reuse applications

To provide a framework for evaluating wastewater reuse, it is im-
portant to correlate major water use patterns with potential water
reuse applications. On the basis of water quantity, irrigation use
(consisting of both agricultural and landscape applications) is pro-
jected to account for 54 per cent of total freshwater withdrawals in
the United States by the year 2000. The second major user of
reclaimed water is industry, primarily for cooling and processing
needs. However, industrial uses vary greatly, and additional waste-
water treatment beyond secondary treatment is usually required.
Thus, the effective integration of wastewater reuse into water re-
source management is based on the quantity of water required for a
speci®c application and the associated water quality requirements.

Signi®cant regional and seasonal variations in water use patterns
exist. For example, in urban areas, industrial, commercial, and non-
potable urban water requirements account for the major water
demand. For agricultural applications in arid and semi-arid regions,
irrigation is the dominant component of water demand. Water
requirements for irrigation applications tend to vary seasonally,
whereas industrial water needs are more consistent. The feasibility of
water reuse for a given watershed is limited by the degree to which
reclaimed wastewater could augment existing water supplies through
substitution of water in commercial, industrial, and agricultural
applications.

An overview of the major categories of wastewater reuse is given
in table 6.3. These categories are arranged according to current and
projected volumes of reclaimed wastewater. Treatment goals are
based on ef̄ uent quality and the application of speci®c technologies.
For most applications, effective secondary treatment is a prerequisite
to the production of high-quality reclaimed water. The primary incen-
tives for the implementation of water reuse are related to the need
to augment water supplies or control water pollution in receiving
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Table 6.2 Overview of representative unit processes and operations used in waste-
water reclamation

Process Description Application

Solid/liquid separation
Sedimentation Gravity sedimentation of

particulate matter,
chemical ¯oc, and
precipitates from
suspension by gravity
settling

Removal of particles from
wastewater that are
larger than about 30 mm.
Typically used as
primary treatment and
downstream of
secondary biological
processes

Filtration Particle removal by
passing water through
sand or other porous
medium

Removal of particles from
wastewater that are
larger than about 3 mm.
Typically used down-
stream of sedimentation
(conventional treatment)
or following coagulation/
¯occulation

Biological treatment
Aerobic biological

treatment
Biological metabolism of

wastewater by micro-
organisms in an aeration
basin or bio®lm
(trickling ®lter) process.

Removal of dissolved and
suspended organic
matter from wastewater

Oxidation pond Ponds with 2±3 feet of
water depth for mixing
and sunlight penetration

Reduction of suspended
solids, BOD, pathogenic
bacteria, and ammonia in
wastewater

Biological nutrient
removal

Combination of aerobic,
anoxic, and anaerobic
processes to optimize
conversion of organic
and ammonia nitrogen
to molecular nitrogen
(N2) and removal of
phosphorus

Reduction of nutrient
content of reclaimed
wastewater

Disinfection The inactivation of
pathogenic organisms
using oxidizing
chemicals, ultraviolet
light, caustic chemicals,
heat, or physical
separation processes
(e.g. membranes)

Protection of public health
by removal of pathogenic
organisms
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waters. By reducing the quantity of treated wastewater discharged to
surface waters, ef̄ uent requirements tend to be more favourable,
particularly with respect to nutrient removal. Thus, water reuse is
becoming an economic alternative for treatment facilities discharging
into ecologically sensitive streams and estuaries.

Table 6.2 (cont.)

Process Description Application

Advanced treatment
Activated carbon Process by which contami-

nants are physically
adsorbed onto the
surface of activated
carbon

Removal of hydrophobic
organic compounds

Air stripping Transfer of ammonia and
other volatile constitu-
ents from water to air

Removal of ammonia
nitrogen and some
volatile organics from
wastewater

Ion exchange Exchange of ions between
an exchange resin and
water using a ¯ow-
through reactor

Effective for removal of
cations such as calcium,
magnesium, iron, and
ammonium, and anions
such as nitrate

Chemical coagulation
and precipitation

Use of aluminium or iron
salts, polyelectrolytes,
and/or ozone to pro-
mote destabilization of
colloidal particles from
reclaimed wastewater
and precipitation of
phosphorus

Formation of phosphorus
precipitates and
¯occulation of particles
for removal by
sedimentation and
®ltration

Lime treatment The use of lime to
precipitate cations and
metals from solution

Used to reduce scale-
forming potential of
water, precipitate
phosphorus, and modify
pH

Membrane ®ltration Micro®ltration, nano-
®ltration, and
ultra®ltration

Removal of particles and
micro-organisms from
water

Reverse osmosis Membrane system to
separate ions from
solution based on
reversing osmotic
pressure differentials

Removal of dissolved salts
and minerals from
solution; also effective
for pathogen removal
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Table 6.3 Categories of municipal wastewater reuse

Category of
wastewater reuse Treatment goals Example applications

Urban use
Unrestricted Secondary, ®ltration,

disinfection
BOD5:U10 mg/litre;

turbidity:U2 NTU
Faecal coliform: NDa/

100 ml
Cl2 residual: 1 mg/litre;

pH 6±9

Landscape irrigation: parks,
playgrounds, school yards

Fire protection; construction
Ornamental fountains;

impoundments;
In-building uses: toilet

¯ushing, air conditioning

Restricted access
irrigation

Secondary and
disinfection

BOD5:U30 mg/litre;
TSS:U30 mg/litre

Faecal coliform: U200/
100 ml

Cl2 residual: 1 mg/litre;
pH 6±9

Irrigation of areas where
public access is infrequent
and controlled

Golf courses; cemeteries;
Residential; green belts

Agricultural irrigation
Food crops Secondary, ®ltration,

disinfection
BOD5: U10 mg/litre;

turbidity:U2 NTU
Faecal coliform: ND/

100 ml
Cl2 residual: 1 mg/litre;

pH 6±9

Crops grown for human
consumption and consumed
uncooked

Non-food crops and
food crops consumed
after processing

Secondary, disinfection
BOD5: U30 mg/litre;

TSS: U30 mg/litre
Faecal coliform: U200/

100 ml
Cl2 residual: 1 mg/litre;

pH 6±9

Fodder, ®bre, seed crops,
pastures, commercial
nurseries, sod farms,
commercial aquaculture

Recreational use
Unrestricted Secondary, ®ltration,

disinfection
BOD5: U10 mg/litre;

turbidity: U2 NTU
Faecal coliform: ND/

100 ml
Cl2 residual: 1 mg/litre;

pH 6±9

No limitations on body
contact: lakes and ponds
used for swimming,
snowmaking
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The increased implementation of wastewater reuse projects in vari-
ous regions has facilitated the evolution of new water reuse alter-
natives. As treatment systems and applications are tested and design
parameters are developed, technical barriers to wastewater reuse are
reduced. Geographical, climatic, and economic factors dictate the
degree and form of wastewater reclamation and reuse in different
regions. In agricultural regions, irrigation is a dominant reuse appli-
cation. In arid regions, such as California and Arizona, groundwater
recharge is a major reuse objective either to replenish existing
groundwater resources or to mitigate salt water intrusion in coastal

Table 6.3 (cont.)

Category of
wastewater reuse Treatment goals Example applications

Restricted Secondary, disinfection
BOD5: U30 mg/litre;

TSS: U30 mg/litre
Faecal coliform: U200/

100 ml
Cl2 residual: 1 mg/litre;

pH 6±9

Fishing, boating, and other
non-contact recreational
activities

Environmental
enhancement

Site-speci®c treatment
levels comparable to
unrestricted urban
uses

Dissolved oxygen; pH
Coliform organisms;

nutrients

Use of reclaimed wastewater
to create arti®cial wetlands,
enhance natural wetlands,
and sustain stream ¯ows

Groundwater recharge Site speci®c Groundwater replenishment
Salt water intrusion control
Subsidence control

Industrial reuse Secondary and
disinfection

BOD5:U30 mg/litre;
TSS:U30 mg/litre

Faecal coliform:U200/
100 ml

Cooling system make-up
water, process waters, boiler
feed water, construction
activities and washdown
waters

Potable reuse Safe Drinking Water
Requirements

Blending with municipal water
supply

Pipe to pipe supply

Source: Adapted from US Environmental Protection Agency (1992).
a. ND � not detected.
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areas. Industrial reuse of water varies with industries and locations.
In contrast to the arid or semi-arid regions of the world where irri-
gation comprises a major bene®cial use of reclaimed wastewater,
wastewater reuse in Japan is dominated by non-potable urban uses
such as toilet ¯ushing, industrial use, and stream restoration and ¯ow
augmentation.

In Japan, several factors have contributed to increased implemen-
tation of wastewater reclamation and reuse. The vulnerability of the
freshwater supply during drought years or in the aftermath of earth-
quakes or other catastrophic events has become evident in recent
years. To increase the dependability and capacity of water resources
throughout Japan, the government instituted a multi-faceted pro-
gramme including the development of new water supply reservoirs,
implementation of water conservation measures in large metropoli-
tan areas, and wastewater reclamation and reuse where practical.

A comparison of water reuse applications for two locations in the
United States (Florida and California) and for Japan is given in ®gure
6.2. The speci®c applications re¯ect the water balance associated with
each region and other local conditions. Agricultural and landscape
irrigation, groundwater recharge, and industrial reuse account for the
majority of wastewater reuse in the United States.

Fig. 6.2 Comparison of the distribution of reclaimed water applications in California,
Florida, and Japan (Source: adapted from Asano et al., 1996; Wright and Missimer,
1995)
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Health and regulatory requirements

The potential health risks associated with wastewater reclamation
and reuse are related to the extent of direct exposure to the reclaimed
water and the adequacy, effectiveness, and reliability of the treatment
system. The goal of each water reuse project is to protect public
health without unnecessarily discouraging wastewater reclamation
and reuse. Regulatory approaches stipulate water quality standards
in conjunction with requirements for treatment, sampling, and mon-
itoring. To minimize health risks and aesthetic problems, tight con-
trols are imposed on the delivery and use of reclaimed water after
it leaves the wastewater treatment facility. Since major issues sur-
rounding wastewater reclamation and reuse are often related to pos-
sible disease transmission, considerable research efforts have been
directed towards protection of public health.

The speci®c criteria for wastewater reclamation in the United
States are developed by individual states, often in conjunction with
regulations on land treatment and disposal of wastewater (US Envi-
ronmental Protection Agency, 1992). Some of the major differences
among the approaches taken by individual states are associated with
the degree of speci®city provided in the rules. Also, some discrep-
ancies exist from place to place in terms of monitoring and treatment
requirements. For example, the state of California bases microbial
water quality assessment on total coliform, whereas many other states
require faecal coliform testing. The state of Arizona's wastewater
reuse regulations contain enteric virus limits for the most stringent
reclaimed water applications such as spray irrigation of food crops.
The state of Florida requires monitoring of total suspended solids,
instead of turbidity. California, Idaho, and Colorado criteria all stip-
ulate requirements for wastewater treatment trains that include sec-
ondary treatment followed by coagulation, ¯occulation, clari®cation,
®ltration, and disinfection, or equivalent treatment, whereas other
states have criteria that are less speci®c. Arizona, California, Florida,
and Texas have comprehensive requirements according to the end
use of the water (US Environmental Protection Agency, 1992).

In developing countries, the water quality criteria for using
reclaimed water re¯ect a complex balance between protection of
public health and the limited ®nancial resources available for public
works and other health delivery systems. In many cases, engineered
sewage collection systems and wastewater treatment are limited, and
reclaimed wastewater often provides an essential water resource and
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fertilizer source, as in the Valley of Mexico. A major concern for the
use of wastewater for irrigation is control of enteric helminths such as
hookworm, Ascaris, Trichuris, and, in certain circumstances, the beef
tapeworm. In this context, it is necessary to provide protection from
exposure to pathogens as a result of consuming crops irrigated with
untreated or partially treated wastewater.

The degree of treatment required and the extent of monitoring
necessary depend on the speci®c application. In general, irrigation
systems are categorized according to the potential degree of human
exposure. A higher degree of treatment is required for the irrigation
of crops that are consumed uncooked, or the use of reclaimed water
for irrigation of locations that are likely to have frequent human
contact. To illustrate alternative regulatory practices governing the
use of reclaimed wastewater for irrigation, the major microbiological
quality guidelines from the World Health Organization (World Health
Organization, 1989) and the state of California's current Wastewater
Reclamation Criteria (State of California, 1978) are compared in table
6.4.

The WHO guidelines, which may be applicable to developing
countries, emphasize that a series of stabilization ponds is necessary
to meet microbial water quality requirements. In contrast, the Cali-
fornia criteria stipulate conventional biological wastewater treatment
followed by tertiary treatment including ®ltration and chlorine dis-
infection to produce ef¯uent that is virtually pathogen free. Micro-
biological monitoring requirements also vary. The WHO guidelines
require monitoring of intestinal nematodes, whereas the California
criteria rely on treatment systems and monitoring of the total coli-
form density for assessment of microbiological quality.

The cost of wastewater reuse

Reported wastewater reclamation costs range widely from US$0.03
to US$0.65 per m3 in the total cost in the United States. It is there-
fore important in comparing costs that differences in assumptions and
factors associated with the allocation of costs to wastewater reclama-
tion and reuse be correctly understood. Although costs associated
with secondary treatment of wastewater are often considered to be
water pollution control costs, they serve as a baseline cost for com-
parison with tertiary and/or advanced treatment facilities. A con-
struction cost breakdown for various treatment processes within a
secondary treatment system is estimated on the basis of 3,785 m3/day,
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whose total capital cost amounted to approximately US$0.50/m3:
primary treatment, 24 per cent; secondary treatment, 40 per cent;
sludge treatment, 22 per cent; and control, laboratory, and mainte-
nance buildings, 14 per cent.

To estimate the cost of a tertiary treatment system, several sources
were used from the published literature (Sanitation Districts of Los
Angeles County, 1977; Dames & Moore, 1978; Engineering-Science,

Table 6.4 Comparison of the World Health Organization's microbiological quality
guidelines and criteria for irrigation and the state of California's current wastewater
reclamation criteria

Category Reuse conditions
Intestinal
nematodesa

Faecal or total
coliformsb

Wastewater
treatment
requirements

WHO Irrigation of crops
likely to be eaten
uncooked, sports
®elds, public
parks

<1/litre <1,000/100 ml A series of
stabilization
ponds or
equivalent
treatment

WHO Landscape irrigation
where there is
public access, such
as hotels

<1/litre <200/100 ml Secondary
treatment
followed by
disinfection

Calif. Spray and surface
irrigation of food
crops, high
exposure land-
scape irrigation
such as parks

No standard
recom-
mended

<2.2/100 ml Secondary
treatment
followed by
®ltration
and disin-
fection

WHO Irrigation of cereal
crops, industrial
crops, fodder
crops, pasture,
and trees

<1/litre No standard
recom-
mended

Stabilization
ponds with
8±10-day
retention or
equivalent
removal

Calif. Irrigation of pasture
for milking
animals, landscape
impoundment

No standard
recom-
mended

<23/100 ml Secondary
treatment
followed by
disinfection

Sources: World Health Organization (1989); State of California (1978).
a. Intestinal nematodes (Ascaris and Trichuris species and hookworms) are expressed as the

arithmetic mean number of eggs per litre during the irrigation period.
b. California Wastewater Reclamation Criteria are expressed as the median number of total

coliforms per 100 ml, as determined from the bacteriological results of the previous seven
days for which analyses have been completed.
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1987; Young et al., 1988). Costs for both the ``Title 22'' process and
the direct ®ltration process were estimated and are shown in table
6.5. The cost breakdown in one instance indicated that incremental
tertiary treatment costs (chemical addition, ®ltration, solids treat-
ment) were only US$0.06/m3 while distribution costs, administrative
charges (accounting, monitoring, overheads), and replacement re-
serve fees were US$0.12/m3, US$0.04/m3, and US$0.04/m3, respec-

Table 6.5 Comparison of tertiary treatment costs for water reuse

Life-cycle costsa

Title 22 Direct ®ltration
Data source and plant ¯ow US$/m3 US$/m3

Pomona virus studyb

3,785 m3/day 0.16 0.09

EPA cost estimation methodc

3,785 m3/day 0.23 0.15

City of Santa Barbara, CAd

5,262 m3/daye ± 0.21
17,034 m3/dayf ± 0.10

South Coast County Water District, CAd

2,915 m3/dayg ± 0.42
9,880 m3/dayh ± 0.14

Irvine Ranch Water District
56,781 m3/day ± 0.09

Los Angeles County Sanitation Districts
(average of 4 treatment plants)

96,528 m3/day ± 0.03

Monterey Regional Water Pollution
Control Agencyi

113,562 m3/day 0.16 0.06

a. Costs adjusted to March 1993, using the Engineering News-Record Construction Cost Index
(ENR CCI) of 5,106 for 20 US cities average. Reported costs include capital and O&M costs
for tertiary processes only.

b. Costs include design and contingencies.
c. Costs include facilities planning, design, administrative and legal costs.
d. Costs include design, administrative, legal, and contingencies costs.
e. Cost for seasonal operation for landscape irrigation at 5,262 m3/day average annual ¯ow.
f. Cost for continuous operation at the design capacity of 17,034 m3/day.
g. Cost for seasonal operation for landscape irrigation at 2,915 m3/day.
h. Cost for continuous operation at the design capacity of 9,880 m3/day.
i. Cost estimates based on Engineering-Science (1987) adjusted to October 1990 dollars.

Wastewater management and reuse in mega-cities

151



tively. The critical importance represented by labour and energy
costs in the water reuse system is noted (Young et al., 1988). The ra-
tios of tertiary treatment costs for the ``Title 22'' treatment train to
the direct ®ltration train range from 2.0 to 2.4 for capital costs, 3.9 to
5.6 for operation and maintenance (O&M) costs, and 2.4 to 2.9 for
life-cycle costs for treatment capacities ranging from 3,785 m3/day to
37,854 m3/day (Richard et al., 1990).

However, there is a danger in comparing cost data from different
studies and locations because of differing underlying assumptions,
which often are not explicitly stated. As seen from the data in table
6.5, costs are signi®cantly affected by the fraction of utilization of a
facility over the course of a year. Economic assumptions about useful
life and interest rates affect the amortization of capital costs em-
bedded in unit costs. Reported costs may represent current expenses
for old facilities and not re¯ect costs to construct those facilities at
today's prices, as seen in Irvine Ranch Water District in California.

One factor that appears to affect costs signi®cantly is the degree of
utilization of available capacity in the treatment plant. Maximum
utilization can be achieved by: (1) seasonal storage of ef̄ uent to
compensate for seasonal slack in water reuse demand, (2) obtaining a
mix of reclaimed water uses to reduce seasonal demand, or (3) using
alternative water supplies to meet peak demand.

The future of water reuse

Signi®cant progress has been made with respect to developing sound
technical approaches to producing a high-quality and reliable water
source from reclaimed wastewater. Continued research and demon-
stration efforts will result in additional progress in the development
of water reuse applications. Some key topics include: assessment of
health risks associated with trace contaminants in reclaimed water;
improved monitoring techniques to evaluate microbiological quality;
optimization of treatment trains; improved removal of wastewater
particles to increase disinfection effectiveness; the application of
membrane processes in the production of reclaimed water; the effect
of reclaimed water storage systems on water quality; evaluation of
the fate of microbiological, chemical, and organic contaminants in
reclaimed water; and the long-term sustainability of soil and aquifer
treatment systems.

A key to promoting the implementation of water reuse is the con-
tinued development of cost-effective treatment systems. One such
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system is a series of smaller satellite treatment systems upstream
from the major regional treatment facilities. Emerging advanced
treatment technologies such as membrane systems can be used to
produce reclaimed water of almost any quality to ®t the required
application.

To date, however, the major emphasis in wastewater reclamation
and reuse has been on non-potable applications such as agricultural
and landscape irrigation, industrial cooling, and in-building appli-
cations such as toilet ¯ushing. Although direct potable reuse of
reclaimed municipal wastewater is, at present, limited to extreme sit-
uations, it has been argued that the practice is no different from
withdrawing raw water from a polluted water source for the domestic
water supply. It is further argued that there should be a single water
quality standard for potable water. If reclaimed water can meet this
standard, it should be acceptable regardless of the source of the water.
Although indirect potable reuse through groundwater recharge or
surface water augmentation has gained support, some concerns still
remain regarding trace organics, treatment and reuse reliability, and,
particularly, public acceptance.

Considering that modern wastewater reclamation and reuse started
in the 1960s, remarkable progress has been made. A cautious and
judicious approach is warranted to avoid potential health con-
sequences if a wastewater reuse project is not successful. In addition,
the importance of public con®dence cannot be underestimated. It is
clear that reclaimed wastewater is a viable water resource. Continued
research and development will provide a sound scienti®c basis for
crossing the threshold to direct potable reuse, when necessary. As
technology continues to advance and the reliability of wastewater
reuse systems is demonstrated, applications for wastewater reclama-
tion, recycling, and reuse will continue to expand and become a vital
element in integrated water resources management in mega-cities in
the twenty-®rst century.

Summary and conclusions

The successful implementation of wastewater reuse options in a
water resources management programme requires careful planning,
economic and ®nancial analyses, and the effective design, operation,
and management of wastewater reclamation, storage, and distribu-
tion facilities. Technologies for wastewater reclamation and puri®-
cation have developed to the point where it is technically feasible
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to produce water of almost any quality, and advances continue to
be made. Current water reclamation strategies incorporate multiple
measures to minimize the health and environmental risks associated
with various reuse applications.

A combination of source control, advanced treatment process ¯ow
schemes, and other engineering controls provides a sound basis for
increased implementation of water reuse applications. The feasibility
of producing reclaimed water of a speci®ed quality to ful®l multiple
water use objectives is now a reality owing to the progressive evolu-
tion of technologies and the understanding of health and environ-
mental risks. However, the ultimate decision to harvest reclaimed
wastewater is dependent on economic, regulatory, and public policy
factors re¯ecting the demand and need for a dependable water sup-
ply and water pollution control facing the mega-cities.

Through integrated water reuse planning, as discussed in this
chapter, the use of reclaimed wastewater will provide suf®cient ¯exi-
bility to allow a water agency to satisfy short-term needs as well as to
increase water supply reliability. With an increasing emphasis on the
planning and implementation of wastewater reclamation and reuse
facilities, accurate cost data are essential. Thus, cost information was
presented, although there are signi®cant variations in wastewater
reclamation and reuse costs. Although droughts often underscore the
need for wastewater reclamation and reuse, wastewater reuse is by no
means a water resources management alternative for drought years
only. It should be considered an integral and permanent part of water
resources planning in the future.
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7

The role of the private sector
in the provision of water and
wastewater services in urban
areas

Walter Stottmann

Introduction

The present situation of the water and sanitation sector

Governments around the world are facing a great challenge in
improving access to good-quality, reasonably priced water and sani-
tation services for their citizens. Today, over 1 billion people are
without safe water, almost 2 billion lack adequate sanitation, and the
waste of over 4 billion is discharged with inadequate or no treatment.
The most severe problems exist in low-income countries, where only
about 60 per cent of the population has access to a public water
supply and only 40 per cent to adequate sanitation. Even those with
access suffer from poor and unreliable service. The huge task of
treating municipal wastewater has barely begun in middle- and low-
income countries. The present crisis is exacerbated by the fact that
large portions of the existing water and sanitation infrastructure need
to be rehabilitated or replaced. As urban populations continue to
grow relentlessly, particularly in low-income countries, water and
wastewater infrastructure has to be provided to an ever-growing
number of people. Population forecasts indicate that over the next
25 years the world's population will increase in the order of 40±50
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per cent. That means that by 2025 an additional 2.5 billion people will
need to be provided with water and sanitation services. Much of these
investments will focus on providing better services in the world's
rapidly growing large metropolitan conglomerations. By the year
2010 there will be more than 30 mega-cities with more than 10 million
inhabitants. The challenge is indeed staggering. It is estimated that
low- and medium-income countries alone may have to spend up to
1 per cent of their gross domestic product to rise to the challenge.
This translates into resource needs in the order of US$50 billion per
year.

Mobilizing these resources and investing them cost-effectively will
require fundamental changes to current sector development policies
and the way water and wastewater infrastructure is managed. In
particular it will require policy changes, incentives, and extensive
capacity-building to encourage the emergence of better-managed and
more ef®cient sectoral institutions on all levels capable of operating
systems more effectively and making more cost-effective investment
decisions. All too many water and wastewater institutions today run
systems in a less than optimal way. A World Bank review of more
than 120 public sector water projects completed over the past 20
years found that only some 3 per cent of the participating water and
wastewater utilities were operating at acceptable levels of perfor-
mance. Unaccounted for water, an indicator of system leakage and
unauthorized or unrecorded withdrawal of water, was found to be in
the range of 40±60 per cent compared with an acceptable industry
standard of 10±20 per cent. It is estimated that operational inef®-
ciencies of utilities in low- and middle-income countries may add cost
on the order of US$10 billion per year. Clearly, demand management
to reduce consumption and conserve precious and dwindling water
resources and ef®ciency improvements to combat the waste of water
by leakage and to make networks and plants work better while con-
suming fewer chemicals and less energy will be the most important
tasks in the future. Capital investments must be planned more care-
fully than in the past. Too often new investments stress the creation
of new capacity, whereas rehabilitating and making existing systems
more ef®cient might at least initially provide more cost-effective
solutions.

Technical inef®ciencies are mirrored by poor management and low
productivity at the great majority of municipal water and wastewater
utilities. Public utilities tend to be severely overstaffed, with ®ve to
seven times as many employees per connection than best industry
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practice. Antiquated management techniques and administrative sys-
tems run by often poorly trained and motivated managers and staff
are problems common to most water utilities. Another major prob-
lem facing the sector is restrictive pricing policies defended by gov-
ernments interested in short-term political gain rather than facing up
to the long-term challenge of providing adequate services to their
people. Massive under-pricing and failure to collect tariffs effectively
do not allow many utilities to raise the ®nancial resources needed for
maintaining and operating water and wastewater systems adequately
and prevent the generation of much-needed funds for investing in
system rehabilitation and expansion. At the same time, severe ®scal
constraints and budgetary pressures in most countries place limits on
the contributions that public budgets can make for the water and
wastewater sector. Without revising ill-considered and short-sighted
cost recovery policies, many countries will not be able to raise
enough resources for adequate maintenance and operation of exist-
ing assets and certainly not for the immense investment needs of the
future. At the same time, improving the human capacity and tech-
niques to manage water and wastewater utilities better, operate net-
works and plants more ef®ciently, and plan and select investments
more cost-effectively will have to be a most important part of the
future development effort to ensure that the scarce resources that can
be generated for the sector will be employed as ef®ciently as possible.
There is wide agreement in the international development commu-
nity that tackling the enormous and ever-growing need for improved
and expanded services in many countries will require a radical
rethinking of present sector development policies. Old approaches
and policies based on the public sector alone will not be able to pro-
vide the know-how or the resources to address the urgent problems
facing the sector.

The private sector ± part of the solution

Realizing the limits on the capacity of the public sector, governments
throughout the world, including those in the developing countries of
Asia, Africa, and Latin America, are increasingly looking towards the
private sector to leverage the ®nancial and managerial capacities
of the state. Over the past decade, several large cities in low- and
middle-income countries have decided to turn to the private sector.
Prominent examples include Buenos Aires in Argentina; Abidjan in
CoÃ te d'Ivoire; Manila in the Philippines; Dakar in Senegal; Djakarta
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in Indonesia; and other secondary cities in CoÃ te d'Ivoire and Senegal.
These cities turned to the private sector with one or more of the fol-
lowing objectives in mind: (1) to acquire technical and managerial
expertise and better technologies to improve economic ef®ciency in
both operating performance and the use of capital investment; (2) to
inject investment capital into the sector or gain access to private
capital markets; (3) to insulate the sector from short-term political
intervention in utility operations and limit opportunities for inter-
vention by powerful interest groups; (4) to turn around or restructure
failing public enterprises

The role of the private sector in the provision of water and waste-
water theories is not new. In market economies, the private sector
traditionally has played an important role as contractor or consultant
and supplier of equipment and services. Less frequent, although not
at all uncommon, is the direct involvement of the private sector in the
management and operation of water and wastewater utilities and in
providing ®nance for investments. The private sector has been a
partner for decades in many parts of the world. In the United States
of America, some 20 per cent of the population is served by privately
managed utilities. In Europe, the involvement of the private sector
dates back to the nineteenth century. In France, about 75 per cent of
all urban water connections are operated by private ®rms under man-
agement contracts, leases, or concessions. Even in some low- and
middle-income countries, the notion of private sector involvement has
been there for quite some time. In a number of cities ± Barranquilla
in Colombia, and Alexandria in Egypt, for example ± water and
wastewater utilities were initially founded in the 1920s and 1930s as
private enterprises, only to be nationalized and turned into public
enterprises in the 1950s.

Over the past decade, multilateral development institutions con-
cerned with the development of public infrastructure such as the
World Bank, its af®liate the International Finance Corporation, and
the European Bank for Reconstruction and Development (EBRD)
have adopted policies encouraging private involvement in the sector.
This policy shift has its origin in the generally disappointing perfor-
mance of the public sector and mounting evidence that the private
sector can indeed be instrumental in helping the sector develop more
ef®ciently in the future. A recent World Bank study con®rms that, in
a number of projects, private enterprise has been associated with
substantial bene®ts to consumers in terms of expanded coverage and
quality of service as well as signi®cant improvements in operational
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ef®ciency. In fact many practitioners in the development community
have come to the conclusion that the challenge of the future cannot
be tackled without the involvement of the private sector.

In spite of the recent growth of private sector participation in the
sector, decision-makers in many countries remain highly sceptical
about private involvement. This reluctance may have its origin in
historical traditions, as is clearly the case in the transition countries of
Central and Eastern Europe. In other countries, decision-makers ®nd
it dif®cult to reconcile private sector involvement with the long-held
notion of water as a social good. In other countries, political leaders
accustomed to use public enterprises for their own political purposes
are not willing to relinquish control. Perhaps the most common de-
nominator for the rejection of private involvement is lack of know-
ledge and misunderstanding about the potential role of the private
sector and how public and private partners can build partnerships
that are bene®cial to both. The purpose of this paper is to rectify
some of the misconceptions of the role of private enterprise in the
sector and outline the conditions under which the private sector could
play an instrumental part in the development of the water and
wastewater sector. It will describe the various ways in which the pri-
vate sector can get involved and how to go about planning and
forming lasting public/private partnerships.

Options for private participation in municipal water and
wastewater

The involvement of the private sector in municipal water and sanita-
tion can take many different forms. The main options for private
sector participation can be distinguished by how they allocate re-
sponsibility for such functions as asset ownership and capital invest-
ment between the public and private sectors (table 7.1). They are
distinguished in the assignment of risks and responsibilities between
the public, represented by government, and the private operator or
investor. A description of the main characteristics of these options
follows. Table 7.2 gives some examples of the various types of private
sector participation in place in water and sanitation.

Service contracts

Under service contracts, a private sector ®rm is contracted to perform
speci®c discrete tasks, for example installing or reading meters,
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repairing pipes, or collecting accounts. They are contracted for short
periods, typically from six months to two years. The main bene®t of
service contracts is that they allow the public utility to tap private
sector expertise for speci®c tasks and open these tasks to competi-
tion. Service contracts are widely used. In India, for example, the
Madras Water Enterprise has contracted services ranging from the
management of its vehicle ¯eet to the operation and maintenance of
sewage pumping stations. The water utility in Santiago in Chile has
contracted out services accounting for about half its operating bud-

Table 7.1 Allocation of key responsibilities for private participation options

Option
Asset
ownership

Operations
and main-
tenance

Capital
investment

Commer-
cial risk

Contract
duration

Service
contract

Public Public and
private

Public Public 1±2 years

Management
contract

Public Private Public Public 3±5 years

Lease Public Private Public Shared 8±15 years
Concession Public Private Private Private 25±30 years
BOT/BOO Private and

public
Private Private Private 20±30 years

Divestiture Private, or
private
and
public

Private Private Private Inde®nite
(may be
limited by
licence)

Table 7.2 Some private sector contracts in place in water and sanitation

Option Water Sanitation
Water and
sanitation

Manage-
ment
or service
contract

Colombia, Gaza, Malaysia,
Turkey

United States Puerto Rico,
Trinidad and
Tobago

Lease France, Guinea, Italy,
Senegal, Spain, Germany

Czech Republic,
France, Poland

Concession CoÃ te d'Ivoire, France,
Macao, Malaysia, Spain

Malaysia Argentina, France

BOT Australia, China, Malaysia,
Thailand

Chile, Mexico,
New Zealand

Divestiture England and Wales England and Wales
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get, including computer management, engineering, and repair, main-
tenance, and rehabilitation of the water and sewerage network. To
enhance competition, the Santiago utility has at least two service
contracts for each kind of task.

Although relatively simple, service contracts must be carefully
speci®ed and monitored. If a utility is poorly managed, its service
contracts probably will be too. Service contracts are at best a cost-
effective way to meet special technical needs for a utility that is al-
ready well managed and commercially viable. They cannot substitute
for reform in a utility plagued by inef®cient management and poor
cost recovery.

Management contracts

Management contracts transfer responsibility for the operation and
maintenance of the entire water and/or wastewater systems to a pri-
vate sector operator for a period of generally three to ®ve years. In its
simplest form, the management contract provides for a ®xed fee for
reimbursing the contractor for its services. More sophisticated man-
agement contracts introduce incentives for ef®ciency, by de®ning per-
formance targets and basing remuneration at least in part on meeting
these targets. Specifying clear and indisputable targets, however, is
often dif®cult, especially when information about a system's current
performance is limited. Because management contracts leave all re-
sponsibility for investment with the government, they are not a good
option if a government seeks to access ®nance for new investments.

Management contracts are most useful where the main objective is
rapidly to enhance a utility's technical capacity and ef®ciency and
strengthen its management and operation. They are a good ®rst step
toward more full-¯edged private sector involvement where con-
ditions make it dif®cult for the government to commit to a long-term
arrangement initially or the private sector is not prepared to under-
take capital investment or accept commercial or political risk. A
management contract might be the best arrangement in a city where
tariff income is too low or too uncertain to support a private contract
on tariff revenue. The management contract is an ideal initial short-
term arrangement that can lead to immediate ef®ciency improve-
ments while giving the government the time to improve the political,
technical, and ®nancial base of the utility for a more advanced private
sector arrangement such as a lease or concession. This was the
approach adopted in Mexico City and in Trinidad and Tobago, where
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management contracts were signed with the understanding that more
advanced arrangements were to follow in the future.

Leases

Under a lease arrangement, a private ®rm leases the assets of a utility
from the government and takes on the responsibility for operating
and maintaining them. Because the private ®rm, as lessor, in effect
buys the rights to the income stream from the utility's operations,
minus the lease payment, it assumes much of the commercial risk of
the operations. Under a well-structured contract, the lessor's pro®t-
ability will depend on how much it can reduce costs while still meet-
ing the quality standards set out in the lease contract. A lease thus
has built-in incentives for improving operating ef®ciency. Leases
leave the responsibility for ®nancing and planning investments with
the government. If major new investments are needed, the govern-
ment must raise the ®nance and coordinate its investment programme
with the lessor's operational and commercial programme.

Leases are most appropriate where there is scope for large gains in
operating ef®ciency but only limited need or scope for new invest-
ments. Leases have also sometimes been advocated as stepping
stones toward more full-¯edged private sector involvement ± a con-
cession, for example. Their administrative complexity and their need
for sustained government commitment are nearly as demanding as for
more advanced private participation options ± concessions, for exam-
ple. ``Pure'' leases are rare, however. Most place some responsibility for
investment on the private partner, if only for rehabilitation works.
These contracts operate as a hybrid between a lease and a concession
contract. Leases have been widely used in France and Spain and are
currently in place in the Czech Republic, Guinea, and Senegal. They
were also used in the CoÃ te d'Ivoire until replaced by a concession.

Concessions

A concession gives the private partner responsibility not only for the
operation and maintenance of a utility's assets but also for invest-
ments. Asset ownership remains with the government, however, and
full use rights to all the assets, including those created by the private
partner, revert to the government when the contract ends ± usually
after 25±30 years. Concessions are usually bid by price: the bidder
that proposes to operate the utility and meet the investment targets
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for the lowest tariff wins the concession. The concession is governed
by a contract that sets out such conditions as: performance targets
(service coverage, quality), ef®ciency standards, arrangements for
capital investment, mechanisms for adjusting tariffs, and arrange-
ments for arbitrating disputes.

The main advantage of a concession is that it passes full responsi-
bility for operations and investment to the private sector and so
brings to bear incentives for ef®ciency in all aspects of utility man-
agement and operation. A concession is, therefore, an attractive op-
tion where large investments are needed to expand the coverage or
improve the quality of services. From the government's perspective,
administering a concession is a complex business, however, because it
confers a long-term monopoly on the concessionaire. Careful over-
sight is therefore important in determining the success of the conces-
sion, particularly the distribution of its bene®ts between the conces-
sionaire (in pro®ts) and consumers (in lower prices and better
service). Concessions have a long history of use in infrastructure in
France. Recently they have spread to the developing world, where
they have been used, for example, in Buenos Aires in Argentina,
Macao, Manila in the Philippines, and Malaysia.

Joint venture leases and concessions

In several countries, most notably in Spain, a speci®c form of leases
and concessions has evolved that involves the creation of public/
private joint venture ®rms that then take on a lease or a concession.
Under this arrangement, a company is formed with a state entity (a
municipal government, for example) holding 51 per cent of the shares
and the private operator or a ®nancial institution (or both) holding
the remaining shares. By limiting the private sector's control, these
joint ventures can help secure stakeholders' agreement to private
sector participation. Also, by demonstrating public commitment to
the venture, they can reduce the private sector's perception of risk.
The joint venture model, however, creates obvious con¯icts of inter-
est if municipal government is both the supervisor and the part owner
of the joint venture utility-operating company. Another issue is the
extent to which the private ®rm can exercise management control,
especially if it has only a minority shareholding in the joint venture.
Without such control, the private ®rm may not feel that its interests
are protected and may not be able to produce the ef®ciency gains
expected from private involvement. Most joint ventures address con-
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trol issues through detailed clauses in the company's by-laws allowing
both parties to vet managerial appointments and other key decisions.
These clauses may foster partnership, but at the expense of
``muddled'' governance relationships. In Gdansk in Poland, where a
mixed ownership lease contract is in operation, the relationship be-
tween the city and the project company has been described as tense
and complex. The terms of the lease have been renegotiated four
times in ®ve years and tariff increases have lagged behind in¯ation. In
spite of these problems, the Gdansk joint venture operator has been
widely successful in improving service quality and system ef®ciencies
in the city of Gdansk.

Build±operate±transfer contracts

Build±operate±transfer (BOT) arrangements resemble concessions
but are normally restricted to large discrete projects, such as a water
or wastewater treatment plant. In a typical BOT arrangement, a pri-
vate ®rm constructs a new plant, operates it for a number of years,
and at the end of the contract, 25±30 years later, turns it over to the
public. The government or the distribution utility pays the BOT
partner for water from the project, at a price calculated over the life
of the contract to cover its construction and operating costs and pro-
vide a reasonable return. The contract between the BOT contractor
and the utility is usually on a take-or-pay basis, obligating the utility
to pay for a speci®ed quantity of water whether or not that quantity is
consumed. This places all demand risk on the utility. Alternatively,
the utility might pay a capacity charge and a consumption charge, an
arrangement that shares the demand risk between the utility and the
BOT concessionaire. BOTs work well if the issue is to increase pro-
duction capacity. BOTs for capacity expansions, however, do little to
enhance utility management or improve operating ef®ciency. In fact,
building a new water treatment plant may be a poor investment
choice, independent of the ®nancing arrangement, if the new pro-
duction is wasted in a leaky distribution system.

There are many possible variations on the BOT model, including
build±operate±own (BOO) arrangements, in which the assets remain
inde®nitely with the private partner, and design±build±operate
(DBO) arrangements, in which the public and private sectors share
responsibility for capital investments. BOTs may also be used for
plants that need extensive overhauls ± in arrangements sometimes
referred to as ROTs (rehabilitate±operate±transfer). Examples of
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recent BOTs or similar arrangements are water treatment plants in
Australia, Malaysia, and China and sewage treatment plants in Chile,
New Zealand, and Slovenia.

Full or partial divestiture

Divestiture of water and sewerage assets ± through a sale of assets or
shares or through a management buyout ± can be partial or complete.
A complete divestiture, like a concession, gives the private sector
full responsibility for operations, maintenance, and investment, but,
unlike a concession, divestiture transfers ownership of the assets to
the private sector. A concession assigns the government two primary
tasks: to ensure that the utility's assets ± which the government con-
tinues to own ± are used well and returned in good condition at the
end of the concession; and, through regulation, to protect consumers
from monopolistic pricing and poor service. A divestiture leaves the
government only the task of regulation, since, in theory, the private
company should be concerned about maintaining its asset base.

Although widely used in other infrastructure sectors, private own-
ership of assets in the water and sanitation sector has been very
limited. Some utilities in the United States own assets. On a large
scale, full divestiture of water and wastewater assets was enacted in
the 1980s in England and Wales. These assets were sold in the private
market to private ®rms and investors, which now operate them under
a regulatory regime provided by government.

Hybrids

In practice, private sector arrangements are often hybrids of the
options outlined above. For example, leases often pass some respon-
sibility for small-scale investment to the private sector, and manage-
ment contracts may have revenue-sharing provisions that make them
a little like leases. Options might also be used in combination ± for
example, a build±operate±transfer contract for bulk water supply
might be combined with a management or lease contract for operat-
ing the distribution system.

Competition and regulation

Providing water and wastewater services is a business with natural
monopoly features. Direct competition among suppliers to provide
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services to individual customers would require the construction of
duplicate plants and networks, which is economically not justi®able.
Unlike private enterprises that can declare bankruptcy and cease
production, water and wastewater utilities cannot be allowed to stop
operating because they provide a service essential to human well-
being and health. As an essential service, it cannot be left in the
hands of the private sector unsupervised. In fact, the natural monop-
oly features of the business oblige government, as the representative
of consumers, to retain ultimate responsibility for the ef®cient provi-
sion of the service. Private participation in the management of the
water and wastewater sector is, therefore, possible only in partner-
ship with the government. Private participation does not mean that
the public sector disengages entirely or relinquishes control; rather it
signals a new division of labour with private sector partners based on
the comparative advantage of each.

The challenge, then, is to structure relationships between the gov-
ernment/public and the private sector such that: (a) customers receive
an ef®cient service of appropriate quality at a fair price; and (b) the
private sector obtains a fair rate or return for providing the service.
To achieve that, the private and public sectors must work together
within a framework of checks and balances that on the one hand
leaves the private partner free to manage its affairs as ef®ciently as
possible, and on the other provides for suf®cient control by the public
sector to ensure that the private partner ful®ls its obligations. In doing
so, the public sector needs to resist the temptation of micro-managing
the utility operator for short-term political gain, a practice that is at
the root of the many failures in the public provision of services. Two
key mechanisms are employed to guide the private/public partner-
ship: competition and regulation.

Competition

In spite of the monopolistic features of the business, competition is a
key element in the effort by government to ensure that the private
sector discharges its responsibilities as ef®ciently as possible. The way
competition is brought to bear may be divided into two broad con-
cepts: competition for the market and competition in the market.

Competition for the market involves competition for the right to
serve an entire segment of the market; for example, a management
contract, a lease, or a concession covering an entire municipal area. It
comes into play when a new contract is being considered or an exist-
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ing one is up for renewal. The opportunity for competition for the
market is greatest if the contracts are re-bid frequently. For simple
service contracts, it may be feasible to hold annual or bi-annual bid-
ding rounds to maintain competitive pressure for ef®cient perfor-
mance. For lease contracts or BOTs with long contracting periods,
the opportunity for re-bidding diminishes, which virtually eliminates
the pressure of market competition.

Competition in the market refers to head-to-head competition
among service providers. These can compete directly to serve each
other's customers, as allowed in England and Wales. This may require
arrangements for use of a service provider's networks by another.
Melbourne, Australia, is a good example. There the water network
was divided into four zones each managed by a different operator,
with the possibility of one operator expanding into another's terri-
tory. Competition in the market also occurs when tanker operators
compete with each other or with suppliers of piped water. Competi-
tion can also be introduced by unbundling, i.e. contracting out the
main componenets of a water system ± water production, treatment,
transmission, and distribution ± to different operators. Another way
of bringing about competition occurs when regulators use compar-
isons of performance as a way of encouraging better performance.
This approach, referred to as ``yardstick'' competition, entails, for
example, awarding contracts for different geographical areas in one
market. In Paris in France, for example, services are provided by two
concessionaires each responsible for a separate area of the city. An-
other example is Manila in the Philippines, where the city's service
area was bifurcated and separate contracts awarded for each half of
the city. Such arrangements allow the direct comparison of perfor-
mance between two private operators. Performance comparisons
across several cities are an important tool to reduce the potential for
abuse of monopoly powers. Confronted with good performance by
other operators in a similar situation, private operators are forced to
strive for ef®cient performance in an effort to keep up their reputa-
tions, because their ability to win contracts will depend in part on
their performance elsewhere. Such reputation effects will work best
where there are provisions for publishing consistent performance
information. The success and fairness of ``yardstick'' competition
depend of course on a degree of comparability across jurisdictions,
which is not always possible. In England and Wales, for example, the
government regulator had to realize early on that signi®cant size and
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geographical differences between service areas make a fair compari-
son dif®cult.

The extent of competition in or for the market is of course very
much dependent on the number of private ®rms capable of offering
quality services to the market. Although their numbers have
increased substantially over the past decade, there are no more than
two dozen or so international ®rms that can or are willing to offer
their services world-wide. Most of them are large international con-
glomerates concentrated in France and the United Kingdom. This
shortage of quali®ed ®rms limits the possibility for competition ex-
cept for very attractive projects. A call for a concession in a large city
in a country with a private sector friendly environment will generate
the interest of a great segment of the industry, whereas there may be
little interest on the part of the private sector to get involved in a
smaller city in a country with limited ®nancial resources and a legal/
political environment less friendly to the private sector. The pros-
pects for a future greater role of the private sector in the water and
wastewater ®eld will depend on increasing the number of quali®ed
®rms willing to participate in the market. Of particular importance
for the spread of private participation in the developing countries is
the emergence of a capable domestic private sector.

Regulation

In a natural monopoly situation, competition alone cannot ensure
that the private sector will perform ef®ciently. Governments will need
to introduce safeguards against potential abuses of the private oper-
ator's monopoly position by providing incentives for the private sec-
tor to operate ef®ciently, and by carefully monitoring performance.
There will always be a need for public oversight of the activities of
the private operator, although the level of control and monitoring
will vary depending on the private sector option chosen. The nature
of the relationship between the public and private sector ± and the
rights, responsibilities, and risks it entails for each partner ± are de-
termined by the regulatory framework that government adopts. The
need for regulation is least for simple operations and maintenance
contracts. The operator receives a ®xed fee for a speci®ed task and
the contract can be re-bid frequently. Long-term concessions and
divestiture will require a much more comprehensive system of public
scrutiny and vigilance. Figure 7.1 illustrates how the level of risk and
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regulation increases as the private sector takes on more and more
responsibility and risk.

In most countries there are two distinct mechanisms that determine
the regulatory framework under which a private contract is managed:
(1) general and sector-speci®c laws that establish the broad principles
of regulatory policy and set national standards, for example for mini-
mum drinking water quality or ef̄ uent standards for wastewater dis-
charges; and (2) contractual agreements between the private oper-
ator and government that govern the issues not covered by general
or sector-speci®c law. Between the broad principles of general and
sector law and the speci®cs set out in a contract there inevitably exists
a grey area that needs to be covered through regulation. Sometimes it
is argued that a tightly speci®ed contract can remove the need for
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direct regulation. This is rarely the case. Even for a short-term man-
agement contract, government needs to monitor performance against
the contract and adjust contract conditions for changing circum-
stances. For longer-term concession contracts or BOTs, it is usually
neither possible nor desirable to have highly speci®c contracts.
Detailed and rigid contract conditions do have advantages in that
they leave very little room for dispute and minimize political discre-
tion, but they also limit responses to changing social, economic, and
technical conditions, which are bound to develop in unpredictable
ways over the life of a 20-year contract. Because it is impossible to
``get everything right'' at the outset, speci®c and rigid contracts make
it dif®cult to ®ne-tune or improve on the original arrangements. This
can be particularly damaging in situations where the initial informa-
tion is limited. Highly speci®c contracts lead to more frequent rene-
gotiating. This tends to bene®t the private contract holder, which is
likely to have a stronger bargaining position and better information.
Hence, a delicate balance needs to be struck between speci®c con-
tract provisions, which reduce the regulator's role to one of monitor-
ing compliance with a set of existing requirements, and more ¯exible
arrangements, which allow regulatory discretion. This balance will of
course be different for different private participation options and the
capacity of the government to regulate.

Considerations in de®ning a regulatory framework

In de®ning a regulatory system, several important questions must be
answered: What should be regulated and what left to the contract?
Who should regulate? What discretion should a regulator have? How
can it be ensured that the regulator is independent and accountable?

Areas to be regulated
The duties of the regulator will depend on the kind of private sector
arrangement adopted, the degree to which service conditions and
price adjustments are already speci®ed in law or contract, and the
existence of regulators concerned with the water and wastewater
business. For example, many countries do have anti-monopoly
agencies, river basin and environmental authorities, health and safety
inspectorates, or utility commissions. In many cases, however, some
regulatory capacity is generally required to deal with increases in
pricing, to monitor private operator performance and contractual
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compliance, to receive complaints and arbitrate disputes between a
utility and its consumers, and to impose sanctions if agreed standards
are not met.

Price regulation
A central task of regulation is usually to deal with prices and pre-
venting hidden price rises through reduced standards of service.
There are two basic types of price regulation: (a) rate of return or
pro®t control, under which the regulator places limits on the returns
on invested capital, dividends payable to shareholders, or capital
reserves; and (b) price control ± regulators peg allowable price
increases to an independent measure such as the retail price index,
possibly adjusted for expected ef®ciency gains.

Rate of return regulation is used with capital investments. After
determining an appropriate rate of return on the investment, the
regulatory agency sets the maximum return that the utility may earn
on its assets for a speci®ed period. The advantage of this approach is
that it keeps prices at competitive levels and gives comfort to invest-
ors that they will be able to earn a return on their investment ± which
may lower the cost of capital. But in practice there are several prob-
lems. It can reduce the incentives of regulated utilities to lower
maintenance and operating expenditures while over-investing in capi-
tal outlays. If the allowed rate of return is greater than the utility's
cost of capital, the utility will be inclined to maximize its pro®ts by
substituting capital investments for other inputs to its production.
And if the allowed rate of return is less than the cost of capital, the
utility may have an incentive to use a less capital-intensive method of
production than it otherwise would. In both cases the result will be
higher costs than necessary.

Price control regulation involves the setting of a general ``cap'' on
prices. This cap is usually determined by reference to the in¯ation
rate and to an assessment of the potential for ef®ciency improve-
ments by the regulated utility. The main advantage of this approach is
that it provides utilities with an incentive to reduce costs and operate
ef®ciently, because they keep any pro®ts generated by increases in
productivity above those postulated by the regulator. The approach
has several drawbacks. If the price is set too high, the private trade
operator or investor will earn high pro®ts, which may be unaccept-
able to the public. If the price is set too low, the level and quality of
service may fall because the operator ®nds it impossible to earn a
reasonable rate of return; investors are then placed at risk and the
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cost of capital may increase accordingly. Expected productivity gains
may also be set too high, a risk the investor must confront each time
the cap is renegotiated, which may be ®ve to six times over the life of
a 30-year concession. Price caps may not be attractive if the primary
concern is to promote new investments by the regulated utility. Price
cap regulation is used in England and Wales, where a national agency
reviews pricing policy and tariffs every ®ve years. Both rate of return
and price cap regulation require extensive and reliable information
on all aspects of the utility business.

Locus of regulation
As the responsibility for the provision of water and wastewater ser-
vices is being more and more decentralized throughout the world,
municipal government increasingly assumes the responsibility for
regulation. Decentralized regulation can generally be more respon-
sive to local needs and conditions, ease monitoring, and ensure better
access to information, but it can increase regulatory cost through
replication of regulatory agencies, reduce regulatory effectiveness,
and, because of lack of capacity, increase the danger of poor regula-
tion. Where regulatory functions are decentralized, national govern-
ments can still put in place arrangements to support effective and
consistent regulatory decisions. Options include: providing training
for regulatory staff; publishing national performance indicators; cre-
ating a central or regional agency with auditing functions to monitor
the effectiveness of local regulators and reduce the risk of regulatory
capture; requiring local regulators to publish the results of their
monitoring activities and regulatory decisions; providing reporting
and monitoring guidelines to help ensure that utility performance is
measured consistently and in a way that eases comparison; and re-
quiring local regulators to employ professional independent moni-
tors ± private audit ®rms, for example. All of these measures leave
regulatory authority at the local level, where it may best be located,
but attempt to ensure that a higher level of government has a role of
monitoring the performance of utilities and local regulators.

Discretion of the regulator
Regulating the performance of a private operator with a contract that
may cover 10, 20, or 25 years requires that the regulator has room to
manoeuvre and adjust the contract to unforeseen situations. In these
circumstances, some level of regulatory discretion is desirable and
necessary. On the other hand, a regulatory system that involves too
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much discretion may deter private participation because it increases
risk and arbitrary decision-making. To avoid this, it is necessary to
ensure that: clear limits to discretion are speci®ed in applicable laws
and the contract; the criteria and processes to be employed by the
regulator are established in law; and adequate provisions are in place
for appeal against the regulator's decision. The de®nition of the dis-
cretion given to the regulator should provide assurances to operators
and investors that regulatory discretion will be exercised in a way that
protects their legitimate interests and does not subject them to undue
political in¯uence; to consumers that it protects their right to an
adequate and safe service at a reasonable cost; and to elected of®cials
that the regulatory agency will remain true to its mandate and ac-
countable for its performance.

Regulator's independence
To be effective, the regulating agency must operate independently
from both short-term political pressures and the regulated compa-
nies. If regulatory authority lies within the political control of gov-
ernment, there is always the danger that prices, service standards,
and investment priorities will be manipulated to serve short-term
electoral interests. With a more independent regulator, there is a
greater chance that the sector can be managed to meet long-term
service and ef®ciency goals that ultimately will lead to lower cost and
better service. Achieving this goal is not easy but several safeguards
could be employed, including: making regulatory appointments on
the basis of professional, not political, criteria; appointing regulators
for a ®xed period; funding the regulatory body out of levies on util-
ities or consumers and not from government budgets; remunerating
regulators competitively to attract and retain competent staff; and
barring regulators from political activity and from having ®nancial
interests in water- and sanitation-related business. Several strategies
could be used to reduce the risk of capture of the regulator by private
regulated ®rms or political interests and to make best use of generally
scarce regulatory skills: establish a multi-sectoral regulatory commis-
sion, for example one that deals with other related infrastructure such
as electricity or telecommunications; contract-out some elements of
regulation (such as ®nancial auditing and monitoring service stan-
dards and asset conditions) to reputable competent private sector
®rms; use an existing regulatory body with a reputation for indepen-
dence and honesty.
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Accountability of the regulator
Although regulating agencies ought to have a high degree of inde-
pendence from the political environment, there is still a need to ensure
accountability. Ways to do that include: specifying the regulator's
duty clearly in law; adopting transparent decision-making processes;
requiring regulators to publish decisions and the reasons for those
decisions; making decisions subject to review by the courts or some
other independent forum; and requiring regulatory agencies to pre-
sent annual reports on their activities and to be subject to indepen-
dent audits.

Finding the appropriate regulatory system
In dealing with these issues, governments throughout the world have
come up with greatly different solutions. Service and management
arrangements are generally governed by detailed contractual arrange-
ments managed directly by the utility or local government. Leases
and concessions are usually subject to higher-level government
oversight. In France, for example, where leases and concessions are
largely a local matter, the national government has recently intro-
duced national laws and regulations that govern important aspects of
how these contracts are acquired by publishing model contracts and
requiring competition. In Conakry in Guinea, the SocieÂ teÂ Nationale
des Eaux, an autonomous state-owned national water authority re-
sponsible for water sector planning and investments, regulates the
lease contract, but ultimate authority over tariff setting remains with
the government. In Buenos Aires, an independent state agency rep-
resenting local, provincial, and federal governments and funded from
water and wastewater tariffs provides tight regulation, but its deci-
sions can be repealed by government. In the BOO water treatment
plant scheme in Sydney in Australia, the newly formed Sydney Water
Corporation is overseen by the Pricing Tribunal of New South Wales,
an independent authority that regulates retail water rates. In the
United States, many states have utility commissions that regulate
prices for an array of public utilities, including water. The Of®ce
of Water Services, the national regulatory body in England and
Wales, is a national independent agency created speci®cally for the
purpose of overseeing the privatized water and wastewater compa-
nies. In Chile, a national regulatory commission establishes price
guidelines based on yardstick comparisons for all water companies in
the country.
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Governments interested in working with the private sector must
realize that regulation is a critical part of any private sector arrange-
ment. Basic decisions about the regulatory framework need to be
made early. Regulatory capacity can determine which private sector
option is most appropriate in a given situation. The regulatory system
chosen can affect the willingness of the private sector to participate
and the cost of its participation. There is no one right way to mix
contracting and regulation or to de®ne the most advantageous regu-
latory set-up. Options have advantages and disadvantages, and what
works best will vary across countries and within cities in countries.

In developing a regulatory system, governments need to keep sev-
eral broad principles in mind. First, the very purpose of regulation is
to ensure that the interests of the consumer are protected. Secondly,
the choice depends on the type of private sector intervention. A
concession contract requires immensely more regulation and capacity
to regulate than a management contract, where a simple contract may
suf®ce. Thirdly, any choice must be realistic and compatible with the
country's legal framework and its human resource capacity; a balance
must be struck between the ideal and the achievable. Unless there is
suf®cient capacity, a concession may not be the way to go. Fourthly,
regulation should not be too restrictive or controlling. Overly restric-
tive regulation could deter private companies from entering into pri-
vate sector arrangements or limit their ability to introduce innovative
and ef®cient operating practices. Any regulation that seeks to control
in detail how the private contractor runs its business risks defeating
one of the central purposes of private sector participation ± improv-
ing the ef®ciency of service delivery by unleashing the know-how and
creativity of the private sector. The very reason for choosing the pri-
vate sector is that the private sector can operate in a less restrictive
business environment compared with public entities. For example, if
private participation is motivated by the desire to insulate the sector
better from direct political intervention and to reduce public sub-
sidies, giving regulatory authority to agencies dominated by short-
term political interests would be counter-productive. If the private
operator is subject to the same restrictive practices, standards, and
norms that hobble public companies, even the best private operator
cannot succeed. Without appropriate tariffs, for example, the private
sector operator cannot raise the ®nancial resources to meet its obli-
gations. Governments must realize that bringing in the private sector
cannot compensate for misguided and restrictive policies.
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Preparing for a private sector venture

Governments interested in seeking a partnership with the private
sector will have to choose from the many options available. These
options can be implemented on different scales, with different com-
binations of functional responsibilities, and with different forms of
regulation. The quality of the process of designing and implementing
a selected option can determine whether or not the option will suc-
ceed. The challenge is twofold: (a) to de®ne and develop the best
possible arrangement appropriate for local needs and conditions; and
(b) to ®nd a suitable private sector partner for this arrangement and
obtain the best possible offer from that partner. To reduce the risk of
failure and get the most appropriate deal, the process is suggested to
proceed in stages: pre-contract analysis; narrowing the choice to one
or a range of feasible options; making sure that the desired option is
of interest to the private sector; and acquiring the private partner and
contract start-up.

Pre-contract analysis

Once a government has determined that private sector participation
appears ®nancially and politically feasible, a careful assessment should
be undertaken before moving on to the next stage of choosing an
option. Five main questions need to be answered:
1. What is the state of the existing utility?
2. How compatible is the existing regulatory regime with private

sector participation?
3. How committed ± or opposed ± to private sector participation are

key stakeholders?
4. Is the deal ®nancially feasible for the private sector?
5. What are the main risks that need to be allocated or mitigated to

ensure that private sector participation can succeed?

Assessment of the utility
The purpose of this analysis is to assess the current performance of
the utility and the quality of information available about its manage-
ment and operation and to identify those conditions that might make
it attractive for a potential private sector partner. The government
will need to gather ± or identify as unavailable ± information on
matters such as: the utility's present and projected service area; the
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current characteristics of the service (water quality, pressure, supply
security, sewer ¯ooding, or metering); a basic inventory of the assets
and their condition and serviceability; human resources (numbers,
skills, wage rates, conditions of service, pension arrangements); ®nan-
cial performance and tariffs (level and structure, subsidy arrange-
ments, collection performance, disconnection policy); consumer
preferences, affordability, and willingness to pay. The data collected
in this evaluation will provide valuable information on the nature of
the investment and related costs required to improve services, on
potential ef®ciency gains that could achieved, on future desired per-
formance standards, and on asset rehabilitation needs. A clear under-
standing of the utility's present performance is an essential condition
for deciding on what form of private sector partnership would be de-
sirable and feasible. It will also help to identify areas where data are
lacking or may be inaccurate and lead to the conclusion that improv-
ing the data base may be necessary.

Regulatory/institutional analysis
The possible nature and effectiveness of a private sector arrangement
depend on the regulatory mechanisms that will govern the private
sector participation. Because any decisions about the private sector
option, industry structure, and regulatory framework are closely
linked, consideration of regulatory matters must be faced early on.
Entering a private sector arrangement without an appropriate and
effective regulatory structure can lead to costly mistakes and an acri-
monious process to rectify matters later on. The objective of the
analysis of regulatory issues is to: (a) identify elements in the existing
broad framework of laws, constitutional requirements, and regulatory
activities that could impede private sector participation or affect the
viability of a speci®c option; (b) consider the potential for restruc-
turing the present regulatory regime to open up the spectrum of
options; (c) develop the sector-speci®c regulations that would govern
the relationship between the public sector and the private partner;
(d) help specify the powers that will remain in the public sector,
identify who will exercise these powers and at what level of govern-
ment, and create new regulatory arrangements as needed; and (e)
decide which elements of regulation should be incorporated into the
private sector contracts, how much the contracts limit the discretion
of any public sector regulators, and what safeguards the contracts
should contain against regulatory and political risk.

In assessing how the broad regulatory framework will affect the
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choice and design of a private sector arrangement and the attractive-
ness of that arrangement to the private sector, governments need to
consider a wide range of laws and regulations related to: the consti-
tutional and legislative division of responsibility for public services
among national, regional, and local governments; inter-jurisdictional
arrangements, if service responsibilities are decentralized and the
system covers several jurisdictions; laws that govern private sector
intervention in the provision of public services; water resource man-
agement and environment; labour; taxes; procurement of goods and
services; currency control; public health and safety; and social policy.

Some elements of the existing framework cannot be changed or
may take time to change. That may rule out a preferred option for
private sector participation. If it does, it is best to recognize this early
± and to adopt a stepwise approach to private sector participation
that allows time to improve the general legal and regulatory frame-
work. For example, if collection performance or requirements for
providing subsidized services pose unacceptable revenue risks for the
private partner, the best alternative might be to choose a private
sector arrangement that reduces commercial risk by adopting a fee-
based management contract type of arrangement. Or it might be
possible to incorporate explicit safeguards into the contract ± such as
provisions allowing for additional payment for unexpected invest-
ments, protection from environmental liability, speci®ed compensa-
tion or price adjustments for changes in service standards, and mini-
mum revenue guarantees.

Stakeholder analysis
A range of stakeholders have a legitimate interest in the water busi-
ness. Such key stakeholders and their potential support or opposition
must be identi®ed early. Stakeholders might oppose concessions or
divestiture, for example, but accept management contracts, which
give the private sector a more limited role. Or stakeholders might
oppose any arrangement that has the private sector acting alone, but
support joint ventures with the public sector. Generally these key
stakeholders include: the national government (ministries with some
jurisdiction over water-related matters, such as the ministries of
health, environment, and urban and economic development); pro-
vincial and local governments that will act (or may act) as grantors
of private sector contracts, regulators, partners, or ®nanciers of the
utility; regional or local planning departments, which coordinate
land-use and infrastructure planning; other established regulatory
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entities (such as water commissions, environmental agencies, and
competition and fair trade commissions); political parties and indi-
vidual politicians; labour unions; utility management and staff; con-
sumer organizations; and advocacy non-governmental organizations
concerned with some aspect of utility conduct and operations.

Once the key stakeholders have been identi®ed, government will
have to engage in a dialogue with all of them to gain support or to
defuse opposition to the proposed private participation. To bring
these stakeholders on board, government may have to consider a
variety of conciliatory actions or safeguards (table 7.3), which may
include protection for: (a) labour and management through redun-

Table 7.3 Potential stakeholder issues and policy responses

Stakeholder group Possible issues
Policy decisions
required

Ways to get
inputs

Employees Staff redundancies
Changes in

employment
conditions

Redundancy pack-
ages and other
arrangements
encouraging staff
to leave

Open and
continuous
consultations
and negotia-
tions with
staff

Consumers Consumers'
preferences

Willingness to pay

System for planning
extensions

Tariff methodology
Design of a subsidy

scheme

Social Assess-
ment, partici-
pation, public
relations/
consultation
campaigns

Environmental
interests

Major environmen-
tal consequences

Environmental
standards to be
applied

Liability for past
pollution

Consultation
with environ-
mental groups

Existing govern-
ment agencies

Major shifts in the
allocation of
responsibilities

Implementation of
new regulatory
system

Rede®nition of
responsibilities
among govern-
ment agencies

Intensive
consultation

Other citizens Resettlement Resettlement policy Direct consul-
tation with
affected
groups
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dancy packages, worker share allocations, minimum wages and
working conditions, health and safety measures; (b) contractors or
suppliers through regulatory rules to ensure competition in subcon-
tracting and procurement; (c) customers through tariff adjustment
rules, subsidy policies, complaint mechanisms; (d) public health and
environmental protection through regulation of service standards,
penalties for default. Although such safeguards can secure suf®cient
support to allow private sector participation to proceed and to ensure
that it bene®ts users, they all involve costs that need to be carefully
considered.

Among the most important stakeholders are utility staff and unions.
Often, improving the ef®ciency of management and operations and
introducing better technologies and know-how can be achieved only
by restructuring personnel policies and reducing a costly and bloated
workforce. Unless the staff's fear of layoffs can be managed, govern-
ment's initiative is probably not possible.

The example of Buenos Aires in Argentina shows how government
could deal with labour issues. The public water company in Buenos
Aires, like many around the world, was heavily overstaffed. It had
7,600 employees, or about 8 employees for every 1,000 connections ±
around twice as many as needed to operate ef®ciently. Under a pre-
ferred plan, 1,600 employees accepted voluntary early retirement on
severance packages ®nanced by the government at a cost of around
US$40 million. Soon after taking over the operation, the concession-
aire offered another voluntary early retirement programme. This offer
was accepted by 2,000 employees, at a cost to the concessionaire of
around US$50 million. Within six months of the start of the conces-
sion, the number of employees had been reduced by almost half. The
cost of achieving this reduction was considerable, but it was viewed as
an investment necessary to achieve the ef®ciency targets sought by
the concessionaire. Today, many of the former employees are among
the 8,000 or so small contractors now providing services to the Buenos
Aires company.

Analysis of ®nancial and tariff conditions
Perhaps the most critical issue in selecting a private participation
option relates to ®nancial concerns. Unless the private sector feels
that the deal is ®nancially feasible, it will not enter. Typically, the
following questions must be answered: If the private sector partner is
expected to invest in rehabilitating the system or expanding coverage,
how will that affect the tariff? Will the current tariff cover costs after
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allowing for expected ef®ciency gains? If the projected tariff exceeds
what some households are willing to pay, will the government pro-
vide subsidies? If not, could investment programmes be reduced to
match the ®nancial capacity of the consumers? Unless these issues
are analysed seriously and realistically early on, much time and
resources may be spent on options that turn out not to be ®nancially
feasible or not affordable. To ®nd answers to these issues requires
detailed ®nancial work, including: assessing the ®nancial status of the
water and sanitation utility, and testing the ®nancial and tariff impli-
cations of hoped-for service expansions and ef®ciency. Such ®nancial
analysis will narrow the options to arrangements that are feasible and
sustainable.

Key parameters to be considered in this analysis include: (1) the
utility's current operating and maintenance cost for water supply,
treatment, and distribution, and for sewage collection and treatment;
(2) current tariff levels and structure and collection ef®ciency; (3)
current and projected water consumption; (4) the cost of capital
improvements to the water supply, distribution, and sewerage sys-
tems, and annual expenditures necessary to achieve intended service
levels; (5) the availability of funding for service improvements
through grants, equity, and loans; (6) the additional annual operating
costs due to system expansions, considering the ef®ciency gains that
private operation might achieve.

Risk analysis
It is important for governments to recognize risks and to consider
how they might best be allocated between the public and private
sectors. Early thinking about the risks associated with private sector
participation can save time later on and help ensure that the resulting
private sector arrangement comes close to what was originally in-
tended. Different risks are associated with different options, but they
fall into two general categories. For fee-based service/management-
type contracts, the most signi®cant risk is that the performance of the
private contractor may fall short of expectations. Arrangements need
to be in place to monitor the contractor's performance, and to ensure
that water quality and other standards required from the operator
can be enforced. If adequate staff are not available to monitor per-
formance, the government might consider contracting with a third
party ± an audit ®rm, for example. For lease/concession/BOT-type
arrangements that require the private operator/investor to depend on
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tariff revenues for ®nancing operating costs and investments, incen-
tives need to be in place for the contractor to improve the ef®ciency
of operations and investments. Under a natural monopoly situation,
there is always the concern and risk that the contractor will reap
windfall pro®ts by charging excessive tariffs or reducing service qual-
ity. These risks need to be managed carefully through the design of
appropriate and effective monitoring and regulatory systems and
arrangements.

The special problem of smaller cities
Private sector participation is easiest and most attractive in larger
metropolitan areas, say cities with populations of at least half a mil-
lion. Yet smaller municipalities have just as much need for better
water and sanitation services and can also bene®t from private par-
ticipation. But their ®nancial, economic, institutional, and technical
conditions present dif®cult problems. A private contractor will often
®nd it harder to make suf®cient returns on its investments in small
networks unless the operator can bene®t from economies of scale by
operating several smaller systems located close to each other. Also
the generally lower average household income in smaller towns
makes it more dif®cult for families to pay tariffs that cover costs and
yield a reasonable return. Limited administrative skills and institu-
tional capacity in many smaller municipalities limit their ability to
undertake the effort needed to design, implement, and supervise pri-
vate sector arrangements. Local of®cials and their staff will need as-
sistance from higher-level government agencies in preparing for pri-
vate sector entry. There are several ways to tackle these problems.
The most effective is for several smaller towns to form an association
and a single administrative entity, which provide the economies nec-
essary to undertake private participation ef®ciently and competently.
The national government can help smaller cities by supplying advi-
sory services, ®nancial models, and contractual documents.

Choosing among the options

Once a government has worked through the preliminary analysis it
may begin to choose among options available. To narrow down the
options, the following key questions must be answered:
. What problems are to be resolved? If the purpose of bringing in the

private sector is primarily to improve operational ef®ciency and
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management and administration, a management/lease-type contract
would be most appropriate. If, in addition, investments are sought
to increase service coverage and improve service quality, a conces-
sion may be the preferred solution. If there is need for a new plant,
a BOT may be the best way of tapping private sector know-how
and ®nancial resources.

. What are the implications for tariffs? Do current tariffs cover costs?
Can the private sector reasonably be expected to boost ef®ciency
enough to meet the proposed service objectives without increasing
tariffs? If not, will consumers be willing to pay higher tariffs? If not,
will grant ®nance or subsidies to needy households be available?

. Does the envisioned regulatory framework provide suf®cient support
for the private sector to take on commercial risk and at the same time
protect consumers from abuse of monopoly power? If not, can the
necessary changes be made easily? If not, can parts of the regula-
tory function be simpli®ed or contracted out in the short term? Can
the risk of political interference be minimized?

. Do key stakeholders support or at least not oppose a speci®c private
sector option? Can processes and policies be put in place to meet
stakeholder concerns?

. Is information about the utility's assets good enough to serve as a
base for a long-term contract? If not, can better information be
produced rapidly or would it be better to take a staged approach:
start with a management contract to assemble better information in
preparation for a concession later on?

The answers to these questions will point governments to different
choices or a range of choices for private sector participation. Table
7.4 depicts the relationship between private sector options and objec-
tives. For example, a government seeking improvements in operating
ef®ciency and responsiveness to consumers will prefer a management
contract with performance incentives or a lease to either a service
contract or a concession. A government seeking greater ef®ciency
and new investment will prefer a concession or divestiture ± or, for
investment in bulk services, a BOT.

Making sure that the desired option is of interest to the
private sector

A government's preferred option may not be attractive to the private
sector. Where regulatory capacity is weak, political commitment low,
the regulatory environments uncertain, and information poor, a con-
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cession or a BOT would be dif®cult to implement. Table 7.5 summa-
rizes the enabling conditions that a private sector operator/investor
would need to see ful®lled to agree to a given arrangement at a rea-
sonable cost.

For a private sector option to be feasible, sustainable, and best
suited to mobilize private sector skills and resources, it has to make
sense technically, ®nancially and politically. A technically sound ar-
rangement is well targeted to the problem to be solved and is com-
patible with the existing legal framework ± or includes supporting
changes in that framework. A ®nancially sound proposal is one that
can be ®nanced at a tariff that consumers are willing to pay ± or with
the aid of a ®scally responsible and politically viable government
subsidy scheme. A politically sound proposal enjoys political support,
both within government and among interested stakeholders. Experi-
ence around the world demonstrates that political commitment is
absolutely crucial. To succeed, a political champion needs to provide
support throughout the process of bringing in a private sector opera-
tor and/or ®nancier in order to address suf®ciently the concerns of
key stakeholders. Political commitment is also essential to attract
private sector interest. Potential private sector partners ± and their
®nanciers ± will be looking for signs that the present government is
willing not only to sign a contract but also to put in place regulatory
arrangements that will protect their legitimate future interests. Un-
less there is a sense of political commitment, the private sector will
provide less attractive bids or decide not to get involved.

Table 7.4 Private sector options and objectives

Objective

Option

Speci®c
technical
expertise

Improving
managerial
capacity

Improving
operating
ef®ciency

Improving
investment
ef®ciency

Strengthening
management
autonomy

Service
contract

Yes No Some No No

Management
contract

Yes Some Yes No Some

Lease Yes Yes Yes No Yes
BOT Yes Yes Yes Yes Yes
Concession Yes Yes Yes Yes Yes
Divestiture Yes Yes Yes Yes Yes

The role of the private sector

185



Table 7.5 Private sector options and enabling conditions

Requirement

Option

Stakeholder sup-
port and political
commitment Cost-covering tariffs

Good system
information

Developed regula-
tory framework

Good ®nancial
rating

Service contract Low Preferred, but not
necessary

Possible to proceed
with limited
information

Monitoring capacity
for contract
needed

Not necessary

Management
contract with
®xed fee

Low to moderate Preferred, but not
necessary

Possible to proceed
with limited
information

Monitoring capacity
for contract
needed

Not necessary

Management
contract with
performance
incentives

Low to moderate Preferred, but not
necessary

Suf®cient informa-
tion required to
de®ne incentives

Moderate monitor-
ing capacity
needed

Not necessary

Lease Moderate to high Necessary Good system infor-
mation essential

Strong capacity for
regulation and
coordination es-
sential

Not necessary

BOT Moderate to high Preferred, but not
necessary

Good system infor-
mation essential

Strong capacity for
regulation and
coordination es-
sential

Better rating will
reduce costs

Concession High Necessary Good system infor-
mation required

Strong regulatory
capacity essential

Better rating will
reduce costs

Divestiture High Necessary Very good system
information
essential

Strong regulatory
capacity abso-
lutely vital

Better rating will
reduce costs
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Finding and contracting a suitable partner

Once a decision has been made on a feasible and appropriate option,
the next task is to ®nd and contract with a suitable private sector
partner. Generally, the most effective way to do this is to require
prospective partners to compete with one another to win the contract.
The extent to which competition for a contract can be achieved ± and
the extent to which this competition translates into the best possible
outcomes for consumers ± depend on how well bidding is organized
and managed. Several discrete steps are involved: the preparation of
the bid documents, which communicate to prospective bidders the
nature of the contract and the information on which to base their
bids; organization of the bidding process and the way bids are eval-
uated and the contract signed; and selecting the private sector ®rms
to submit bids.

Bidding documents and information for bidders
Based on the information prepared and decisions made during the
pre-contract analysis, documents need to be prepared that clearly
convey the information on which prospective operators and investors
are asked to submit a proposal. The nature of the information to be
provided depends of course on the option chosen. For a fee-based
service or management contract the information requirements are
relatively simple. Such a contract places little risk on the contractor.
It could be bid much like a technical assistance contract, with the
contractor's experience, proposed work programme, staf®ng, and cost
as the basis for bid evaluation.

Long-term contracts, leases, concessions, and BOTs are usually
awarded to the bidder proposing the lowest future tariff levels. For
these kinds of contract, the operator/investor is running considerable
risk when agreeing to a tariff arrangement that is to last for years.
This risk can be reduced by having good information available that
allows contractors to prepare their offers with good knowledge of
what is to be expected. The more risk is involved, the higher is the
need for good and reliable information. The better the information,
the higher is the chance of concluding a contract that is realistic and
responsive to both the government's and the public sector's require-
ments. The higher the risk is perceived by the contractor, the higher
will be the price. If the risk is too high, the private sector may not be
willing to get involved at all. For longer-term contracts, the bidding
package should include the following information: (a) technical in-
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formation: a detailed description and assessment of the existing
facilities and asset analysis, improvements to be obtained under the
contract in terms of service improvements and performance stan-
dards, and an estimate of capital expenditures; (b) legal and regula-
tory information: a clear de®nition of the legal and regulatory system
under which the contract will be done and the provisions that will be
covered under the contracts; (c) economic and ®nancial information:
demand projections and willingness-to-pay analysis, policy on tariffs
and tariff structure, the proposed capital structure of the deal ± in
short, all the information that prospective contractors/investors
would need to perform their own ®nancial analysis and forecasts; (d)
human resources information and the policy to be implemented by
the contractor; (e) the rules and scoring mechanisms that will be used
to evaluate bids and deal with complaints and appeals; and (f) a
timetable for bidding, evaluation, and award.

Operators/investors bidding for long-term contracts that require a
®nancial commitment will carry out their own analysis. The less con-
®dence the private sector has in the veracity of the information pro-
vided by the public contracting entity, the more exhaustive and time
consuming this analysis will be. For large contracts involving deci-
sions on hundreds of millions of dollars, private partners may spend
several million dollars in making their own assessment of all aspects
of the future project to make sure that their offer is based on a real-
istic understanding of the task at hand and the risks involved. These
costs can be reduced by having good and reliable information avail-
able to bidders and limiting the number of bidders invited.

Organizing the bidding
Experience suggests that the best way of ®nding a suitable partner at
a reasonable cost is to require competition among prospective part-
ners. There is a variety of possible contract bidding and award pro-
cedures, which can be grouped into three categories: competitive
bidding; competitive negotiations; and direct negotiations. Each has
its advantages and disadvantages.

A competitive bidding process involves a formal, public process for
presenting proposals, evaluating them, and selecting a winner. Its
main advantage is that it ensures transparency, provides a market
mechanism for selecting the best proposal, and stimulates interest
among a broad range of potential partners. It works best where out-
puts are standardized and all technical parameters can be clearly
de®ned. To avoid misunderstandings and avoid underbidding, the
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quality of information must be high, an undertaking that is often dif-
®cult given uncertainties and the long time-frame ± 20±30 years for a
concession ± involved. Also, direct competition limits the scope for
the presentation of innovative proposals that deviate from the base
requests made in the bidding documents. These issues do not mean
that competitive bidding should be avoided, however, but particular
attention should be paid to providing good-quality information to
potential bidders and to the detailed design of the bidding process.

If competitive negotiations are used, the government invites pro-
posals from selected bidders to meet speci®c service objectives. After
review of the proposals based on their technical merit, the govern-
ment negotiates contract terms and conditions with a small number
(usually two or three) of selected bidders. This involves simultaneous
negotiations with these bidders. Competitive negotiations are well
suited to projects in which many technical variations are possible and
the contracting entity wishes to explore different and creative pro-
posals without being bound by the standard solutions that a compet-
itive bidding process would require. They offer a richer means of
considering other factors than price. Competitive negotiation has some
risks, however. It is less transparent than competitive bidding and
may raise concerns about corruption and favouritism. The govern-
ment can reduce the risk of any impropriety by specifying publicly,
and as clearly as possible, what the evaluation criteria will be, by
standardizing the negotiation processes across bidders, and by keep-
ing a detailed record of the process.

Direct negotiations occur most often where a project idea origi-
nates with a private sector sponsor rather than with the government.
A developer or operator seeks to negotiate directly with a govern-
ment or a public utility the terms and conditions for a management
contract, BOT, or concession. Direct negotiations can be a good way
of attracting innovative projects and securing private sector involve-
ment in smaller cities and towns where the costs of entering compet-
itive bidding contests may be high relative to the expected returns.
But direct negotiations make it dif®cult to ensure transparency in the
selection process and an ef®cient outcome. Without competition, it is
much harder to assess the reasonableness and cost-effectiveness of a
proposal. And direct negotiations, even more than competitive
negotiations, can be associated with corrupt and improper behaviour of
the public agencies carrying out the negotiations. Allegations of impro-
prieties, whether they are well founded or not, can lead to resistance
from key stakeholders and in the extreme to the eventual cancella-
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tion of the contract. If direct negotiations are contemplated, govern-
ments must take extra steps to ensure transparency and ef®ciency.
For example, a government might establish an independent advisory
panel to advise on whether direct negotiations are appropriate for a
particular project. It may require all contracts to be reviewed by a
national or regional regulatory entity that may use benchmark com-
parisons of construction costs or service tariffs to assess the ef®ciency
and appropriateness of the negotiated deal.

In general, the more competitively and transparently the selection
of the private partner is conducted, the greater is the likelihood that
the best possible deal will be achieved and that the deal will be po-
litically sustainable. For these reasons, most governments ± and also
multilateral agencies such as the World Bank ± favour or require
competitive bidding for private sector contracts. Many countries have
laws that explicitly forbid direct negotiations. However, it should be
recognized that there may be circumstances that make it dif®cult to
achieve perfectly competitive bidding. If information is incomplete,
for example, or there is a range of possible solutions to the service
problems the government is trying to solve, the government may wish
to enter into a dialogue with potential bidders to work out how best
to specify the contract. This approach does not preclude competition,
but it does reduce transparency and the chance that bidders will be
able to bid on equal terms. Direct negotiation is clearly less prefera-
ble than competitive bidding, but in some situations it may be a fea-
sible approach. For example, the costs of competitive bidding can be
so high relative to the expected revenue stream from small contracts
as to deter bidders. In these cases, governments ready to undertake
direct negotiations would be well advised to employ special safe-
guards, processes, and auditing procedures to ensure that the best
possible partner is found on the best possible terms, and that the
resulting contract will stand up to political and technical scrutiny.

Pre-quali®cation of bidders
Pre-quali®cation is strongly recommended for all types of contract
options as a way to ensure that potential bidders have the technical
and ®nancial capacity that the task demands and a track record in
performing similar tasks. It is important to weed out ®rms that clearly
do not have the capacity to take on the job before they prepare costly
proposals; once they have entered the evaluation process, they may
bring political connections to bear to win the job. Reducing the
number of bidders also reduces the cost of preparing proposals,
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which, as outlined above, may be several million dollars for large
projects involving the provision of substantial amounts of private
capital. Limiting the number of bidders will increase a private ®rm's
incentive to participate in the bidding, because it increases each
bidder's chance of winning. Faced with a dozen competitors, some of
them with questionable credentials, most quali®ed ®rms may choose
not to participate in the bidding.

Pre-quali®cation criteria generally include some combination of:
®nancial capacity; relevant experience; and past record on similar
ventures. The criteria for evaluating ®rms participating may be either
qualitative or quantitative. Qualitative criteria allow greater ¯exibil-
ity and discretion, but they are also less transparent and more likely
to produce complaints by bidders that fail to pre-qualify. Again a
balance needs to be struck to ensure a fair and transparent process.
In de®ning pre-quali®cation criteria for water and sanitation con-
tracts, governments need to keep in mind that the number of private
companies with substantial experience in providing water and sani-
tation services is relatively small. Few ®rms today meet stringent and
ambitious pre-quali®cation criteria. To broaden the range of poten-
tial bidders, governments may consider ®rms other than water and
wastewater operators. For example, a telecommunications company
or a company with experience on the commercial side of electricity
distribution might be able to handle the commercial side of a water
business when paired with a company with engineering expertise in
the sector.

Pre-bid contacts with bidders
In deciding what form a private sector arrangement should take,
governments may want to know early on the opinion of the private
sector. For example, a government might want the private sector to
make large investments in new capacity and take all the commercial
risks associated with them ± only to ®nd that the private sector judges
the risk to be too high. Or a government might assume that local cir-
cumstances are so unattractive that the best it can hope for is a ®xed-
fee management contract ± and unknowingly preclude initiatives by
private companies that would be prepared to take more commercial
risk. To avoid these misunderstandings it is generally a good idea to
have informal discussions with bidders before ®nalizing the bidding
documents. Bidder feedback on early drafts of the bidding documents
or regulatory design can help identify changes that would make the
transaction more attractive to private ®rms with no loss to the gov-
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ernment or other stakeholders ± and result in better, more affordable
bids. The government must assure, however, that all prospective
bidders receive the same information, to avoid complaints that some
bidders were favoured over others.

Bid contents and evaluation
Central to the bidding process are decisions about what (pre-
quali®ed) bidders should be asked to include in their bids and how
these bids should be evaluated. Traditionally a two-stage bidding
system is used, requiring bidders to submit a technical envelope and a
®nancial envelope.

The technical envelope may have various purposes varying in
complexity and transparency. In the simplest case, the technical en-
velope contains legal certi®cation of the bidding consortium and a bid
bond. Once these items have been con®rmed, the ®nancial envelope
is opened and the contract is awarded to the best offer. In a second
approach, the technical envelope serves some of the purposes of pre-
quali®cation ± if pre-quali®cation has not taken place earlier ± and
provides technical and ®nancial information on the bidder. Some
bidders may be disquali®ed once this information is assessed. The
®nancial envelopes of the surviving bidders are then opened, and the
contract is awarded to the best offer. These two approaches are rela-
tively simple and transparent. They tend to work well when technical
requirements can be speci®ed. A third approach requires bidders to
include a technical proposal that sets out the proposed business plan
(including investment and ®nancing plans) for meeting the service
objectives. The plans are reviewed for consistency with the project
speci®cations and requirements, and proposals either pass or fail.
Again, the contract is awarded to the surviving bidder with the best
®nancial bid. This approach was used for the Buenos Aires water
concession. Under a fourth approach technical proposals are required
as in the previous case but, rather than passing or failing, the pro-
posals are scored. The ®nancial proposals are also scored, and the
contract is awarded on the basis of the weighted technical and ®nan-
cial scores. This approach was used to allocate freight rail concessions
in Argentina. These latter two approaches are more complex and less
transparent. They may be preferred when the technical criteria can-
not be clearly speci®ed in advance and when the government is look-
ing to bidders to present their own ideas on how to achieve service
objectives. The third approach might be chosen if the government has
®rm and clear ideas on the minimum technical requirements; the
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fourth if there is less clarity about requirements, and if different
technical proposals may have different ®nancial implications at dif-
ferent stages of the project's life. For these more complex approaches,
the government should specify as clearly as possible and in advance
the processes and rules that it will use for evaluating bids.

The ®nancial envelopes provide information on the ®nancial con-
ditions under which the operator/investor offers its services and bids
are awarded. They also vary in form and complexity, depending in
part on the form of private sector participation. For management/
service-type contracts, bids are awarded to the bidder that quotes the
lowest service fee. For concessions or BOTs, the ®nancial envelope
contains the bidder's proposed future service tariffs for which it
would be prepared to enter into a concession or the take-or-pay fee
for bulk supply. This approach was used, for example, for the Buenos
Aires water concession. Bids may also propose an up-front payment
in combination with future concession fee payments. This approach is
appropriate for concessions and leases and was used, for example, in
the Argentine freight rail concessions. The bid is evaluated on the
basis of a weighting of the up-front payment and future fees. In the
case of privatization involving the sale of shares or the divestiture of
assets, bids present a price of the shares or assets being sold.

Complaints and appeals
The more complex a bidding process, the greater the chance that
competition will be perceived to be unfair or that losers will question
the choice of winner. The ®rst-best solution to such problems, of
course, would be to make perfect information available to all the
bidders, have truly unambiguous bidding rules (the lowest price or
tariff wins), and preclude substantive negotiations after the bidding
contest. For obvious reasons this is rarely possible. The next-best so-
lution is to structure the process as clearly as possible, ensuring that
everyone has access to the same information, that bidding and eval-
uation rules are as simple as possible and are clearly explained at the
outset, and that there are clearly de®ned limits on post-bid negotia-
tions. But no bidding process, no matter how carefully structured, can
eliminate the potential for complaints and appeals. Consequently, the
government should create a mechanism for handling complaints,
specifying: who will be responsible for hearing and arbitrating com-
plaints and appeals; on what basis complaints and appeals will be
heard; how complaints and appeals should be formulated; whether a
fee will have to be deposited for each complaint to discourage frivolous
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complaints; and what the deadlines are for the receipt of complaints
and appeals and their resolution.

Managing the process

Creating a management unit

Competent management of the entire process from the pre-contract
analysis through to the signing of the contract is essential for success.
The government entity leading the effort should establish a unit re-
sponsible for the day-to-day management of the process. The skills of
the people appointed to this unit will be critical. In deciding how to
set up the unit, the government's objectives should be to: (a) ensure
that the unit has suf®cient autonomy, both managerial and ®nancial,
to carry out its task cost-effectively; (b) shield the unit's staff from
political interference in their day-to-day tasks; and (c) give politicians
and relevant government agencies con®dence that the task is pro-
ceeding as directed and that any major policy issues are dealt with
properly by putting in place reporting and accountability mechanisms.

Hiring competent independent advisers

Designing and implementing private sector participation in water and
sanitation require substantial economic, ®nancial, technical, and legal
expertise and the coordination of that expertise. The process requires
detailed work ± ®rst re®ning the option to be implemented and the
legal and regulatory measures needed to support it, then preparing
many complex documents, such as the regulatory framework law, the
bidding documents, and the draft contracts. Governments usually
lack the range of expertise within the civil service to carry out all of
these tasks. Even where earlier privatization projects may have
helped to build up a body of some skilled staff, government would be
well advised to engage external advisers. Managing these advisers
then becomes a primary task of the government unit.

The type of advisers generally needed include: economic and reg-
ulatory consultants, to advise on how the deal might be structured,
competition might be promoted, and tariffs might be structured and
adjusted, and on what regulatory and monitoring mechanisms are
needed; legal consultants, to deal with legislation and regulatory
issues and prepare bidding documents and draft contracts; technical
consultants and engineers, to undertake the technical assessment and
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prepare technical speci®cations and requirements for the contract;
environmental consultants, to prepare environmental studies; invest-
ment bankers and ®nancial consultants, to prepare ®nancial projec-
tions and determine the ®nancial feasibility and structure of the con-
tract. Hiring competent, independent advisers who can assist the
government throughout the process is probably the best investment
the government can make. Quality advice is expensive, but signing a
poorly structured or inappropriate deal will be much more costly
later on.

Time requirements

The time required to complete all the elements on this critical path
will vary among countries and according to the type of private sector
option being pursued. Countries with legal and regulatory frame-
works supportive of private sector participation in water and sanita-
tion and with good-quality information on the system may be able to
proceed relatively rapidly. Management contracts should take less
time to prepare and implement than concessions: given strong politi-
cal commitment, a management contract could be designed and
implemented in 8±10 months, whereas a concession could easily re-
quire 18±24 months. The Buenos Aires concession, for example, took
two years to prepare, and the Manila concessions were completed in
around 18 months. As a country undertakes more private sector
contracts, it may be able to shorten the preparation time. But there is
a lower limit, determined by the need to develop an arrangement well
tailored to local circumstances and by the time required by potential
bidders to develop considered offers.

Managing the contract

Contract closure marks the beginning of an ongoing partnership be-
tween the public and private sectors. The quality of the contract and
the quality of the contractual partner are very important to the suc-
cess of this partnership, but so too are the institutional arrangements
put in place for maintaining and governing the partnership and for
perpetuating competitive pressure on the private partner. Most
public±private partnerships are long, and planning for their mainte-
nance is critical. The poorer the quality of information at the start
and the greater the doubts of both parties about their relationship,
the more inevitable renegotiations of the original deal will be and the
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more important it is to introduce robust provisions for renegotiation
and to supplement competition at the bidding stage with future com-
petitive pressures.

Contract renegotiation

Most initial contracts are based on incomplete information. But even
if a contract were bid on the basis of perfect present information, the
future holds uncertainties that cannot be handled by contract. So
careful provision must be made to deal with unexpected events over
the life of a contract. These provisions can turn out to be even more
important to success than the initial terms of the contract. The issues
that should be covered by contractual and institutional provisions
for renegotiation and adjustment of contracts include four general
essential elements: the conditions under which adjustments to the
contract terms can be made; guidelines determining when and under
what conditions contract renegotiation must occur rather than price or
service adjustments by agreement or by regulatory discretion; the
process by which renegotiation must be initiated and conducted; and
the de®nition of clear arbitration provisions.

Maintaining competitive pressure

In the water and sanitation sector, where monopoly power is inevi-
table, one important function of the regulatory system is to attempt to
ensure that private companies operate as ef®ciently as they would
have to in competitive markets. Some competitive pressure is intro-
duced when companies compete to win a private sector contract, but
it is short lived. Regulators can exert longer-lived competitive pres-
sure by: (a) allowing direct competition, say at the boundary of a
concessionaire's area or for speci®c new services within its area, and
by ensuring that major new capacity expansions are not simply
negotiated with the incumbent but are bid for; (b) using yardstick or
comparative competition to monitor and assess the performance of
the private sector operator; and (c) choosing a form of price control
that explicitly requires the company to make ef®ciency gains.

Preventing undue outside interference

Once a contract has been awarded to a private company, it is the job
of that company to run the business in accordance with the agreed
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contractual and regulatory conditions. This may seem an obvious
point. But experience suggests that great care is needed to ensure
that regulators do not become involved in the day-to-day manage-
ment of the utility. Regulatory tasks ± and regulatory staff ± need to
be focused on desirable outcomes, not on how to achieve these out-
comes. For example, it is the regulator's task to specify a standard for
drinking water quality and to establish a system for monitoring per-
formance against this standard. It is the company's task to decide
what technical measures and operating practices are needed to meet
the standard. When a government speci®es the regulator's duties and
decides on the appropriate staf®ng and skill mix for the regulatory
agency, it must have a clear understanding of the dividing line be-
tween regulation and operational management.

Conclusions

One of the great challenges for the twenty-®rst century is to provide
present and future populations with adequate and safe water and
sanitation. In addition, the protection of the world's water resources
from unsustainable exploitation and the safeguarding of the aquatic
environment require prime attention. The ®nancial resources required
to provide facilities for the many who do not have access to these
services today and for future generations to come are enormous.
Financial resources alone are not suf®cient. Fundamental improve-
ments in human capacity to manage and operate these services better
are also needed. To this effect, past and present restrictive sector de-
velopment policies based on the public sector have proven to be in-
effective. The greatest need for reform is in middle- and low-income
countries where both ®nancial resources and capacity are more lim-
ited than elsewhere.

The private sector as provider of services and materials, and also as
operator and ®nancier of water and wastewater infrastructure, will
have to play an important role in the future development of the sec-
tor. Involvement of the private sector is not new. In some countries it
has been working for more than a hundred years. Recently, countries
and cities throughout the world, including those in low- and middle-
income countries, have increasingly looked to the private sector for
expertise and ®nancial resources. Yet many decision-makers are re-
luctant to seek the assistance of the private sector. In great measure
this reluctance has its cause in misunderstandings and insuf®cient
understanding of how the private and public sectors can work to-
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gether for mutual bene®t. The following conclusions summarize the
salient points to consider in making decisions regarding the involve-
ment of the private sector in municipal water and wastewater.
. Many examples exist throughout the world that demonstrate clearly

that private sector participation can make signi®cant contributions
to improving the ef®ciency of utility management and operations
and providing capital for investments; among many examples, the
Buenos Aires concession stands out.

. The private sector can participate in many different ways, ranging
from simple service contracts to leases and concessions to full
divestiture; in these arrangements the division of responsibility and
risk between the public and the private sector varies widely. Need
and ®nancial and legal conditions determine which of the many
options are feasible and sustainable in a particular setting; careful
analysis is needed to choose an appropriate option.

. Because of the natural monopoly features inherent in the provision
of water and wastewater services, the private and public sectors
must form partnerships. Enabling contractual and regulatory struc-
tures and relationships are essential to ensure that: (a) the private
sector discharges its responsibilities ef®ciently and receives a fair
return on its investment; and (b) the public sector monitors the
performance of the private sector to ensure that the private partner
discharges its responsibilities as agreed. Appropriate regulatory/
contractual arrangements are of key importance in structuring the
relationship between the public and private sector.

. The choice between the various private participation options
depends on the problems to be resolved, but also on the ®nancial
capacity, stakeholder opinion, and the legal/regulatory environment
in a country. The presence of a political champion is essential.

. The greater the involvement of the private sector in terms of taking
on performance responsibilities and commercial risk, the higher the
need for an enabling environment that provides comfort to the pri-
vate sector.

. The best way to acquire a ``good deal'' is through competition
among prospective quali®ed private providers of services; competi-
tion is the best way to ensure the lowest-cost deal and to dispel any
notion of impropriety associated with a sole source negotiated deal.

. Introducing the private sector and choosing the most advantageous
option are complex tasks, particularly in countries where no previ-
ous experience exists. Careful analysis is need to determine feasible
objectives, deal with technical, ®nancial, and regulatory issues, and
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prepare for and implement the bidding and contracting process.
Competent and independent advice from consultants is essential to
ensure a successful outcome, i.e. a lasting relationship bene®cial to
all parties.
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8

Emergency water supply and
disaster vulnerability

Charles Scawthorn

Introduction

While the twenty-®rst century is anticipated to be characterized by
major population and mega-city growth,1 with many technological
and social advances, one thing that will not change is the threat of
great natural disasters, such as earthquake, wind, drought, and ¯ood.
Urban water supply systems are vitally required for day-to-day exis-
tence, commercial and industrial operations, and emergency ®re-
®ghting. With major urban growth, mega-city water supply will be-
come more vulnerable, owing to water being conveyed over great
distances by only one or a few major canals or pipelines. Tokyo, Los
Angeles, Mexico City, Beijing, and other mega-cities may thus be
faced with loss of drinking water for extended periods as a result of
natural catastrophes, which in some cases can be accompanied by
great ®res or other additional demands for water.

Loss of water supply during disasters has led to severe public
health problems and occasional con¯agrations and catastrophic losses
(Scawthorn and O'Rourke, 1989; Scawthorn, 1996a), which might have
been avoided given an assured and adequate, or reliable, water sup-
ply. Reduction of the potential for loss of urban water supply due to
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natural disasters is a dif®cult task, but can be accomplished via a
judicious combination of: planning; development of disaster-resistant
structures and other features in the water supply system; and devel-
opment of alternative potable water supplies, or delivery systems
balanced for the speci®c situation. The purpose of this paper is to
describe recent developments that provide insights into the appro-
priateness of each of these technologies.

Development of a reliable water supply

In order to ®nd the appropriate balance of technologies, several steps
are required. These steps in effect constitute the development of a
reliable water supply system, and are shown in ®gure 8.1. They con-
sist of:
. De®ning performance criteria for the water supply system ± that is,

how much water, of what quality, and with what reliability of deliv-
ery is required?

. De®ning the range of options available for the collection and con-
veyance of the water ± that is, what are the alternative design
measures and schemes?

. Analysis of the alternatives to determine the probability, or relia-
bility, of the system attaining the performance criteria, under these
various alternatives.

. Cost±bene®t analysis, to ®nd the optimum combination of alter-
natives attaining the performance criteria.
Of these major steps, perhaps the most elusive has been the de®-

nition of performance criteria ± that is, how much is enough (in this
case, water)? In general, the performance goals for water systems are
to provide suf®cient supply for: (a) potable supply (desirable within
hours, although can be tolerated for weeks), (b) timely recovery of
industry (days to weeks), and (c) occasionally, immediate ®re sup-
pression (delivery required within minutes). The remainder of this
chapter seeks to inform the reader about the present status of this
problem, by reviewing the performance of water supply systems in
several recent disasters, providing an overview of water supply relia-
bility methods for the lay reader, describing several case studies
where water reliability or other technologies have been applied to
reduce potential disaster vulnerability and assure emergency water
supply, and, lastly, presenting a proposal regarding an international
solution to this problem.
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Performance of water supply systems in recent disasters

Water systems have historically been vulnerable to natural hazards;
the great disasters of San Francisco in 1906 and Tokyo in 1923 are
two of many examples. This vulnerability however is not con®ned to
the historical past ± modern water supply systems have performed

Fig. 8.1 Generalized methodology for water system reliability analysis (Source:
Scawthorn, 1996a, after Scawthorn et al., 1995)
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unevenly in recent incidents. In order to highlight the vulnerability
of our modern and future cities and some of the key de®ciencies,
I brie¯y review here the performance of water supply systems in
selected earthquakes, ®res, ¯ood, and refugee situations, all during
the past decade.

Earthquake

California, 1989 and 1994
The 1989 earthquake in Loma Prieta, California, which measured
M7.1,2 was a signi®cant event that caused a partial collapse of the San
Francisco±Oakland Bay Bridge (one of the world's largest bridges),
the loss of 1,000 ft (300 m) of airport runway owing to liquefaction at
the Oakland International Airport, and the collapse of modern free-
ways and buildings throughout the San Francisco Bay Area. A num-
ber of water systems were affected:
. the San Francisco Municipal Water Supply System (MWSS) sus-

tained about 150 breaks, many in the Marina (Scawthorn and
Blackburn, 1990), where service was disrupted for weeks;

. a number of breaks were sustained by the East Bay Municipal
Utility District (EBMUD) (Eidinger et al., 1995);

. the special aseismic San Francisco Auxiliary Water Supply System
(AWSS) sustained very few breaks, but performance was still
impaired for several hours owing to operational errors; although
this performance con¯icted with its specialized aseismic function,
the system responded adequately to a potential con¯agration within
one hour of the earthquake, and service was restored rapidly
enough to be available had a major con¯agration developed
(Scawthorn et al., 1990).
The 1994 Northridge M6.7 earthquake was also a signi®cant event,

affecting the greater Los Angeles region. As with the 1989 event,
several major freeways and buildings collapsed, but signi®cant earth-
quake strengthening programmes had been in place since before the
1989 event, and their cumulative impacts reduced the potential dam-
age. Nevertheless, the total monetary damage for this event has been
estimated at US$40 billion, making it the largest natural disaster in
modern US history in ®nancial terms. Water service was lost in a
major portion of the San Fernando Valley region of Los Angeles as a
result of about 2,000 breaks, and LAFD was forced to resort to
drafting from backyard swimming pools to combat an estimated 109
ignitions. Although there were many ®res, no con¯agration devel-
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oped, owing in part to favourable conditions but also in part to the
®res being suppressed early given the modest water supply from
these swimming pools. Overall, service was restored within several
days (Eguchi and Chung, 1995).

Japan, 1993 and 1995
Relatively small communities were affected by the 1993 Okushiri
M7.4 earthquake event in northern Japan, but water supply aspects
were notable because the Aonai village system supply was lost at a
river crossing because of pipe breakage and, when a con¯agration
developed, ®re-®ghters were prevented by tsunami debris from
drafting from the ocean, although it was only a few hundred metres
distant (Yanev and Scawthorn, 1993).

The 1995 Hanshin M6.9 earthquake is probably the most signi®cant
earthquake to have affected a modern industrialized society in recent
times. Many modern buildings, bridges, and freeways collapsed, as
well as thousands of homes, resulting in over 6,000 fatalities. The
total damage for this event has been estimated at US$100 billion,
making it the largest natural disaster in modern history in ®nancial
terms. Water service was lost in virtually the entire urbanized area of
Kobe as a result of about 2,000 breaks. The ®re department was
confronted with about 110 ®res very soon, and was unable to relay
adequate water, resulting in several con¯agrations. Potable supply
was signi®cantly impaired: service was restored to 50 per cent of cus-
tomers in 10 days, but 20 per cent were still without supply one
month later (Ballantyne, 1995).

Fire

The 1991 Oakland Hills and the 1993 Southern California ®res are
examples of con¯agrations requiring large amounts of water for an
adequate response. When the Oakland Hills area was ®rst developed,
heavy vegetation and numerous trees were planted in conjunction
with extensive home-building. These brush zones contributed to the
intensity of the 1991 con¯agration. The hilly area required special
pump stations and hill-top tanks for water supply. Because the pumps
were not of large capacity, the tanks were soon exhausted and there
was no water supply available for suppression. In Southern Califor-
nia, the Santa Ana winds combine with extremely ¯ammable brush in
the mountains and the wildland±urban interface to create explosive
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®re conditions, which have resulted in major con¯agrations at regular
intervals in Southern California's history.

Flood

On Sunday, 11 July 1993, the Des Moines Water Works treatment
plant in Iowa was submerged by ¯oodwaters from the Raccoon
River, leaving Des Moines without drinking water and ®re protec-
tion. The plant treats water for 250,000 people. The ¯oodwaters
receded within two days, the plant site was dewatered, and the ®rst
®nished water pump motor was pulled for reconditioning. The treat-
ment plant was back in service by 16 July, and water was being
pumped into the system the following day, seven days after the sub-
mergence. The distribution system was ®lled and pressurized within
12 days, and water quality was restored for drinking 19 days after the
treatment plant was ¯ooded. Final restrictions were removed 29 days
after the initial ¯ooding. There was a total of US$12 million damage,
US$10 million of which was covered by insurance. The Federal
Emergency Management Agency reimbursed most of the balance.
There was an additional loss of US$2 million in lost revenues.

In April 1997, the Grand Forks metropolitan area in North Dakota
(total population 100,000) was devastated by a major ¯ood requiring
the evacuation of 60,000 persons. The Red River of the North, the
source of the ¯oods, was also the sole water source for the community,
and mechanical and electrical equipment in riverside water treatment
plants was severely damaged. However, as with Des Moines, the water
service was restored relatively rapidly, within several weeks. Total
damage for this event is estimated in excess of US$1 billion.

Refugee camps

Starting on about 13 July 1994, there was a sudden in¯ux into Zaire
of 1.5 to 2 million Rwandan refugees, owing to a civil war in the
Rwanda area (Biswas and Tortajada Quiroz, 1995). Camps were
hastily sited and, in some cases (like Kibumba), no water was avail-
able. This was despite the fact that the availability of clean drinking
water is a priority requirement of UNHCR camp-siting policies
(UNHCR, n.d.). On the basis of a ®eld reconnaissance, Biswas and
Tortajada Quiroz (1996) noted:
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Because of the volcanic nature of the land around the camp, all drilling
attempts by Oxfam and SIDA (Swedish International Development
Agency) to ®nd water have so far been unsuccessful . . . In terms of current
health problems, the main one is diarrhoea. Dysentery is being reduced and
occurrence of cholera has not been observed for some time. Malaria (Plas-
modium falciparum) has been a chronic problem. All these diseases are
water-related.

When the camps were set up in late July, cholera had been the cause
of major loss of life, which is described in the section on ``Applica-
tions'' below.

These examples illustrate the following points:
. it is very dif®cult to avoid all disaster damage,
. general performance criteria can be achieved, even with consider-

able damage,
. when performance criteria are not achieved, catastrophic damage

to water systems and loss of life can occur.
As outlined in the introduction, mitigation of this potential for

catastrophic damage and loss of life requires the development of
reliable water supply systems. Several steps are required for this, so
the next section provides an overview for the lay reader of water
supply reliability methods.

Overview of water supply reliability methods

Adequate water supplies can be assured (i.e. made reliable) via an
optimum design programme involving: robust hardware, alternative
¯exible emergency response resources, redundant supplies and net-
works, and real-time control systems.

Although urban water supply systems are notable for the high
degree of redundancy of their distribution networks, they are also, in
a larger sense, signi®cantly serial in nature. That is, many urban water
supply systems are typically serially connected sub-systems, with
many cities having only one major supply/watershed, connected by
transmission along only one right-of-way, and with only one or a few
treatment plants prior to connection to terminal reservoirs and the
highly interconnected distribution system. Of course, each of these
sub-systems (especially the distribution system) is more complex. For
the overall serially connected system, or any of the sub-systems, two
types of analysis can be performed:

Emergency water supply and disaster vulnerability

206



(a) Connectivity analyses measure post-earthquake completeness,
``connectedness,'' or ``cut-ness'' of links and nodes in a network.
Such analyses ignore link, node, or system capacities and seek
only to determine whether, or with what probability, a path re-
mains operational between given sources and given destinations.

(b) Serviceability analyses seek an additional valuable item of infor-
mation: if a path or paths connect selected nodes following an
earthquake, what is the remaining, or residual, capacity between
these nodes? The residual capacity is found mathematically by
convolving link and node capacities with network ``connected-
ness.''

Thus, serviceability analyses seek to determine adequacy. For the
simplest series system (assuming each element is independent),

START A B n End

the probability that Start will be connected to End (denoted Ps �
probability of survival) is simply:

Ps � PA
s NPB

s N . . . �
Y

Pn
s ;

where PA
s is the probability of survival of link A, etc. The probability

that ¯ow greater than x will be transmitted from Start to End, or the
probability that the system will be serviceable for ¯ow x, is similarly
the product of the probabilities that each link A, B, . . . , n will trans-
mit ¯ow greater than x or be serviceable to that level (note that this
treats the links as independent). For parallel and especially for more
complex networks, Monte Carlo techniques are typically employed,
especially for serviceability analyses (see Scawthorn et al., 1993, for a
review of the methods employed in these types of analysis).

Using this type of analysis, the probability of non-serviceability or
failure, PF � 1ÿ Ps, can be determined, and combined with the con-
sequences of failure to determine the expected cost of failure. For
example, analyses may show that a number of ignitions will occur as a
result of an earthquake, and that these ignitions will grow into a
con¯agration of dimensions such that N buildings and property will
be destroyed by the ®re. If the analysis also determines that x ¯ow of
water is required to prevent these ignitions from growing into a con-
¯agration, then the expected cost of failure given the event is PF NN,
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where PF is the probability of failure to provide x ¯ow of water. The
expected cost of failure can be compared with the cost of stronger or
additional pipe, or other mitigation measures, in a cost±bene®t ana-
lysis to determine the optimum reliability-based design. Note that in
this cost±bene®t analysis, the avoided cost of failure is the ``bene®t''
(which is derived by investing in the improvements of additional pipe,
etc.).

Applications

The techniques outlined in the previous section have been employed
in recent projects in an effort to assure reliable water supplies in
several cities. Each case was unique, but all the projects began with
identi®cation of existing vulnerabilities and determination of the
urban region's appropriate reliability requirements.

Contra Costa Water District

Contra Costa Water District (CCWD) serves approximately 400,000
people in the San Francisco Bay Area (Contra Costa County), draw-
ing its water from the Sacramento Delta and transporting it along the
77 km Contra Costa Canal (open channel). The basic CCWD system
consists of the canal conveying water to the Bollman Water Treat-
ment Plant (BWTP), whence treated water enters a distribution net-
work that includes a number of pressure zones with associated pump
stations, tanks, etc. The majority of demand is in the western portion
of the District, whereas the water is drawn at the extreme eastern
edge. Average daily demand for the entire system is approximately
454,000 m3 (120 million gallons/day, mgd) (Avila and Chan, 1995).
Because of population growth, the CCWD planned capital improve-
ments of about US$160 million but, considering it is located in a
seismic region, wished to take earthquake and other hazards into
consideration in its capital improvements programme.

The ®rst step in the reliability-based design for this system con-
sisted of de®ning stress events, which included both regional stress
events (earthquake and associated ®res, wildland±urban interface
®res, the spillage of hazardous materials, and regional power loss)
and local stress events (industrial ®re, windstorm, local power failure,
explosion/transport accident, landslide). Preliminary analysis showed
that ®res would be serious stresses on the system reliability. Earth-
quake events considered in the analysis were an M7 Coast Range
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Sierra Block and a nearby M6.5 Concord Fault event. The M6.5
Concord event was found to result in likely damage to selected
CCWD facilities and about 40 serious ®res, with a total required ®re
¯ow of about 97,000 gallons/minute (gpm; 388,000 litres/minute).
Methods used for the ®re following earthquake (FFE) analysis have
been presented previously (Scawthorn, 1987).

A serviceability/reliability analysis as de®ned above was performed
for the system consisting of the canal, the BWTP, and the distribution
network (including tanks, pump stations, etc.). The ®ndings were that
the probability of meeting FFE demands (i.e. reliability) varied by
service zone, from very low (<10 per cent) to moderate (>80 per
cent). Qualitative system component reliability is shown in table 8.1.
System reliabilities for wildland±urban interface ®res and major in-
dustrial ®res were signi®cantly higher.

A variety of projects were identi®ed in order to improve system
performance. The 16 different upgrades in 20 combinations are indi-
cated in ®gure 8.2, which shows the resulting system reliability im-
mediately following a Concord M6.5 event increasing qualitatively to
the right. A cost±bene®t analysis was then performed, incorporating
the cost of these improvements versus the expected loss as a result of
the earthquake (where loss includes direct damage, plus loss due to
failure of the water service, primarily due to ®re losses resulting from
the earthquake). The total cost (i.e. the cost of improvements plus
loss due to the earthquake) was higher for iterations 1±10, dipping to
a low for iteration 17, the optimum (least total cost). This and several
other near-optimum iterations all incorporated the backbone im-
provement, a carefully selected trunk line routing avoiding poor soils.

Table 8.1 CCWD system qualitative reliability summary: Fire following M6.5 Con-
cord Fault earthquake

Facility Reliability

Existing raw water system
Canal Moderate
Raw water pump stations High
Reservoir Low

Existing treated water system
BWTP Low
Storage tanks Moderate
Pump stations High
Pipelines Low
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With heavy-wall pipe, special joints, and isolation valves, this routing
has a high likelihood of being functional following a large earthquake
and, because its routing has been chosen to be within 1 mile (1.6 km)
of virtually all customers, it would be a reliable post-earthquake
source of ®re-®ghting water for the District.

San Francisco

San Francisco, with a population of 700,000 and total consumption of
about 300 mgd (1.2 million m3 per day), derives its water via the
Hetch Hetchy system, which also serves 1 million people on the San
Francisco Peninsula. The Municipal Water Supply System (MWSS)
distribution network within the City of San Francisco contains 1,900
km of pipe, of which about 89 per cent is cast and ductile iron. The
eastern portion of the city, which contains the central business district
(CBD), also has signi®cant areas of lique®able soils (6.7 per cent of
total length). The MWSS con®guration is such that the CBD, served
almost exclusively from the University Mound terminal reservoir, will
have its feeder mains interdicted by breaks in these lique®able soils
(as happened in 1906). The MWSS was chosen as the case study for

y

Wastewater Tank
Clearwell
Operations Bldg
Sed & Floc. Basin
Control / Ops Bldg
LV Reservoir
Intertie
Canal
WTP Improvement 130 mgd
WTP Improvement 80 mgd
BP Addition

Yr Projects
Yr Projects

TW Master Plan Projects
Backbone System
Reservoir upgrade

Improvement    / Iteration No ----> 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Treated Water System Reliability, Immed.
After Concord M 6.5 Event ( base case

Improvement Iteration No.

Sed. & Floc. Basin

Treated water system reliability, immediately
after Concord M 6.5 event (base-case reliabilityF2%)

Fig. 8.2 Iteration alternatives for CCWD cost±bene®t analysis
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the ATC 25-1 Model Methodology (Scawthorn, Khater, and Rojahn,
1993). This study analysed the MWSS for an M8.3 San Andreas event
(similar to that in 1906), and determined that the MWSS would sus-
tain about 925 breaks in toto (0.48 breaks/km). It is of interest to note
that the MWSS sustained about 150 breaks in the 1989 Loma Prieta
earthquake, of which 95 per cent were due to liquefaction. The ATC
25-1 study examined in detail the time required for restoration and
the economic impacts resulting from these breaks, ®nding overall that
signi®cant portions of the system would be out of service for about
two weeks, that various parts of the city (disaggregated by zip code)
would have 20±40 per cent loss of function at one month after the
earthquake, and therefore would sustain indirect economic losses
ranging from 7 per cent to 14 per cent of the monthly gross product of
the zip code. The effects of ®re following earthquake were not con-
sidered in this analysis, but it was obvious that the MWSS was quite
unreliable as a post-earthquake emergency water supply. This con-
clusion had been obvious following the 1906 earthquake, which had
led to the construction of the Auxiliary Water Supply System
(AWSS).

The AWSS is a special high-pressure system maintained by the San
Francisco Fire Department. Completely separate from the MWSS,
the AWSS comprises approximately 129 miles of cast iron and ductile
iron pipe serving approximately 1,500 hydrants. The AWSS does not
serve buildings, is not a potable supply, and is especially concentrated
in the high-value north-east quadrant of the city (the only built-up
area when the system was constructed; see ®g. 8.3). It has numerous
redundant features, including several alternative water sources (two
pump stations on San Francisco Bay capable of delivering 10,000 gpm,
a 10 million gallon reservoir, 172 cisterns of 75,000 gallons each, and
®reboat manifolds).

Analysis of the AWSS in the late 1980s indicated that the system,
although very robust and reliable compared with ordinary water sys-
tems, still had vulnerabilities, owing to its interconnectedness and the
time required to isolate breaks, and that the system also did not pro-
tect the entire city, which had grown considerably since its initial
construction (Scawthorn et al., 1988). This was con®rmed soon
thereafter, when the AWSS sustained only a few breaks in the 1989
Loma Prieta earthquake, but lost all pressure in the Lower Zone for
several hours until breaks could be isolated. As a result, the existing
AWSS is installing special radio-controlled seismic motor-operated
valves (MOV) at a number of locations. These valves close automat-
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ically in an earthquake, but are radio-controlled with stand-alone
power supplies and can be opened and closed from a central and
backup locations. As a result, the AWSS will be very reliable.

In order to extend the AWSS protection to outlying parts of San
Francisco, the Department of Public Works is cooperating with the
San Francisco Fire Department to build a dual-use ®re protection/
reclaimed water (RCW) system (®g. 8.3). The design of this system
was reliability based, and began with a detailed analysis of three dif-
ferent demand conditions: (a) an M8.3 event on the San Andreas
fault, similar to the 1906 event, with associated ®res following the
earthquake; (b) potential non-earthquake-related large ®res; and (c)
irrigation demands. Large non-earthquake ®re demand was based on
an analysis of approximately 50,000 ®res occurring during the 1980±
1993 period, including a sub-set of almost 400 large ®res. The proce-
dure employed for the reliability analysis is shown in ®gure 8.1 above.
Results are indicated in table 8.2.

Fig. 8.3 San Francisco Auxiliary Water Supply System, including dual-use addition
in western portion of San Francisco (Source: Scawthorn et al., 1995)
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Table 8.2 Reliability analysis: San Francisco reclaimed water/®re protection dual-use addition

Required capacity

Max. size RCW Large ®res
Earthquake ®res
(Avg/Prob Max)

Reservoir 106 gal. 103 m3 106 gal. 103 m3 106 gal. 103 m3 106 gal. 103 m3 Reliabilitya

Richmond 5 20 2.8 11.2 2.8 11.2 12/22 48/88 RCW
Fire
FFE

VH
H
NA

Sunset 15 60 4.0 16.0 4.5 18.0 9/14 36/56 RCW
Fire
FFE

VH
VH
MH

South 20 80 4.2 16.8 5.0 20.0 16/24 64/96 RCW
Fire
FFE

VH
VH
MH

a. Reliability is de®ned as the likelihood that the system will be able to meet performance criteria: VH � very high (g90%); H � high (about 90%);
MH � moderately high (50%@ 90%). RCW � reclaimed water; Large ®re � non-earthquake ®re emergency; FFE � ®re following M8.3 earth-
quake; NA � not available.
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Vancouver

Vancouver (population 400,000), like San Francisco, is located on the
Paci®c ``ring of ®re'' and has a signi®cant history of earthquakes. A
study by KJC Engineers et al. (1993) for example employed an M7
earthquake within 50 km of Vancouver as its design basis or 475-year
event. This is comparable to but larger than the 1989 Loma Prieta
event, which caused signi®cant liquefaction and a number of ®res in
San Francisco. In contrast, however, the Vancouver region and the
City of Vancouver in particular have an especially vulnerable water
supply (as con®rmed by the study by Ballantyne et al., 1996). The
City of Vancouver receives most of its water from the Capilano (via
the 1st Narrows Crossing) and Seymour (via the 2nd Narrows Cross-
ing) reservoirs. Both of these pipelines cross potentially lique®able
alluvial deposits on the north shore of Burrard Inlet, so there is a
high probability of failure of water delivery to Vancouver (an addi-
tional source is Coquitlam, but this has also been judged likely to fail
in the same event). In 1986 a break occurred at the 1st Narrows
Crossing, resulting in dif®culties in closing the Capilano transmission
line (owing to the butter¯y valves), and water restrictions in Van-
couver during the repair period.

Within Vancouver, storage consists of one Greater Vancouver
Water District reservoir, Little Mountain Reservoir (LMR), dedi-
cated for use by the City of Vancouver, with two other reservoirs
(Kersland and Sasamat) used by GVWD for operational capacity.
LMR has a capacity of 30 million Imperial gallons (Ig), insuf®cient
for one day's supply during peak summer months. Should an earth-
quake result in signi®cant pipe breakage, Little Mountain Reservoir
would likely be quickly drained. Approximately 75 per cent of
Vancouver's current water mains are cast-iron pipe, which is rela-
tively weak and brittle and prone to break under earthquake shaking
(EQE, 1990).

Regarding ®res following earthquakes in Vancouver, no systematic
engineering assessment has been performed comparable to that for
San Francisco, Los Angeles, and other North American cities (Scaw-
thorn and Khater, 1994). One study (EQE, 1990) brie¯y considered
the problem, concluding that: ``Emergency water demand is estimated
to be 20,000 to 30,000 Igpm for ®re ®ghting for several hours follow-
ing an earthquake, or approximately 7 million Imperial gallons.''

In recognition of the relatively high risk in the Lower Mainland,
the City of Vancouver has followed the example of San Francisco and
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embarked on construction of a high-pressure Dedicated Fire Protec-
tion System (DFPS), which will contribute enormously to the protec-
tion of the high-value parts of the city, and in general all parts of the
city (Mickelson and Moore, 1995). The DFPS is envisioned eventu-
ally to comprise four 10,000 Igpm pump stations (located at Coal
Harbor, False Creek, the south shore of English Bay, and west of
downtown, near the 2nd Narrows Crossing), connected by looped,
seismically resistant, high-pressure high-volume pipe (®g. 8.4). The
False Creek DFPS pump station was commissioned in September
1995, and, as of this writing, the Coal Harbor DFPS pump station was
complete. Plans are under development for the construction of the
®rst phase of a pipeline connecting these two pump stations.

System reliability analyses for the relatively small DFPS network
were performed, and found that reliability of the DFPS pump stations
was a key component of overall reliability. In order to assess the
pump station reliability, pump station component relationships were
mapped in a Fault Tree Diagram and combined with component fra-
gilities to assess overall pump station reliability.

Component seismic fragilities are de®ned as the probability of loss
of function of the component, given a measure of seismic ground

Fig. 8.4 Dedicated Fire Protection System, City of Vancouver (Source: Scawthorn,
1996b)
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motion (such as peak ground acceleration). Loss of function of the
component refers to the earthquake preventing proper functioning of
the component; for example, a pump not being able to function be-
cause the electrical relays in the motor control cabinet have been
damaged by earthquake vibrations. Component seismic fragilities can
be determined via several methods, including:
. testing, such as on a shake table ± this is an expensive procedure,

and does not replicate ®eld installations and the effect of other
nearby structures and equipment on the component;

. analytical, that is, calculations based on inherent factors of safety ±
this is also relatively expensive, because it requires the develop-
ment of modes of failure and considerable materials and other data
for the analyst;

. experience based, that is, statistical or bounds based on the perfor-
mance of similar components in actual earthquakes ± although
requiring extensive data collection, this has proved to be a very
powerful approach (Scawthorn et al., 1992).

The actual component fragilities employed in the DFPS pump station
reliability assessment were derived from the EQE Earthquake Ex-
perience Data Base, the world's largest data base of earthquake
experience performance, with over 250,000 data items collected from
65 earthquakes since 1971.

Station reliability analysis was performed using standard methods
of fault tree analysis, and proved to be a valuable tool in prelimi-
nary design, serving to provide a framework for determining the
number and layout of pumps, drives, backup power, and other station
components.

Zaire refugee camps

As noted above, in July 1994, as a result of a civil war in Rwanda, 1.5
to 2 million Rwandan refugees crossed the border into Zaire. As
noted by Biswas and Tortajada Quiroz (1995):

The in¯ux of Hutu tribespeople from Rwanda into Zaire is unprecedented.
Never before in history has so many people moved to a new country within
such a short time, nor has such an economically disadvantaged nation ever
been forced to take in so many refugees.

Some of the refugee camps had no satisfactory drinking water
available at the site. The water and sanitation conditions at the vari-
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ous camps were such that a cholera epidemic occurred, resulting in
daily mortality rates of 6,500 persons per day.

In order to alleviate this situation, an aid mission including a spe-
cialist technical contractor from the United States (Portable Water
Supply System Co. Ltd, of Redwood City, CA) arrived in Goma on
26 July and established a potable water supply within 24 hours. This
conveyed water from a lake source about 10 km away in high volume
via a large-diameter hose system. A schematic of the water distribu-
tion system set up by PWSS is shown in ®gure 8.5. The system con-
sisted of the following components:
. A specialty ¯oating pump, termed the Hydrosub, manufactured in

the Netherlands and capable of furnishing approximately 4,000
litres per minute at 10 bar. The Hydrosub has several attractive
features including: a relatively lightweight portable pumphead (ap-
proximate weight, 50 kg), which ¯oats on the surface and can draft
water and other liquids from the surface (i.e. it is also useful for
chemical spills) in shallow waters (e.g. 50 cm); a hydraulic power
supply delivered via hydraulic lines up to 100 m long, driven re-
motely from a diesel engine, as shown in ®gure 8.5; portability ± the
entire Hydrosub including diesel engine, pump head, and fuel supply
is trailerable.

. A large-diameter hose (LDH), in this case 125 mm in diameter,
capable of carrying service pressures in excess of 20 bars. Approxi-
mately 2 km of LDH can be carried on a vehicle that is portable by air.

. Portable hydrants, consisting of a special casting with four gate
valves. Portable hydrants are interspersed every several lengths of
LDH, so that branch LDH or other hose can be coupled into the
supply main, and water taken off at will.

. Pressure-reducing valves (not shown in ®g. 8.5), modelled after the
Gleeson valve design, which are lightweight and allow precise
pressure setting irrespective of ¯ow volume.

Final delivery was 1.6 million litres per day. This water was chlori-
nated at 5 ppm using portable chlorinators, achieving a residual dose
of 0.75 to 1.0 ppm at delivery points. Water distribution was via taps
branched off the LDH using manifolds, as well as via 100 tanker loads
per day distributing in the camps.

As indicated in ®gure 8.6, the incidence of cholera, dysentery, and
dehydration dropped from about 6,000 cases per day to fewer than
1,000 within 11 days of this system's installation. Mortality, too,
dropped precipitously following the delivery of potable water (®g.
8.7).
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Fig. 8.5 Rural water puri®cation distribution system (Source: PWSS Ltd., Inc.)
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Fig. 8.6 Incidence of cholera, dysentery, and dehydration in refugee camps in Goma,
Zaire, July±August 1994 (Note: water supply operation by US Army and PWSS
began on 26 July. Source: UNHCR Medical J5-HOC GOMA)

Fig. 8.7 Daily mortality in refugee camps in Goma, Zaire, July±August 1994 (Note:
water supply operation by US Army and PWSS began on 26 July. Source: UNHCR
Medical J5-HOC GOMA)
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The concept of an emergency water supply system

The foregoing sections have illustrated the following points:
1. urban water systems have not performed well in a variety of recent

natural hazards;
2. methods are readily available to assess the vulnerability of these

systems to natural hazards and to develop cost-effective mitigation
measures;

3. these methods are readily applied, as has been illustrated by sev-
eral recent examples.

However, the widespread application of these methods to achieve a
reduction in vulnerabilities of urban water supply systems is unlikely
to occur in the near or mid-term. This is for a number of reasons, the
primary one probably being lack of resources.

On the other hand, water systems are rarely likely to become dis-
rupted by natural hazards for extended periods. The most important
damage is usually to transmission piping, pumps, water treatment
plants, and other facilities that can usually be repaired within a few
days to weeks. Longer-term repairs to perhaps thousands of breaks in
distribution piping may require months, but local potable water dis-
tribution can be effected by tankers or above-ground temporary
mains.

None the less, the examples in this chapter have shown that even
short-term disruption to water systems can be suf®cient to result in
catastrophic loss of life and property, as in Tokyo in 1923 or in the
Zairean refugee camps. Although the need for water is relatively
immediate and on-going, it does not necessarily have to be of the
same quality, in the same quantities, or use the same delivery mech-
anisms as permanent installations. This leads to the recognition that
perhaps two kinds of emergency water delivery need exist:
. within minutes, e.g. for immediate ®re suppression or hazardous

materials response;
. within hours, e.g. for a potable supply.

Immediate need (for ®re suppression, etc.) is typically not wide-
spread. Rather it is con®ned to speci®c areas of a region, which can
be identi®ed prior to an event using standard planning methods. In
these areas, large volumes of water may be required (for ®re suppres-
sion for example) relative to the size of the area, but these volumes
of water will still be small relative to the regional needs of a popula-
tion. The problem is often not the supply, but transmission to a spe-
ci®c site. The chronic need for a potable supply on the other hand
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requires larger volumes. However, the real problem is distribution of
these volumes, in a capillary fashion, to populations measured per-
haps in millions. In this case, some compromises can be made, in that
tanker trucks or faucet manifolds at local distribution points will
suf®ce.

Consideration of these two different needs, and experience in sev-
eral of the case studies discussed above, lead to the realization that
both needs can be served by the same basic system, similar to that
deployed in the 1991 East Bay Hills ®re and in Zaire. This is a large-
diameter hose (LDH) system together with necessary appurtenances,
such as pumps, portable hydrants, valves, etc. In urban regions where
the need is likely to be immediate, such as large cities with wooden
buildings in the United States or Japan, LDH emergency water sup-
ply systems could be developed and deployed within cities, perhaps
by ®re departments themselves, so as to be available within minutes.
In other urban regions, where the need is measured in hours, LDH
emergency water supply systems could be located on perhaps a na-
tional or regional basis, so that they can be deployed by air, arriving
perhaps the next day (as occurred in the Zaire example). What
emerges from this is a concept of a global corps of LDH emergency
water supply systems, perhaps several dozen in number, located in
areas where the need for an emergency water supply would typically
be immediate. When disasters struck in other regions, where the need
could be met within say 24 hours, a few of the LDH emergency water
supply systems could be deployed from each nation or region to the
disaster-stricken area. This would constitute a major resource for
furnishing potable water supply to the population until satisfactory
repairs could be effected to the municipal system.

The need for an immediate water supply exists at a minimum in
con¯agration-prone areas, such as in Japan, the United States, and
New Zealand. If one LDH emergency water supply unit per 1 million
inhabitants were established in large urban regions, this would mean
about 20 in the Tokyo region, 10 in the Osaka±Kobe±Kyoto region,
10 in the Los Angeles region, 6 in the San Francisco region, and so
on. As an example, if a major earthquake struck Taipei, then the
deployment of perhaps two units from each of the larger regions (e.g.
Tokyo, Osaka, Los Angeles) would mean that within 24 hours some
12 km of LDH above-ground water mains could be laid in Taipei for
potable water supply transmission and distribution. This would be
suf®cient to provide survival water rations to the entire population.

This leads to the following proposal.
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Proposal
This paper proposes that the United Nations or other international
relief agency study the concept of an international system or corps of
LDH emergency water supply systems, located in a number of nations
or regions around the globe, to determine its potential for effective
disaster response. It is not proposed that the emergency water supply
corps be an agency of the United Nations or other international relief
agency. Rather, it is suggested that the United Nations or other
agency could provide a coordination role, by:
1. effectively and clearly establishing the need for such a corps,
2. developing appropriate standards for equipment, response, and

other parameters,
3. identifying nations where it would be appropriate to locate one or

several LDH emergency water supply systems, and
4. developing support within national ®re or other agencies in these

nations, for their participation in the corps.
This proposal is conceptual in nature and requires additional de®ni-
tion, but it provides the seed of an idea that I hope can be grown to
fruition.

Concluding remarks

Water systems have been damaged and lost functionality in several
recent disasters. To avoid this, several water supply projects have
employed reliability methods to determine system con®guration and
even details of hardware. Table 8.3 summarizes the reliability aspects
of these projects vis-aÁ -vis the reliability process de®ned above. Al-
though reliability analysis of pipe networks has been available for
some time, these projects were innovative in rationally de®ning sys-
tem performance criteria, quantifying these criteria via empirical and
analytical methods, and incorporating these criteria in an overall re-
liability and optimization framework. Without quanti®cation of per-
formance and direct linkage to system design via reliability and cost±
bene®t analysis, system design would have been based on prevailing
industry standards, with only a loose ®t to the system and its region's
speci®c needs. The result was a clearer understanding of system
needs and a more robust and cost-effective design.

It is clearly necessary for urban regions to implement this process.
However, a number of impediments, such as lack of resources, pre-
clude implementation of this process for many regions. To ®ll this
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Table 8.3 Summary of reliability aspects of case-study water supply system projects

Reliability
process Contra Costa Water District

San Francisco
MWSS

San Francisco
AWSS/RCW

Vancouver
DFPS

Performance
criteria

Stress events (earthquake,
large ®res, power loss,
etc.)

Non-major emergency Earthquake, large ®re,
irrigation

Fire following
earthquake

(example) M6.5 earthquake causes 40
®res, requires 97,000
gallons/min

Potable and commercial use M8.3 earthquake requires
12@ 22 million gallons

182,000 litres/min
(after limited
analysis)

Alternative
designs

20 combinations of 16
different upgrades

Not considered Various pipe routes,
reservoir con®gurations

Limited pipe routes
(pump station sites
constrained)

Reliability
analysis

Serviceability
(Monte Carlo)

Serviceability
(Monte Carlo)

Serviceability
(Monte Carlo)

Serviceability
(Monte Carlo)

Cost±bene®t
analysis

Yes No Limited Limited

Final design Backbone system and other
measures

None (case study only) New pipe, reservoirs, etc. 2 pump stations built;
pipe network under
design
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need, it is proposed that the United Nations or other international
relief agency investigate the concept of an international cooperative
corps of emergency water supply systems, with the aim of coordinating
multinational development and participation in such a corps.

Notes

1. See, for example, the excellent series of articles on mega-city growth and the
future in Fuchs et al. (1994).

2. Unless otherwise noted, M refers to earthquake magnitude as measured on the
moment magnitude scale.
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9

Conclusions

Juha I. Uitto and Asit K. Biswas

The world has seen an unprecedented growth in water consumption
during the twentieth century. Much of this increase can be attributed
directly to population growth, which has been especially pronounced
in the developing countries since the Second World War. The world
population has more than doubled since the 1950s.

This is, however, only part of the story. Per capita water consump-
tion has gone up dramatically, as well. This has been mainly due to
increased demand for agricultural water, although industrialization,
urbanization, and economic growth have contributed. As people get
richer they increase their water consumption. This lifestyle change is
now affecting large populations in the developing world. Economic
growth in the South is likely to lead to massive increases in water
consumption in coming years. Asit Biswas has shown in chapter 1 the
impacts of population growth, urbanization, and economic develop-
ment on the consumption of water on a global level. Although urban
consumption still represents a fairly small percentage of the total,
especially compared with agriculture, its share is going to rise in the
future.

The problems of urban water concern quality as much as quantity.
Urban areas produce huge amounts of sewage ± from both house-
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holds and industries ± and this causes problems for both human and
ecosystem health. Water-related diseases are prevalent, especially in
the poorer parts of developing country cities. Similarly, providing
suf®cient amounts of water to the growing urban centres is in itself a
challenge. It is thus obvious that solutions need to be sought on mul-
tiple fronts involving all stakeholders.

In the past, emphasis has been placed on infrastructure develop-
ment. Development of proper and suf®cient infrastructure for urban
water supply and sewage is, of course, necessary. However, more at-
tention must be paid to the soft side of water management, including
demand management. Improvements in policies, pricing, and opera-
tion and maintenance are equally important.

The ef®ciency of water-related infrastructure is often appallingly
low. In chapter 4, Rajendra Sagane highlighted the problems facing
four Indian mega-cities where demand for water is outstripping
supply. He concluded that much of the blame can be placed on poor
operation and maintenance of the systems. The emphasis has been
on the construction of costly infrastructure, while operation and
management of the existing systems have been neglected. There is
now an urgent need to move towards more ef®cient management.

The example of Japan serves to demonstrate what careful man-
agement can contribute to the ef®ciency of urban water supply. In
chapter 2, Yutaka Takahasi outlined the historical development of
the water supply and sewage works in Tokyo. The capital of Japan
has experienced remarkable growth during the twentieth century and
is now arguably the largest urban conglomeration in the world (with
some 31 million people in eight adjacent cities). Losses from the
urban water supply system of Tokyo have been reduced from 80 per
cent in 1945 to the current remarkably low 9.9 per cent. Infrastructure
development in Japan has now reached maturity. The problems today
are different. It is now important to focus on providing good-quality
water at the least possible cost. Technological developments can play
an important role in this, but cannot alone solve the problems.

Another Japanese case, as described by Masahisa Nakamura
(chap. 3), highlights the need to balance the requirements of urban
areas for water with the ecosystem demands in the region surround-
ing the cities. Lake Biwa is the largest lake in Japan and important
for the water supply for the second-largest urban conglomeration in
the country ± the Kansai area, which consists of the cities of Osaka,
Kyoto, Nagoya, and Kobe. The case study of the Lake Biwa±Yodo
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River system shows how the individual municipal water systems have
evolved separately on the basis of the agendas of the various muni-
cipalities in the basin. A holistic approach to integrated watershed
management has been lacking. Consequently, policy has been frag-
mented and implementation has been incremental, causing problems
with the economics of water use.

Similarly, environmental considerations and restoration are be-
coming increasingly important with regard to water resources man-
agement and quality. In Japan, the development of water resources
has been seen in the context of overall economic development, with
an emphasis on river development, dam construction, diversion
channels, etc. In the future, however, it will be important to incor-
porate environmental considerations and conservation into water
resources development plans.

The Lake Biwa Comprehensive Development Project (LBCDP)
took 25 years to complete. This was achieved during a time of very
rapid economic growth in Japan when environmental concerns were
not considered as front-running issues. Similar projects today and in
less wealthy countries would take much longer to realize.

A case in point may be Mexico City, a sprawling metropolitan
area of 25 million people, as described by Cecilia Tortajada-Quiroz
in chapter 5. Population growth remains high and water demand is
increasing rapidly. To cater for the growing demand, Mexico has
embarked on projects that involve long-distance water transfers from
basins located far from the city. As a consequence, costs are escalat-
ing rapidly. Similarly, supplying water to the urban giant is taking a
toll on the environment in the surrounding areas. The situation will
not be sustainable in the longer term.

The conclusions emerging from this volume are clear: providing
water and sanitation for urban areas in the twenty-®rst century will
pose a major challenge for humankind in the years to come. This
challenge will require new solutions and policies to be developed. In
particular, given the escalating con¯icts in water resources develop-
ment and increasing water demand in the developing countries,
wastewater reclamation and reuse will in the future need to be seen
as increasingly important options in the sustainable development of
urban water resources. According to Takashi Asano (chap. 6), de-
mand for water in the city is an issue of the reliability as well as
the dependability of water supply. Reused wastewater can be used
for purposes where quality requirements are not that high: ¯ushing
toilets, washing cars, gardening, etc.
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Pollution control is also essential and should be strictly enforced.
Industries that are polluting should be made responsible for paying
for the costs of the clean-up.

Another dimension to the issue is the vulnerability of water supply
systems to natural and manmade disasters. Many of the world's urban
centres are in locations susceptible to hazards. It is, for example,
estimated that by the year 2000 three-quarters of the population of
the United States will live within 15 km of either coast. The same
trend is evident everywhere in the world. Coasts in general are
exposed to climatic hazards, such as typhoons and hurricanes, that
can disrupt water supply and sewerage systems. Incidents of ¯ooding
can have devastating effects on urban areas. Furthermore, events
such as earthquakes can lead to the loss of water service, which is one
of the essential lifelines of the city. The disaster vulnerability of water
systems in urban areas is tragically evident from Charles Scawthorn's
chapter in this book (chap. 8).

An important consideration in making urban water supplies more
sustainable is the ®nancial mechanism governing water supply and
use. Water is still seen as a free commodity, and water prices to con-
sumers seldom ± if ever ± re¯ect the true cost of water. This leads
to waste and no incentive to conserve water. Authorities ± whether
national, city, or local ± should adjust the price of water to re¯ect the
true cost of bringing it to the consumer. All phases of the water sup-
ply must be taken into account, including the costs of operation and
maintenance of the system. Instead of taxing consumers directly, in-
direct taxation could be adopted. However, in some cases subsidies
still need to be used.

One way to improve ef®ciency is privatization of waterworks in
cities. The utilization of private sector services is certainly very im-
portant. In chapter 7, Walter Stottmann has provided a review of the
lessons to be learned from the operations of the World Bank, a
leading proponent and ®nancier of private sector involvement in the
water sector. His examples clearly demonstrate the bene®ts from
subjecting the construction, operation, and management of water
supply and sewerage services to competition by private suppliers.
However, it is clear that privatization should not be seen as a pana-
cea. Private sector involvement may be essential for improving the
ef®ciency of waterworks, but in many cases the private sector does
not have the capacity to handle the services on its own. Therefore,
private±public partnerships are needed.

Developing countries, in particular, have limited ®nancial re-
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sources. External assistance in the form of aid or loans is vital for
developing countries because water supply schemes for mega-cities
are very costly. There is, however, a need to reassess the policies
of international bilateral and multilateral development agencies.
For example, the World Bank today prefers rehabilitating existing
waterworks rather than building new ones, or water demand man-
agement rather than ®nancing another plant. The problem is that this
approach often goes against national policies and against the interests
of those in power. Politicians like to build new plants for prestige
reasons; rehabilitation and ef®ciency improvements are seen as much
less attractive.

The industrialized countries need to rethink the focus and prior-
ities for their of®cial development assistance programmes in the sec-
tor. Thus far the emphasis has been on the construction of new
infrastructure projects. What is needed now is a long-term vision for
broad-based cooperation in the water sector that places more em-
phasis on the ``software'' aspects, such as capacity building and insti-
tutional strengthening. This cooperation needs to include both re-
source ¯ows from the North to the South and technology and
knowledge transfers.

It will also be important to change national policy environments to
facilitate ef®cient water management in a holistic manner. Public
awareness needs to be raised to support these processes. Educational
strategies, including non-formal educational programmes on envi-
ronmental and social issues, are needed. Educating the next genera-
tion to become responsible water users is an important task for the
future.

The world faces an urgent water crisis of dimensions that no earlier
generation has had to face. These problems must be solved lest there
be a major human tragedy, especially in the developing countries.
However, the problems can be solved with correctly focused invest-
ment, technology, and management. What is needed to achieve this is
political will and active collaboration between North and South, and
East and West. If countries can initiate urgent action, there is reason
to be cautiously optimistic about the future.
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desalination plant 93
wastewater reclamation plant 150

chemical oxygen demand (COD), Lake
Biwa [Japan] 74

Chennai (Madras, India)
population 88, 105, 108
slum population 85, 88
water availability in 12
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Chennai (Madras, India) (cont.)
water management 108±109
water supply 105±109

future projects 106, 108
leakage rates 88, 89
sources of water 105±106, 107
supply capability 88, 105
utility staff ratios 16

Chile
private sector contracts 161±162, 161,

166
regulatory system 175

China, private sector contracts 161, 166
closed-loop recycling systems 138±139
coliform count, range in treated

wastewater 140, 145±146, 150
combined sewer systems 62, 127

designs to deal with storms 62, 70,
128

competition
allowed/exerted by regulator 168,

196
factors affecting 166±167
for market 167±168
in market 168±169, 196

competitive bidding 188±189, 190
competitive negotiations 189
component seismic fragilities 215±216

determination of 216
Conakry [Guinea], regulatory system

175
concession contracts 163±164

bidding process 193
duration of contract 161, 163, 170
enabling conditions 186
examples 161
information required for bid 186, 187
key responsibilities 161
level of investment 161, 170
objectives 185
and regulatory framework 169, 171,

175, 186
risk analysis 161, 182±183
time required to prepare 195

Concord Fault [USA], earthquake 209
connection levels/percentage

in Indian cities 20, 98
in Japanese cities 26, 35

in Mexico 113±114, 114, 119
various cities compared 20

connectivity analysis 207
conservation measures

in India 93±94, 100±101, 108±109,
110

in Mexico City 131
in Tokyo 37±38, 44

constraints on water availability 10±22
economic costs 13±14
environmental and health issues 18±

19
®nancing 14±16
management constraints 16±18
mind-sets of utility managers 19, 21±

22
scarcity of water 11±13

construction costs, water-storage projects
13, 14

consumption per capita
India 20, 88, 91
Japan 39
Mexico 112, 117, 118, 120
various cities compared 19, 20, 39,

40, 88
Contra Costa Water District system

[USA] 208±210, 223
contracts, private sector

bidding for 187±194
enabling conditions 186
managing 195±197
pre-contract analysis 177±183
renegotiation of 196
types 160±166

cost±bene®t analysis 201, 208
in case studies 223
example 210

CoÃ te d'Ivoire, private sector contracts
161, 163

Cutzamala AquafeÂrico [Mexico] 126
Cutzamala Macrocircuit [Mexico] 126

investment cost 126
recovery of 132

supply capability 126
Cutzamala river system [Mexico] 116,

119
Cutzamala System [Mexico] 123±126

area affected by construction 124
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energy requirements to run 125
Environmental Impact Statement for

fourth stage 123, 124, 125
hydropower capacity 124
investment cost 124, 125
operational running costs 125
social projects 124±125

Czech Republic, private sector contracts
161, 163

Delhi [India]
consumption per capita 19, 20, 88
electricity-to-water bill ratios 15
household water tariff 98
plans for future 101
population density 96
population trends 6, 88, 96
slum population 85, 88
water supply 95±101

availability (hours per day) 19,
20

distribution pipe length 98
leakage rates 20, 88, 89
problems in management 98±99
production costs 20, 98
scope for improvement 99±101
service indicators 20, 21, 88
sources of water 96±97
supply capability 88
tariffs 98

Denver Summit of Eight xvii
Des Moines Water Works [USA], ¯ood

205
desalination of sea water 43, 92±93

capital cost of plant 93
design±build±operate (DBO)

arrangements 165
Detroit [USA], water service 40
Dhaka [Bangladesh]

®nancial management of water utilities
15

population 5, 6
water project costs 14

direct ®ltration
compared with Title 22 Process 141
life-cycle costs 151

direct negotiations (private sector)
189±190

disaster vulnerability of water supplies
200, 202±206, 229

disasters
performance of water supply systems

in 202±206
earthquakes 203±204
®res 204±205
¯oods 205
refugee camps 205±206

diseases
waterborne xiii, 98, 129
in Zairean refugee camps 217, 219

disinfection (water treatment) 143, 217
distribution pipe length

Delhi 98
Japanese cities 39
Mexico City 116
various cities compared 40

divestiture arrangements 161, 166
bidding process 193
enabling conditions 186
objectives 185
and regulatory framework 166, 169,

186
domestic usage of water, in competition

with agricultural usage 12, 99
drinking water

availability
in developing economies xii, xv, 2,

18
in western developed economies 2

health risks 18±19
quality monitoring parameters 139,

140
droughts 2

earthquakes
damage caused by

in California [USA] 203±204
in Japan 25, 26, 41, 63, 204

economic contribution of urban areas 8
in India 84
in Japan 49±50

economic costs, as constraint on water
availability 13±14

Edo City see Tokyo
Edo River [Japan] 29, 35
electricity generation, water for 2
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electricity-to-water bill ratios 15
emergency water supply system 220±

221
proposal for international corps 221±

222, 224
in Tokyo 42
in Zaire 217

EndhoÂ Dam [Mexico] 129, 130
England & Wales

privatization of public utilities 161,
166

competition aspects 168
price cap regulation 173
regulatory system 175

EQE Earthquake Experience Data
Base 216

Europe, population growth 4
eutrophication

control of 72
of Lake Biwa [Japan] 73±75
of Osaka Bay [Japan] 72

evaporation control 93, 100
experience-based methods 216

Faisalabad [Pakistan], electricity-to-water
bill ratios 15

fault tree analysis 216
®ltration (water treatment) process 124,

143
®nancial management of utilities 15±16,

94±95, 158, 181±182
®nancing constraints 14±15, 104
®res 204±205
¯occulation/precipitation (water

treatment) process 124, 144
¯ood control systems

Japanese cities 45, 48±49, 55
Mexico City 127±128, 130

¯oods 2, 44, 205
Florida [USA]

reclaimed water applications 147
wastewater reclamation criteria 148

France
private sector contracts 161, 163,

164
privately managed utilities 159

Fukuoka [Japan], water service 39

Ganges River [India] 102, 103
Gdansk [Poland], joint venture lease

contract 165
Geneva [Switzerland], water service 40
Grand Forks metropolitan area [USA],

¯ood 205
groundwater extraction, effects 36, 60,

120
groundwater recharge

reclaimed wastewater used 138, 138
examples 36±37, 43, 129, 130, 146±

147
treatment goals 146

Guinea
private sector contracts 161, 163
regulatory system 175

Hanoi [Vietnam], household water bills
15

Hanshin±Awaji earthquake [Japan] 41,
63, 204

Hanshin Industrial Complex/Zone
[Japan] 50, 56

Hanshin Water Supply Corporation
[Japan] 59

health risks 18±19, 98, 129, 148
measurement of pathogenic organisms

140
Hiroshima [Japan], water service 39
Hong Kong [China]

consumption per capita 20
household water bills 15
service indicators 20
water utility 16

household water bills 15, 104
household water tariffs

Indian cities 94, 95, 98
Japanese cities 39
Mexico City 121, 121

Howrah [India] 101
sources of water 102, 103
see also Calcutta

Hyderabad, water project costs 14
Hydrosub ¯oating pump 217

India
bottled water usage 18, 19
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mega-cities
population trends 85, 88
preferential treatment 85±87
slum populations 85, 88
strategies needed to achieve

sustainable supplies 109±111
water supply examples 88, 89±109
water supply problems 87, 89

population trends 85, 88
industrial development, water for 2
industrial water supply systems 2, 36,

60, 61
recycled wastewater used 138, 142,

147
example applications 146
in India 92
treatment goals 146

informal settlements 9±10
low priority by governments 9±10
see also squatter settlements

infrastructure development 7±8
integrated water resource management

78±79
intermittent water supplies 19

examples 20, 91
storage facilities for 21

international corps of emergency water
supply systems 222, 224

International Network on Water,
Environment and Health
(INWEH) xvii

International Water Supply and
Sanitation Decade (IDWSSD)
10

effects 10±11
ion exchange (water treatment) process

144
irrigation

wastewater used for 142, 145
in India 92, 99±100
in Mexico 129±130, 131
quality guidelines 150
treatment goals 145

see also agriculture, water for

Jakarta [Indonesia], population trends
xii, 5, 5

Japan
earthquakes 25, 26, 41, 63, 204
infrastructure development 7±8
Overseas Economic Cooperation Fund

109
reclaimed water applications 36±37,

43, 147
factors affecting 147

water service compared for various
cities 39

see also Kawasaki; Kobe; Kyoto;
Osaka; Tokyo; Yokohama

joint venture leases or concessions
164±165

Jokaso system 65

Kansai Metropolitan Region [Japan]
49±51, 81[1], 227

emerging issues 77±80
pollution control and wastewater

management 60±65
population 47, 49
population density 56
water metabolism 56±65
water quality issues 65±75
water resources 51±56
water supplies 57±60
see also Kobe; Kyoto; Osaka

Kanto earthquake [Japan] 25, 26
Karachi [Pakistan]

consumption per capita 20
electricity-to-water bill ratios 15
®nancial management of water utilities

15
population 5, 6

growth xii, 5, 6, 9
service indicators 20, 21
squatter settlements 9

Kathmandu [Nepal], electricity-to-water
bill ratios 15

Kawasaki [Japan], water service 28,
39

Kita-Kyushu [Japan], water service 39
Kobe [Japan] 48, 50

earthquake damage 50±51
sewerage system 63
water service 39
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Kuala Lumpur [Malaysia]
consumption per capita 20
service indicators 20
water utility 16, 17

Kusaki Dam [Japan] 25, 34
Kyoto [Japan] 48, 50

sewerage system 62±63
waterworks 39, 58

balance between cost and quality
68

Lagos [Nigeria], population trends xii,
5, 5

Lake Biwa Comprehensive Development
Project (LBCDP±Japan) 47±49,
55±56, 78, 228

factors affecting 75, 77
®nancial arrangements 66
new phase of management 80

Lake Biwa [Japan] 48, 227
catchment area 51
pollution of 35, 73±75
population served by 49, 57
size (area and volume) 52
sustainable water use 78
wastewater system to protect 63±65,

77
water quality

new phase in management 80
trends 74

see also Biwa±Yodo water system
Lake Biwa±Yodo River Water Quality

Conservation Organization 79
large-diameter hose (LDH) systems

217, 218
applications

in international emergency water
supply systems 221, 222

in refugee camps 217
Latin America and Caribbean region

population growth 4
sewage/wastewater treatment 7
urbanization xii

leak detection 38, 93, 100
leakage rates 21, 22, 157

in Indian cities 20, 88, 89
in Mexican cities 120, 121
reasons for lack of action 21±22

Tokyo waterworks 28±29, 38, 227
various cities compared 20, 88

lease contracts 163
bidding process 193
duration of contract 161, 170
enabling conditions 186
examples 161
information required for bid 186, 187
key responsibilities 161
level of investment 161, 170
objectives 185
and regulatory framework 175, 186
risk analysis 161, 182±183

Lerma±Balsas river system [Mexico]
116, 119

Lima [Peru], water project costs 14
lime (water treatment) process 144
Loma Prieta [USA] earthquake, damage

caused by 203, 211
London [UK]

population growth 6
reservoir capacity 41

Los Angeles [USA]
earthquake 203±204
emergency water supply system 221
population 5

Macao, private sector contracts 161,
164

Madras [India] see Chennai
Madras Metro Water Supply and Sewage

Board (MMWSSB) 108, 161
Malaysia

private sector contracts 161, 164, 166
see also Kuala Lumpur

MaleÂ [Maldives]
consumption per capita 19, 20, 21
service indicators 20

management contracts 162±163
bidding process 193
duration of contract 161, 170
enabling conditions 186
examples 161
information required for bid 186, 187
key responsibilities 161
level of investment 161, 170
monitoring of performance 171, 186
objectives 185
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risk analysis 161, 182
time required to prepare 195

management inef®ciencies 15±17, 157±
158

Manila [Philippines]
population growth 6
water concession 164, 168, 195

mega-cities
de®nition (by size) 4, 135
growth rates 5, 6
loss of water supply due to natural

disasters 200
number in world 135, 157
population data listed 5, 38, 88
see also urbanization

Melbourne [Australia], competition
among service providers 168

membrane ®ltration (water treatment)
144

metering of water supplies 15, 110, 122
Mexico

irrigation by wastewater 129±130
leakage rates 120, 121
macro water projects 122±128
National Water Commission (CNA)

118, 119
plan for Mexico Basin/Valley 131
social projects 124±125

population 112
rainfall data 112
water availability 113±114, 114
water demand 114
water use by sector 112, 113

Mexico Basin/Valley, precipitation/
evapotranspiration data 116

Mexico City 115±117
consumption per capita 117, 118, 120
population 5, 7, 117, 118
population density 117
population growth rate 117, 128
sewerage system 117, 127±128
subsidence 120, 127

effect on water/sewerage systems
120, 127, 128

wastewater
reuse of 129±130
treatment of 117
volume 117, 127

water project costs 14, 122±123
water supply 2, 116±117

distribution pipe length 116
leakage rates 120
management contracts 162
production costs 121, 125, 131
storage capacity 116
tariffs 121, 121
see also Cutzamala System

water utility 17, 118
Mexico City Metropolitan Zone

(ZMCM) 117
characteristics 118
constraints on water resources

management 128±131
contamination of aquifer 129
water consumption 118
water demand 117±119
water supply

problems 119±122
sources of water 119

Mezquital Valley [Mexico], irrigation
with wastewater 129±130

Monte Carlo techniques 207, 223
Monterey Regional Water Pollution

Control Agency [USA], treatment
costs for water reuse 151

Monterey Wastewater Reclamation
Study 141

multilateral development institutions,
support of private involvement
159±160

Mumbai (Bombay, India)
consumption per capita 19, 20, 88
household water bills 15
population trends xii, 5, 88, 89
slum population 85, 88
water supply 89±95

alternative sources of water 92±93
availability (hours per day) 19, 20,

91
dams/reservoirs (current and

proposed) 90, 95
®nancial management 15, 94±95
leakage rates 20, 88, 89
problems in management 91±92
production costs 20
scope for improvement 92±94
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Mumbai (Bombay, India) (cont.)
service indicators 20, 88
sources of water 89±90, 90
supply capability 88, 91
tariffs 94, 95
utility staff ratios 16

see also Bombay
Musashi Canal [Japan] 25, 30, 31

Nagoya [Japan], water service 39
Naramata Dam [Japan] 25, 34
nematodes, quality criteria in treated

wastewater 149, 150
New York [USA]

population 5, 6
reservoir capacity 41

New Zealand, private sector contracts
161, 166

Nobidome Canal [Japan] 36
North America

population growth 4
see also USA

Northridge [USA], earthquake 203±204
nutrients

in Mexican irrigation water 130
range in treated wastewater 140

Oakland Hills [USA], ®res 204
Oaxaca [Mexico], system losses 21
Oceania, population growth 4
Ogouchi Dam [Japan] 25, 27±28

drop in levels 29
volume of reservoir 27

Okushiri [Japan], earthquake 204
Olympic Games, Tokyo [1964] 30
operational management of water

utilities 15±16
organophosphoric acid triesters

industrial uses 81±82[5]
pollution by 69, 70

Osaka Bay [Japan] 48
industrial developments 47, 50
marine activities 52
water quality 72±73
see also Biwa±Yodo water system

Osaka [Japan] 48, 50
industrial water supply systems 60,

61

sewerage system 62
waterworks 39, 59, 60

balance between cost and quality
68

pollution of water sources 35
Osaka±Kobe±Kyoto region

emergency water supply system 221
see also Kansai Metropolitan Region

oxidation (water treatment) pond 143

paddy ®eld runoff, pollution caused by
69, 75

Paris [France]
private service providers 168
reservoir capacity 41

parks, irrigation by reclaimed wastewater
99, 145

pathogenic organisms, count range in
treated wastewater 140, 145±
146, 150

performance criteria, reliable water
supply 201, 223

pesticides, pollution by 69, 71
Poland, private sector contracts 161,

165
political commitment to private sector

ventures 185, 186
political interference in management of

water utilities 17
pollution

water supplies affected by
in India 98
in Japan 35, 68-72

Pomona Virus Study 141, 151
population density

Delhi 96
Mexico City 117
Tokyo 38

population growth 3±4, 156±157
Indian cities 88, 89, 96
Tokyo 26

Portable Water Supply System (PWSS)
water distribution system 217,
218

use in Zairean refugee camps 217
pre-contract analysis (private sector)

177±183
assessment of utility 177±178
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®nancial analysis 181±182
regulatory/institutional analysis 178±

179
risk analysis 182±183
for smaller cities 183
stakeholder analysis 179±181

pre-quali®cation of (private sector)
bidders 190±191

price regulation 172±173, 196
price control/cap 172±173
rate-of-return/pro®t control 172

prices, domestic water supply
changes by private sector 181±182,

184
India 94, 95, 98, 102, 104, 110
Japan 39
Mexico City 121, 121

private sector funding 158±160, 229
bidding process

bid contents 192±193
complaints/appeals procedure 193±

194
evaluation of bids 192±193
information available 186, 187±

188
organizing the bidding 188±190
pre-bid contacts with bidders 191±

192
pre-quali®cation of bidders 190±

191
competition 167±169
duration of contract 161, 170
enabling conditions for various options

186
examples 161, 164, 181, 192, 198
key responsibilities of various options

161
objectives of various options 185
performance comparison of service

providers 168
regulation 169±171

considerations in de®ning regulatory
framework 171±176

types of participation 161
build±operate±transfer (BOT)

contracts 161, 165±166
concessions 161, 163±164
divestiture 161, 166

hybrid arrangements 166
joint ventures 164±165
leases 161, 163
management contracts 161, 162±

163
service contracts 160±162, 161

private sector venture
managing the contract 195±197

contract renegotiation 196
maintaining competitive pressure

196
prevention of undue outside

interference 196±197
managing the process 194±195

independent advisers 194±195
management unit 194
time requirements 195

preparing for 177±194
attractiveness of option to private

sector 184±186
choosing among options 183±184
®nding suitable partner 187±194
pre-contract analysis 177±183

privatization of utilities 166, 229
see also divestiture arrangements

production costs
Indian cities 20, 94, 98
Mexican cities 121, 125, 131
various cities compared 20

public taps 17±18
see also standpipe supplies

quality monitoring parameters, reclaimed
wastewater 139, 140

rain making by cloud seeding 93
Rakunan wastewater treatment plant

[Japan] 63, 67
Rakusei wastewater treatment plant

[Japan] 63, 67
reclaimed water

applications 142, 144±147, 212, 228
in India 92, 99±100
in Japan 36±37, 43, 147
in Mexico 129±130, 131
in USA 147, 212, 213

future developments 152±153
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reclaimed water (cont.)
health and regulatory

requirements 148±149, 150
in hydrological cycle 137±138

recycling of water 138
in India 92, 93
in Tokyo 45±46

red tide [phytoplankton]
in Lake Biwa [Japan] 73, 76
in Osaka Bay [Japan] 72

refugee camps, drinking water
availability 205±206, 216±219

regulatory framework 169±171
advisers required 194
considerations in de®ning 171±176

accountability of regulator 175
areas to be regulated 171±172
discretion of regulator 173±174
®nding appropriate system 175±

176, 184
independence of regulator 174
locus of regulation 173
price regulation 172±173, 196

effect on choice/design of private
sector arrangement 178±179

rehabilitate±operate±transfer (ROT)
arrangements 165

reliability analysis (for water supply)
201, 202, 206±208

applications 208±219, 223
Contra Costa Water District system

208±210, 223
San Francisco Auxiliary Water

Supply System 211±212, 223
San Francisco Municipal Water

Supply System 210±211, 223
San Francisco reclaimed water

system 212, 213, 223
Vancouver Dedicated Fire

Protection System 214±216,
223

reliable water supply, performance
criteria for 201

reverse osmosis (water treatment)
systems 93, 144

risk analysis, in private sector
participation 161, 182±183

Rome [Italy], water service 40

Rotterdam [Netherlands], water service
40

Sagami River [Japan] 28, 29
salaries of water utility managers 16
San Andreas earthquake 211
San Francisco [USA]

Auxiliary Water Supply System 203,
211±212, 223

earthquakes 202, 203
emergency water supply system 221
reclaimed water/®re protection system

212, 213, 223
water supply system 203, 210±211,

223
reservoir capacity 41

sanitation 8
in Japan 65, 68
in Mexico 114
number of people lacking access

to xii, xv, 8, 156
Santiago [Chile], water utility service

contracts 161±162
SaÄo Paulo [Brazil], population 5
Sapporo [Japan], water service 39
scarcity of water resources 11±13, 44
seawater desalination 43, 92±93
sedimentation (water treatment) process

124, 143
Sendai [Japan], water service 39
Senegal, private sector contracts 161,

163
Seoul [South Korea], population 5, 6
separate-sewer system 62, 63

compared with combined system 62
service contracts 160±162

bidding process 193
duration of contract 161, 161, 170
enabling conditions 186
examples 161
information required for bid 186,

187
key responsibilities 161
level of investment 161, 170
monitoring of performance 171, 186
objectives 185
risk analysis 161, 182
time required to prepare 195
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service indicators, various cities
compared 20, 35, 39, 88

serviceability analysis 207
Seto Inland Sea [Japan]

environmental protection of 72
see also Osaka Bay

sewage
Lake Biwa watershed [Japan] 77
treated

use in India 92, 99
use in Mexico 131
use in Tokyo 36±37, 43

treatment of xii, 7, 36
see also wastewater

sewerage systems
combined compared with separate

sewer systems 62
cost of upgrading US systems 136
Japanese cities 36±37, 62±63
Mexico City 127±128

Shanghai [China]
®nancial management of water utilities

15
population 5

Shenyang [China], water project costs
14

Shimokubo Dam [Japan] 25, 31, 34
Singapore

consumption per capita 20
water service 16±17

service indicators 20, 40
staff ratio 16

Slovenia, private sector contracts 166
slum populations, in Indian cities 85,

88, 101
smaller cities, private sector ventures for

183
Spain, private sector contracts 161, 163,

164
squatter settlements 9

see also informal settlements
stabilization ponds 149, 150
staff of utilities

overstaf®ng 16, 157±158, 181
as stakeholders 180, 181

stakeholder analysis 179±181
potential issues and policy responses

180

standpipe supplies 91
see also public taps

storage tanks, in houses 21
stress events, in reliability analysis 208
subsidence, causes 36, 60, 120
supply capability

Indian cities 88
Japanese cities 26, 27, 39, 54, 58, 59

Surabaya [Indonesia], water project costs
14

sustainable water use, Kansai area
[Japan] 77±78

Sydney [Australia], regulatory system
175

system losses see leakage rates

Taipei [Taiwan], water utility 16
Tama River [Japan] 24

water resources development 32, 34
dams 25, 29, 32, 34

water shortages 25, 26, 29
Tamagawa Canal [Japan] 25, 36
tariffs see prices, domestic water supply
Tashkent [Uzbekistan]

electricity-to-water bill ratios 15
household water bills 15

Temascaltepec project [Mexic] 123
Tianjin [China]

household water bills 15
utility staff ratios 16

Title 22 Process [for wastewater
treatment] 141

treatment costs 151
Toba wastewater treatment plant [Japan]

62, 67, 81[4]
Tokyo [Japan]

earthquakes 25, 26, 41
preparation for 41±42

¯oods 44
future water resource policies 43±44
industrial water supply 36
Kanda Canal 24
Musashi Canal 25, 30, 31
pollution of water supplies, actions

taken 35, 41, 42
population 5, 38, 44
population density 38
population growth xii, 5
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Tokyo [Japan] (cont.)
recycling of water in 45±46
river improvement work 45
sewerage systems 36±37
Shinjuku Suburbanization Plan 25, 31
urbanization effects 44±45
utilization of treated sewage 36±37,

43
``water conservation conscious society''

approach 37±38, 44
water shortages 25, 26, 29±30

supply plans to prevent 30, 40±41
waterworks

Asaka Puri®cation Plant 25, 31, 33
compared with other cities 38±40
distribution pipe length 32, 35, 39,

40
future targets 40±43
Higashi-Murayama Puri®cation

Plant 25, 31, 32, 33
history 24±32
Kanamachi Puri®cation Plant 25,

33, 35, 42
leakage rate 28±29, 38, 227
Misato Puri®cation Plant 25, 33, 35
Misono Puri®cation Plant 25, 33
Nagasawa Puri®cation Plant 25,

27±28
Ogouchi Dam project 25, 27±28
Ozaku Puri®cation Plant 25, 33
population served by 26, 35, 39, 40
puri®cation plants 25, 32, 33, 35
reservoir capacity 34, 41
Sakai Puri®cation Plant 25, 32, 33
service indicators 26, 35, 39
supply capability 26, 27, 35, 39
Tama River system 24, 29, 32, 33,

34
Tamagawa Puri®cation Plant 25,

33
Tone River system 29, 30±32, 33,

34
war damage 28±29
water resources feeding 32, 34
Yodobashi Puri®cation Plant 25±

26, 25, 31
Waterworks Bureau 37, 38, 40

Tone Estuary Barrage [Japan] 25, 31
Tone River [Japan] 29, 32

water resources development 30±32
dams 25, 29, 31, 32, 34
puri®cation plants 25, 31, 33

total organic carbon (TOC), range in
treated wastewater 140

total suspended solids (TSS), range in
treated wastewater 140

Trinidad & Tobago, management
contracts 161, 162

turbidity, range in treated wastewater
140, 145±146

unaccounted-for water
in India 20, 88, 89, 157
various cities compared 20
see also leakage rates

unions, as stakeholders 181
United Nations Conference on

Environment and Development
[Earth Summit] xvi

United Nations General Assembly
Special Session Earth Summit�5
xvii

United Nations University, research and
training programme xvii

urbanization
effects on water circulation 4±10, 44±

45
global growth xii, xv, 4
in India 85
in Japan 44
problems 8±9, 84
rate of growth 5±7, 9, 85
see also mega-cities

USA
earthquakes 202, 203±204
®res 204±205
¯oods 205
management contracts 161
privately managed utilities 159, 166
sewerage systems, cost of upgrading

136
wastewater reclamation criteria 148
see also Arizona; California; Florida;

New York
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utility companies
®nancial management considerations

15±16, 94±95, 158, 181±182
management inef®ciencies 16, 157
staff numbers/ratios 16, 157±158, 181

Vancouver [Canada], Dedicated Fire
Protection System 214±216, 223

Vienna [Austria], water service 40

wastewater
amount produced, in Mexico City

113, 117, 127
reuse of

applications 142, 144±147, 212, 228
future developments 152±153
health and regulatory

requirements 148±149, 150
in hydrological cycle 137±138
in India 92, 99±100
in Japan 36±37, 43
in Mexico 129±130, 131
objectives 136

treatment of 7, 12, 13±14
direct ®ltration process 141
economic costs 136, 149±152
in India 92, 100
in Japan 52, 59, 62±63
in Mexico City 117, 131
recycling facility 93, 100
technologies involved 139±142,

143±144
Title 22 Process 141

see also sewage
water availability

constraints on 10±22
developing compared with western

economies 2
in Mexico 113±114, 114
various cities compared 20
see also constraints on water

availability

water resource planning
in India 95, 101, 104±105, 108
reclaimed wastewater in 154

water supply
economic costs 13, 14
number of people lacking access to

safe supply xii, xv, 156
water supply projects, costs xii, 14
water transfer schemes, political aspects

1
western economies 1±2
World Bank-funded projects 90
World Health Organization (WHO),

quality guidelines for reclaimed
wastewater 149, 150

world population growth 3

Yagisawa Dam [Japan] 25, 29, 31, 34
Yamaguchi Reservoir [Japan] 25, 34
Yamuna River [India] 96, 97, 98
yardstick competition 168, 196
Yodo River [Japan] 48

allocation of water rights 54, 59
catchment area 51
development projects 53
hydrographic data 54±55
pollution of 35, 69, 70, 71
upstream±downsteam relationships

66±68
see also Biwa±Yodo water system

Yodo River Water Pollution Control
Consultative Association 78±79

Yodo River Water Quality Consultative
Association 79

Yokohama [Japan], water service 25,
39

Zaire refugee camps 205±206, 216±219
emergency water distribution system

used 217±219
incidence of diseases 217, 219
mortality data 217, 219

Index

245


