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The Academy of Science of South Africa (ASSAP) was inaugurated in May 1996 in the presence of then
President Nelson Mandela, the Patron of the launch of the Academy. It was formed in response to the need
Jor an Academy of Science consonant with the down of demacracy in South Africa: activist in its mission
of using science for the benefit of society, with @ mandate encompassing all jields of scientific enquiry in a

seamless way, and including in its ranks the full diversity of South Africa’s distinguished scientists,

The Parliament of South Africa passed the Academy of Science of Sowth Africa Ad, Act
67 in 2001, and the Act came into operation on 15 May 2002

This has made ASSAS the official Academy of Science of South Africa, reeegnised by Government
and representing South Africa in the international community of science academies,
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Preface

The Academy of Science of South Africa (ASSAI is a young organisation and a veritable baby amongst
the world’s established national science academies. This is both a drawback and an advantage — one has
a shore track record of doing useful things, but one can also piggy-back on the experience of others and
pethaps make quicker progress towards one’s objectives. One of the key insights is that synergies must
be created berween the Academy’s work in its own country and that which it can productively do with
pattners in other counegies, within 2 region or further afield.

Water is a fundamental concern of virtually every nation, playing a diverse and often inter-dependent
but vital role in the individual and callective lives of its entire citizenry. A single country like South
Africa may well seek to “solve™ its water-related problems by itsel, but most of these have dimensions
that extend beyond the borders, and many lessons learit elsewhere may well be applicable at home, The

~-Academy- function is perfectly designed to bridge the gap between the knowledge and capacity of one

country to be put 10 work, and harnessing regional or global solutions. This workshop is 2 good example.
Conducted under the auspices of the world-wide InterAcademy Panel (LAF) and well supervised by the
nationak science academy of a particular developing country (Brazil), it took place in another developing
country (South Africa) on another comtinent, organised jeintly by that country's national science
academy {ASSAL) and its highly effective and focused ageacy for sponsoring and coordinating basic
and applied vesearch on the topic (the Water Research Commission, WRC). Many academies from other
Alrican couneries participated, and the outcome is a pleasing reflection of shared interest, enthusiasm
and networking, which wiil suzely have a significant impact on development an the continent.

AS5Afis proud to have been able to co-host this highly productive workshop, and warmly thanks Dr
Rivka Kiir and the Water Research Cominission for strenuaus efforts designed to extract maximom value
from the meeting and its product, this Report and Proceedings. All academies and other participants are
also thanked, as are the Brazilian Academy of Sciences (represented at the Workshop by Dr Marcos
Cortesac] and the IAP iself,

Wieland Gevers, MASSAS
Executive Officer
Seprember 2006



About ASSAf

OBJECTIVES

Scientific thinking for the geod of sociery

According to the Act the objectives of the Academy are:

B o promote common ground in scientific thinking across all disciplines, lor example the physical,
mathemarical, life, human, social and econemic sciences,

B 0 encourage and promote innovative and independent scientific thinking;

B to promete the optimum development of the intellectual capacity of all people;

B to provide effective advice and facilitaie appropriate action in relation ko the collective needs,
opportunities and chaltenges of all South Africans; and

B 10 link South Africa with scientific commaunities at the highest Jevels, in particular within Africa, and
further abeld.

VISION

An engine of excellence in scholarship and intellectual cooperation

ASSAl aspires 1o be the apex organisation for science and scholarship in South Alvica, internationally
vespected and conmected, its membership simultaneously the aspiration of the couniry’s most active
scholars in all fields of scientific enguiry, and the collective resource making possible the professionally

managed generation of evidence-based solutions 10 national problems.

MISSION STATEMENT

Clarifying the niche of the Academy

Like democratic South Alrica in generat, ASSAf aspires to play both a national and an international
role, particularly with respect to the African continent. We see the Academy as uselully at avm’s length
from government and other organised sections of the state, comprising an assermnbly of excellent scholars
from many disciplines who ave well-networked both natienally and internationally, and have shown
their interest in and capacity for promoting the development of a prosperous and a fully enabled society.
Membership of the Academy (by election) is both an honour and an obligation 1o work Individually and
collectively {as the Academy) to ensure that decision making requiring scholatly scrutiny and analysis
is based on the best and most integrated understandings and insights available to the country. The
Academnicians thus represent an organised, independent but responsive scholarly voice to help guide the
development of the country and its people.

The mission of AS5AF is thos to
B become increasingly associated in the mind of the nation with the highest levels of scholarly
achieverment and excellence in the application of scientific thinking fot the benefit of society;



B consolidate its infrastructure and capacity, and 10 expand and mobilise the meinbership 1o ensure
that scholars from a Full disciplinary spectrum are available for its work, and that these are indeed
bath thinkers and doers, willing to put significant effort inte the Academy's activities;

B embark on a programme of systematic studies of evidence-based issues of narional importance, some
proposed by government or other sectors, and some identified by the Academy itself;

B develop a sound and robust methodology for constiiuing seudy panels, organising their work,
including conferences and workshops, and preducing authoritative reports that are well-disseminared
and have significant impact;

B publish science-focused periodicals, especially 2 muhidisciplinary journal of high gquality (the Sourh
African fournal of Science} and a science magazine thar will showcase the best of South African research
10 a wide national (and international} audience (Quest - Science for South Africa): and 1o promae
the development in Scuth Africa of an indigenous system of research journals of ineernationally
recognised quality and usefulness;

M develop productive partnerships with other organisations, especially (but not only) the depariments
of Science and Technology, Education, Health and Agriculture; the MNational Advisory Council
on Innovation; science councils; higher education institutions, eic., with a view 1o the building of
capacity in science and its applications within the Mational System of Innovation (NS0

B create new and diversified sources of funding for the sustainable [unctioning of an independent
Academy;

N communicate effectively with the general and specific publics, as well as with pariners and sponsors;

B develop a plan for the expansion of the activities of ASSA in partnership with the national science
academies of other countries, including contracied partnership with the US National Academnies: and

W play asignificant role in the international science system, particularly in Africa, through organisations
such as the Interdcademy Panel (1AP) and the ImterAcademy Council (TAC), the Academy of
Sciences of the Developing World {TWAS), the International Council on Science {MCSUT, as well as
the Merwork of Afriean Science Academies (MASAC), 2ll in the context of the New Partnetship for
Africa’s Drevelopment {MEPALY,

MEMBERS

Core asset of the Academy (each styled “MASSAT)

Alter nomination by four extsting Members {at least two of whom do so from personal knowledge of the
candidate}, new Members of the Academy are elected in a secret batlot, The normal criterion for election
is significant achievement in the advancement or application of science, and, in addition, Members
should be persens who can be expected significantly to assist the Academy fn achieving its objectives.
By October 2006, ASSAf had over 250 Members drawn by self-categorization from the earth, ECONDITLIC,
life, mathematical, physical, soctal, technolagical, education, and agricultural sciences as well as the

humanities.

COUNCIL

Steeting Academy activities and raking responsibility
The affairs of the Academy are governed by a Council comprising 12 members, each of whom halds
office for four years. This Council is elected by the Members every two years. For the sake of conlinuity,
six members centinue to serve a further term, while six new members are elected once they have been
nominated according 1o the constitutional mechanism. To provide a better balance of race, gender ar
disciplinary area, the Council can coopt additional members fram persons who were nominated for
election to the Council.

The office-bearers are, respectively, the President, two Wice-Presidents, & General Secretary and a

Treasurer. Committees can be formed in order to carry out specific functions but each must be chaired



by a Member of the Academy oy, preferably, of its Council. Reports drawn up by its committees or ad ko
\ask group are approved by the Council before entering the public domain.

INTERNATIONAL CONNECTIONS

Crucial catalyst for Academy-type activities
AGSAR is an acuve member of the 1AP, a growing organisaticn that embraces the national science
academies of over 30 countries. The Academy of Sciences for the Developing World now has an office in
&{rica based im Mairobi, and the Metwork of African Sclence Ac ademies, of which the Presidem of ASSAT
is a Vice-President, is also located in that city.

455Af became an “intense pariner” of the US Narional Academies {together with the Nigerian and
Ugandan Academies of Science) as part of the African Science Academy Development Initiative (AsADT),
receiving a substantial 5-year gract 1o bnild its capacily for generating evidence-based advice for the

government and the naton in general,

STRATEGIC PLAN AND POLICY DEVELOPMENT

The way to 2o

455AF has developed a comprehensive strategic plan following a thoreugh process for identification of

ins strengths, weaknesses, apportunities and threats. Through its governing Council, the Acadeny has

developed polictes and guidelines for its activities. The inisiation of the ASADI parnership with the LS

National Academies prompted the generation, proposal and adepricn of the following ilems:

m Guidelines for proposals of science-based topics in terins of the ASSAFAC

m Guidelines for proposals of science-pased wpics (project proposals)

& Guidelines for the appaintoent of study panels and forum steeTiDg COMITess

m Policy on conferences

B Formaion of 2 Commitiee on Science for the Alleviation of Poverty (Arst example of ap ASSAL “Board”)

B Panel for the Cansensus Study on Mutritional Tnfluences et Human Trmunity, with special reference
to clinical tuberculosis and HIY infection (first ASSAL Consensus Study?.

45SAfs strategic plan and the Acadenny's pelicies and guidelines are publicly featured on the ASSAf

websire at hrp:fwrww.assal orgza

RESEARCH PUBLISHING

The core of the quality assurance system for the disseminarion of research findings

The Academy of Science of South Africa signed a comtract in 2001 with the Department of Science
and Technology (DT} for varicus activities in connection with the “strategic managzment” of Tesearch
journals published in South Africa. The first component was a comprehensive study of the present and
best-possible future role of research journals published in South Africa, now completed through the
release af a full report in March 2006, with evidence-based recommendations, and a range of follow-up

project integration and implementation strategies.

SAJS

Publishing the South African Journal of Science: a Nature for South Africa

The South African fournal of Scierce is the leading multidisciplinary rescarch journal in Africa,
and femures a great diversity af original work by researchers throughout the countey and abroad,
concentrating on articles that have an appeal that is wider than that of single disciplines. Ameng the
highlights of the velume published in 2003 were articles featuring the research at historically black
universities supported by the Royal Society-MEF hilateral programme. The journal appears six times a

year, and is accessible online as one of the e-publications managed by SABINET.

—
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QUEST

Publishing Quesi: A quarterly magazine of high quality, presenting science for Sonth Africa

The Academy publishes the natienal science magazine Quest: Science for South Africa that was launched
in 2004, Quest serves as 2 platform for communication abour scientific research done in South Africa.
It strives to showease South Alrican science in action, and is aimed at the broad scientific communiy,
decision-makers, the public, students, and especially the senior grades at secondary schools.
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of an international TNESCOTHF working group on ground warer for emergency situations (GVWES)L

W Nikisi Lesufi is the the Environmental Adviser to the Chamber of Mines, responsible for all ervironment-
related regulatory, technical, policy and stakeholder engagement matters. After lecturing at the University
of the North {now Limpopc), he joined the Department of Water Affairs and Foresury as an Assistant
Director, Water Quality banagement: Urban and Rural Development. He then became the Deputy
Director: Environmental Health a the Depariment of Health responsible for devetopment of drinking
water standards, chemical safety, managernent of hazardous substances, capacity building of envirenmental
health officers and prevention of nuisance conditions. He rejoined the Department of Water Affairs and
Farestry as Deputy Director: Water Quality Management: Mining, responsible for the management and
prevention of mining refated water guality impacts. He then became the regional Director: Water Resources
Management responsible for the provision of water supply and sanitation, and the protection of the water
TESOUICES,

W Hanlie Haitingh has since 2002 w the present been an Environmental Scientist and Project Manager
{NRE) at the CSIR: MNatural Resources and the Environment in Pretoria, From 1999 to 2002 she worked
“for ¥3 Consulting Engineers in Pretoria as an Environmental Specialist. In 1991 to 1999 she worked for
the National Department of Envitonmental Affaits & Tourism in Pretoria as an Assistant Environmental
Officer, Envirerumental Officer, Senior Enwironmernal Olficer, Assistant Director. She is a Member of
[AlAsa Registered Professional Matugal Scientist: Environmental Science at the SA Council for Natural
Scientific Professions. Some of her Achievements include the CSIR Environmentek award for “Innovative
project”, 2005 and renner up for CSTR Environmentek “Integrating project award®, 2004. Hanlie is on the
Water Research Commission Reference Group on “Industry — Government partnerships in the developmerit
of sector-based standards for the water envirenment”, and the ‘Water Research Commission Steering
Committee on “Persistert organic pollutants (POPs) in the water environment™,

B Jay Bhagwan. is 2 civil engineer and is currently a Director: Water Use and Waste Management and Thrust
Manager: Water and Sanitation. He holds the following memberships: GARNET - international information
sharing on water supply and sanitation research, WATER INSTITUTE OF SA and currently SECOND
VICE-TRESIDENT, Gauteng Water Cycle Management, Water Services and Sanitation Forum, JASWIC
{Joint Acceptance Scheme for water installation components), Local Coordinator of the International Water
Supply and Sandwation Collaborative Council (WSSCC), the Intetnational Water Association (1WA}, SA
Minister of Water Affaits and Forestry Advisory Committee and the UNEP-AETC Advisory Cammittee,
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Opening and Welcome

Dhesigen Naidoo - Department of Science and Technology, South Africa
E-mail: dhesigen.naidoo@dst.gov.za

Mr Naidoo welcomed all, particularly the visiting delegates from warmer climes, and apologised
for the prevailing cold weather that greeted them on their arvival.

Mr Naidoo elaborated on the issue of the changing role of science in the world. In the past,
and indeed, still now, science has been centred much on the expansion of man's knowledge-base.
More recently, it began 1o direct itself more 10 the “upper-end” of the economy, with high-end
technology for econamic competitiveness. There has been a move in the last decade to address
prablems in the area of social development, and specifically, the predicament of the poor. This
raises the dilemma of sacrificing merit science for application science. Current achievements are
proving that excellent work is still possible, while focussing on the problems of the developing
world.

There is an emerging discourse on global science and technology, with various fora emerging
therefrom. South Africa and PBrazil, amongst others, have been imvelved in the recent 8
gatherings, with their many interests, mcluding the predominant political and security issues.
The subject of science and technology has gradually moved more to the front of the stage, in the
form of the Carnegie Group {science ministers of the G8) as well as the Academies Group. Five
developing eomatries have become part of this current dissourse, which has included perspectives
on development of their bréef. This & evidenced in declararions and cutcames, as well as in
imvestments that have been made by the richer world. ECOSOC, in the United Mations, has lebbied
in favour of the Commission for Ecescience and Technology having a much mare prominent status,
taking forward the findings of the World Summit on Information Seciety. The CSD (Commission
for Sustainable Development) discussions enjoy a high profile, wotld-wide, with more focus on
scientific agenda. This is a useful indicator, also being lollowed by the developing countries. Brazil
and South Africa are currently convening the G77 Ministers of Science Meeting on 3 September.
The driving force is an increased recognition in the broader economic debate; that science and
technology tesearch and innovation ate cote base structures 1o whatever socio-econamic strate B¥
is going to exist, either globally, regionally, nationally or sub-nationally. The tapic of this current
workshop that we attend taday is Jundamental to our development, munan health, environmetital
health, all part of a beoader equation referzed to as development.

There is a trend in convergence of stake-holders. Increasingly, but perhaps insufficiently,
academia is talking 1o policy and decision-makers in a much more real way. They are talking to
communities who are cotverting themselves from recipients of intervention, to becoming active
and contributive beneficiaries. These tssues emerge in Dr Sibusiso Manziai's presemation, that
will follow.

There is an analysis of the role of Science Research, Technology and Innovation, albeit that
these terms can mean different things to dilferent people. They enjoy an increasing estimate in
value by the highest decision-makers of the world, particularly with reference to the Millenninm

Develapmenit Goals. As noble as the pronouncements were ar the Millenmivm Summic in 2000,



they ate far short of the 2015 target, both ghobally, as well as regionally. Only a few counties give
evidence that they will reach projected targers. Comparisons have been made of extrapolated
time-lines, based on current progress, with what these lines could be, if more innovaive
approachies, with substantive knowledge intervention, were taken, The Millennium Task Force
an Science and Technology has concluded that a 15-year time-frame is feasible, il an mnovative
approach is adopted. The existing and slower alternative route, with the corrent interventions,
has been projected to achieve the same goals after 147 years, the targets being based only on
current numbers of poor peaple it the world. These issues drive the debate as 1o whart should be
happening at global, regional, and inter-organisational levels (our Inter-Academy Panel being one
example}, at national level, and at the entity level. Challenges are immense, but obfer apportunities,
vet needing higher investments in the tasks that require being done. One objective of the G77
Meeting during September is to converge the priority of investment in science and echnology
research and innovation amongst developing countries. We must benefic through sharing in what

we have, in order to be able to surmount our hurdles,
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Africa Consolidated Science
and Technology Action Plan

Sibusiso Manzini, Director of Science and Technology, South Africa
E-mail: Sibusiso.Manzini@dst.gov.za

Water resource protection, water provision and management have a central place in the theme of
Alrican Development, and sites itself within the Science and Technology Programme.

There is much debate on the arigins of the African Continent, and how, in future, it could
prosper. Many have articulated visions, but these require consolidation into an action plan,
Science and Technology (S&T) has a general history of pood organisation, b palitical will and
governance, together with the associated upheavals, have tended to thwart the attention that we
(in Africa) should have given to S&T. Gevernment has had a hroad viston of how S&T should
interface with the National Economy. Professer Odiahambo has referred to a long period of
darkness in Africa, which we would wish to see as part of the past. Thought has been given to how
the (African} Consinent could focus its effort in the direction of secial and economic development,
named the New Partnership for Africa Development. The African Union adopted this as a
blueprint for economic development. Power arises from a new search for the so-named African
Renaissance, besides fostering political wilf and corporate leadership, and recognising the role of
5&T and Innovation in social and general economic development. There is a global emergence of
technological opportunities, example being information and communication, Biotechnology, and
nanotechnology, that offer developing countries a leap ahead in S&T development, especially in
the niches that offer prospects of greatest success. Change of international view, within the 8 and
other allied structures, include the realisation that investment in knowledge development is critical
for social advancement. These new circumstances have lead 10 a new plan, adopted in Senegal
in September 2005. There have been two subsequent and ground-breaking Alfrican conferences
on S&T. Governance, structures, international recognition, and commitment geals have been
identified as priovities. Some programmes, such as the Alvican Instiruies for Medical Sciences,
and the Alrican Biosciences Initiative, are already operational, generating useful and promising
resubts, The African Ministerial Council for S&T met in Johammesburg in 2002 to formulate an
S&T agenda for the Continent, and to galvanise political will. More than farty countries wete
represented at senior and ministerial levels. There was an agreemenl On priorities, structures o be
set in place, and programmes were set in motion. A business plan, based on these decisions, was
adopted in Dakar, Senegal, two years later. There have been future projections on implementation,
and the prospects of innovation partnerships, particularly international partmerships. An aim
has been to improve the structure of R&D activity on the Conrinent, to develop a new Africa of
scientists, technicians and engineers, 1o convert knowledge 1o products and services, 1o promaote
good science and innovation, and to create an African demand for science and wechnology.
Principles that underpin the plan are based on own priorities. The last two Ministerial Meetings
and various committees responsible for this plan convened with no external consultant service,
Focus was on the needs of the Continent, working towards common consensus. Collective action
on common challenges included owmership of the African Union, shared commitment and

responsibility, adding new value to exiting national, regional, and continental effort, Primary



intent has not been on creating new institutions, but new programmes, where identified needs
arise, sharing the problems and issues of broad impact across the Continent, across borders,
in substantive joint programmes, and programmes under the NEPAD Plan. We leam, as we
progress, adjusting through feedback from experience. It is important to note the differences in
capabilities that exist on the African Continent. These can be addressed by sharing esources,
infrastructure and institurions. Although we jealously guard it as a plan owned by the Africans
for the Africans, it is open to international parinerships, and we see cooperation, in this respect.
The plan will stand, or fall, on the basis of Africa’s steps forward. Human capacity developrent
is a central issue, as is indigenous knowledge, not only in terms of indigenous technology, per
se, but also with respect 1o indigenous ways of doing things, enabling pelicies at government
level, and underpinning regional diversity, that takes account of regional differences. The path to
this plan is pasticipatory, which is a departure frem past practices. Scientists, at top levels, have
heen drawn in as contributors to the plan, with high levels of political engagement that invalve
she AU Commission. There is an institutional framework required, but we also need o deliver
results that will inspire motivation and confidence, using the learning process, and adjusting to
priorities, The African Ministerial Council for Scientific Bedies is concernied with policy-making,
this body consisting of all ministers that are responsible for Science and Technology on the
African Continent. There is a steering committee that operates at official level, with respect to
the implementation of the Plan. The AU Commission provides political and policy leadership,
being owner of the Plan. NEPAD is responsible for the tinancial and technical resources, as well
as the day-today administration. The Council of Ministers has its current chair in Senegal, in
the governance structures. Meetings are biennial. The AMCOST ministeriat burean has twelve
members, one from the chair country, one from the host country, and two, per region, in the
five nations of the Continent. Finance provisions are formulated, and coordination creaked, as
needed. Expert panels are put together, as required. Steering committes members are Horth Africa
and tndonesia, Ghana, Malawi, Mogambique, Ruanda, Conge, and others yet 10 be determined. A
range of twelve technologies, in five clusters, has been identified as areas of need. These include
water technology, which has 2 bearing on the developmen of other areas ol overlap. Mathematical
modelling has since been identified as a thirteenth area. Institutions have been identified for being
responsible for particular research areas. These institutions are linked in a trans-border network,
working on the same programme, that addresses common priorities and needs. Each networl: will
have a huh, responsible for administration, and driving of the programme. Itis a continental plan,
but does not cverlook regional concerns and priorities. There are four networks in the biesciences,
these being between North, West, South and Central-East Africa. The bioscience network, based
in Mairobi, Kenya, Fast Africa, will focus more on agricultural applications, while the southern
network will deal more with health and industrially velated problems.

The Ré&D programme is only one third of the responsibility. There are mauers of governance of
science and technology. The African Sciences and Innovation hub has been located in Cape Town,
there, 10 establish capacity, collect data from the rest of the continent, create capacity within the
continent, foster human resource development, foster cooperation, as well as monitor progress
of the plan, dealing with changes, as and when they take place. Bilateral partnershios between
Allrican countries and outside partners exist, but the wish is rather 1o see countries collaborating
on a multilateral basis. Public participation is impottant in the advisory process, when it comes
to issues such as biotechnolegy, informing heads of state as to concerns on matters such as GMO
{geneticatly modified organisms).

A last word can be said about the African Science Innovarien Science Faciliy. There is a need
to manage and drive plans into the futnre. Responsibilities will include resource raobilisaion, wo
allocate and te moniter resource use. Many African countries contribute only 0.2%, GDF to Rz,
this being very low in relation 10 the generally accepted benchmark. The next summit of the AU

will be forecasting on &7, with various programmes on its agenda.
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IAP Water Programme -
Regional Workshop for Africa

Marcos Cortesao, Brazilian Academy of Sciences
E-mail: mcbhs@abe.org.br

Dr Cortesdo acknowledged the pivotal role of the Sovth African Water Research Commission, on
behakf of the Academy of Science of Sowth Africa, and the ¥aluable efforts of Dr Rivka Efir, its
Director, in the affairs of the 1AF Water Programme.

LAP {InterAcademy Panel on International lssues) is a global network, baunched in 1993, with
a cirrent membership of 92 Science Academies from around the world. These include narional
Academies and Institutions, as well as regionaf and global associations of scientists. A number
of other scienvific organisations also participate in JAP meetings and activities, as observers.
Examples of these associations and organisations, in Aflrica, are the African Academy of Sciences
and the Nerwork of African Science Academies,

1AP is headquartered in Trieste, haly, being uader the adminisirative umbrella of the
Academny of Sciences for the Developing World, formerly known as the Third World Academy of
Sciences(TWAS). IAF receives substantial suppert from the halian government, which passed a
permanent law in year 2004 that provided a secure funding basis for the activities of the network,
Member Academies also contribute to the programme activities of TAP, Teday's workshep, hosted
by the Academy of Science of South Africa is an example of such support, meeting expenses with
national funds.

The primary goal af TAP i5 to premote collaboration between member Academies, and to
advise citizens and public officials on the scientific aspects of critical global issues. IAP assists
young and small Academies, in particular, to achieve these goals. It helps member Academies
raise both their public proble among citizens and their influence ameng palicy makers through
the communication links and networks created by its programmes and activities.

Science and the development of knowledge have intermational characteristics, namely, a
dependence upon the clese interaction between scientists, world-wide. Science. and the henefits
derived therefrom, are not equally distributed and shared, especially amongst people in developing
couniries. IAP intends 1o serve as an international instrument to help in the overcoming of this
situation. The achievement of sustainable development and of a more egalitarian world — where
lamine, poverty and lack of access to warer and sanitation services are ng more at issue — T¢present
an enormous challenge ta which the international scientific community must be committed.

The 1AP Water Programme focuses on concern with the emerging *water crisis” that threatens
many peaple in many regions of the world. About one-third of the warld's population is tiving
currently under moderate or severe water stress, most notably in the Middle Fast and orch
Africa. One billion, three hundred million people lack access to adequate water supply, and rwo
billion people do not have access to adequate sanitation. Water pollution contributes to millions
of preventable deaths every year, especially in children. Vigorous scientific, technological and
reanagerial action is necessary w improve existing water supplies, to recover degraded surface and

groundwater reserves, and to secute the Necessary waler resaurces for the future.



The Brazilian Academy of Sciences presented the LAP Executive Committee with a proposal
of 2 new IAP programme on Capacity Building in Water Resources Management. This proposal
was discussed within the Academies and at the Fast 1AP General Asserably, held in Mexico in
December 2003, the 1AF Water Programme was established, commining 54 Academies of Sciences
throughaout the world.

Conceptual discussions and strategic planning have been covered, and Pretoria hotds the
third of a set of six regional workshops that have been planned in 2006. An initial workshop
was organised in June, in Beijing. by the Chinese Academy of Sciences, covering the East Asia
and Pacific Region. The Americas held their regional workshop in July, in Guarulhos, Sao Paulo,
umder the auspices of the Brazilian Academy of Sciences. The Polish Academy of Sciences will be
organising the European workshop in September in Lodz. Two other workshops are still planned,
one for Central Asia, and one for the Middle East and South Asia vegion, but definitions from the
local organisers are awaited.

The objective of these workshops has been to bring together high-level water researchers and
managers to discuss, at regional level, the major problems faced in water management, and to
determine how science could contribute to solutions. A regional perspective will help in the
identification of specific and general demands, and generate an agenda for the programme. These
workshops also play a crucial rote in the consalidation of the [AP Water Network.

The summarised general objectives of the JAF Water Programme, via the Science Academies
of the world, are: (1} development of local capacity building in water resoutces management; {2)
networking of water researchers and managers, 1o enhance waler management capacity in the
developing world; (3} improving policy and decision making processes; (4} increasing public
awareness on the emerging water crisis; and (5) bringing to the table the major international water
programmes and initiatives, to discuss complementary work, avoiding wasteful duplication of
effort and funds.

Althongh the hydrological cycle links all forms of water on the planet, surface and ground
waters have not traditionally been viewed or managed on an integrated basis by professionals,
gither as scientisis or managers. This disconnection between policies is an important issue
to the TAP Water Programme. Events at a watershed level will impact on aquifers, qualitatively
and guantitatively. Pollution of water has the most serious human impact. Mare and mere
contaminants, both in type and quanity, pollute both surface and ground water supplies,
especially in urban and industrialised regions. Pollutant origins may be point and nen-peins, and
can include landfills, sewage treatment lagoons, disposal pits, urban runeff, fertiliser/pesticide-
contaminated agricultural run-off, and *dirty™ industry. These all contaminate botk: surface and
ground waters. Effective management relies on an understanding of the component processes. This
includes water regime and quantity, aquifer recharge rates and recharge quality, and catchment
issues, in terms of land use and terrestrial input.

The existing dichotomy regarding surface and groundwater issues can be better handled
through a watershed and integrated approach. Instead of being reactive, management must e
pre-emptive, foreseeing problems, instead of only responding to them. The LAP Water Programme
raises this new paradigm. Hydropeologists, limnelogists, engineers and ecologists, among others,
need to collaborate in cross-sectorial and regional approaches to management, optimusing
investments, both human and financial. This requires innevative approaches in research,
management and capacity building.

This said, the dominion of knowledge is a necessary, but not sufficient condition. Sustainable
management of surface and groundwater tesources will only be possible if scientists bridge
professional and cultural gaps. Furthermore, if we fail in getting our knowledge across to the
managers, our effort will have been in vain,

The Water Programme proposes the implementation of Tnternational Training Centres as part

of a framework for accelerating the development of human resources, and integrating research and
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management. This will provide focal points of training, development of new technologies, and
identify field facilities for case studies. These training centres do not need 1o be new structures,
bt can be based on existing institutions and networks. These centres will be linked throughout
a metwork that will provide a facility for exchange of programmes, scientific data, research
information and training programmes. They will also stimulate, integrate and catalyse ongoing
activities, fostering innovation.

Proposed international training centres wilt focus on the water problems of the world in
a unified approach. They will integrate scientists and managers, who wilt addvess the pressing
problems of water supply, while lusthering knowledge. These centres should promote publication,
and supporl exercises in public awareness. They should provide managers and scientists with
appropriate training courses, collaborating with local universities and related institwions. These
centres should cooperate av all times with the other international centres, securing a competent
network that will foster advanced scientific research. Partnerships between public and private
institutions should be accelerated, integrating climatology, hydrology, hydrogeology, limnology,
ecology and research, development, innovation and management.

Many international programmes and initiatives currently deat with water issues through 2 wide
variety of approaches. The 1AP Water Programme’s view is thas lack of mtegration, amongst other
hurdles, leads 10 wasteful duplication of effort. There is limired focus, and oo much disciplinary
research, that thwarts a systemic approach. The JAP programme proposals represent an innovative
approach, and could generate a new step forward in water research and management. The prestige
of the Science Academies could give credence to the call to table of the major existing initiatives, wo
discuss the importance of a new paradigm in water management, where there is more collaboration
between different programmes.

The response that we are receiving gives us confidence in our programme. The need to ensure
access to clean water, both to the present and future generations, is paramount, being an important
contribution towards the fulfilment of the UN Millennium goals.

May | quote an old African wisdom: “The earth is not ours. It is a treasure we hold in trust for

our descendants™,
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Water Resource Management in
Africa - Capacity Building Issues

Rivka Kfir, Chief Executive Officer, Water Research Commission, South Africa
E-mail: rivkaki@wrc.org.za

My topic covers general issues that relate 1o capacity building, and water resource management,
These comceprs come threugh the African Task Group, and other researchers who are focusing on
the Alrican scenario. The African Water Vision 2025 is embodied in the statement, “An Africa,
where there is an equitable and sustainable use and management of water resources for poverty
alleviation, socio-economic development, regional cooperation and the environment™. We need
capacity, as well as knowledge, in order to achieve this.

There are more than 80 internationally shared river and lake basins in Africa. Water “ignores™
national borders. Most of African susface water resources are concentrated in the Congo, Niger,
Ogooue, Zambesi, Mile, Sanga, Charilongone, and Volta river basing, and in the Great Lakes basins
in Eastern Alrica.

Less than 10% of Africa’s river and lake basins are covered by wetlands, Wetlands are an
essential part of freshwater systems, as they provide a wide range of benefits, such as flood and
erosion control, water storage, filtering, and decontamination, and offer a range of food and
material products, as well as opportunities for recreation. Healthy wetlands are an essential pare of
the fresh water system, necessary for improvement and maintenance of water quality,

Many drainage basins, such as the Nile, Volta and Zambezi include large dams {exceeding 60
metres in depth] for water supply and power generaticn. New dams are under current construction
in the Miger, Orange, and Oued Draa civer basins, The rate of construction of new dams has
decreased considerably in the last decade. Issues concerning the environmental impact of dams
remain a controversial matter, but their value lies primarily i the safety and security of water
supply.

Groundwater has been described as "hlue gold” The African Continent can be divided into the
following grouwndwater regions: Atlas Moumains, North African Basins, West Alrican Basemnent,
Sub-Sabaran Basin, East African Basement, East Africa Rift and associated basins. They are
independent aquifers, with different utilisations. Annwal groundwater recharge, per capita is
lowecest for Morthern Alrvica; 144 m® per capita, per anmum, for the Atlas Mountains, and 350 m? per
capita, per annum, for the Morth African Basins. The degree of groundwater development in these
regions is a respective 49% and 22% of mean anmual groundwater recharge. Annual groundwater
recharge, in the other regions, ranges from 2 400 to 9 900 m* per capita, per annum. This is a
huge diversity.

The urban popuodatien of Africa is increasing at a rapid rate, raising demand for potable water,
patticularly in urban areas. Groundwater can be a viable resource to meet this demand, provided
the necessary protective and institwional measures are in place, and are enforced. Sanitation is an
inevitable asseciated issue.

Chaltenges that face Africa, and its progress tonwards ts millennium goals, include both natural
and human facters. The Continene suffers from one of the most unstable rainfall regimes (in time,

and space) worldwide. There is uneven distribution of both surface and groundwater resources,
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causing severe aridity is areas such as the Sahara and the Kalahari, while creating extremely
humid and trepical conditions i areas such as the Congo Basin. There are consequent extreme
climatic events {droughts and Moods) that pose a continueus tisk to Africa’s population, their
livelihood, and their natonal economies. Associated with the phenomenen of global warming is
the incidence of malaris, in locations that were previously fre of the disease.

We deal with the tmman factors. Afvica’s internal renewable freshwater resources average
3950 kmfyear. This represents 10% of the globally available freshwater resources, and eguates
tor Africa’s share of world population {12%). Certain water-scatce regions of Africa have succeeded
in providing water supply to large segments of their populations, while in other parts of Africa,
water-supply and sanitation coverage is restricted to less than half of the popilation, in spite of
availability of abundant water. [ssues facing water resources in Africa, thus, do not involve watet
availability alone. The human factor, in the form of water management capacity, plays its role, as
well. Human factors relate to governance, legislaive and institutional {rameworks, water over-
exploitation and pollution, conflict and political insiability, inadequate technical compelence,
inadequate institutional capability, and low priority given to water and sanitalion, in terms
of securing the financial resources required. These factors aze compounded by an increase in
demographic mobility that accelerates urbanisation.

We examine the water supply coverage in rural and urban settings from 1990 1o 2002 The
watet and sanitation scenario for uthan areas is reasonably acceptable. in spite of the complication
of growth. Il one considers the tural aveas, however, there are more serious shonfalls with
targets, especially with respect 1o sanitation. United MNations, through their Economic and
Social Committee, recognised water as 2 human right in 2002. Potable water for domestic vse
is prioritised as the most urgent water need. At that tme, 51% of rural areas, and B6% of urban
areas, had been provided with water supply. Sanitation figures are lower.

Water efficiency, equity and resource security can be depicted diagrammasically by a 1riangle,
with apices labelled as follows: Efficiency - maximised benefie from the water used; Equity —
aspiration for better access to safe water; Security and coeperation — 1o ensure (emvironmental}
stability and viability of resources. These interacting and mutually competing factors bear on
issues of allocation (Agriculture, hydropower, etck and conservation, and they impact on policies,
itt terms of how human and other peeds (such as stable ecosystems) are met. This may be
parirayed as a water “trilemma’, and reguires more information (more data) of reliable qualicy
about availabilities and needs, in terms of water, to aveid incorrect allocations.

Urgent needs that have been identified are safe drinking water and sanitation, food security,
public health, environmental degradation, and disaster management. The African Water Vision
2025 is, “an Africa, where there is equitable and sustainable use and management of water
resources for poverty alleviation, socio-economic development, regional cooperation and the
enviranment”. Four thematic areas are governance, Water wisdom, urgent water needs, and
finances. Water wisdom is equivalent to capacity-building. The vision and [ramework for action
provides a basis to suppott the priorities and targets, as formulated by the NEFAD and Millznnium
Development Goals.

The chaltenges Lo water wisdom have been identified as follows. Seatemients are very general,
Autharities lack adequate human (technical and managerial), financial and material resources, Lo
plan and implement water and sanitation policies and programmes. There is a shoriage of know-
hew, and of institutional “strength®, particularly in the avea of TWRM. Africa is also faced with the
problem of capacity retention of trained and highly skilled personnel. Talented people go abroad
under bilateral agreements, and then settle there, instead of returning.

There are limitations in terms of information generation and management, as follows.
Inadequate financial and human capaciey (at national, sub-regional and continental levels);
Yack of data of adequate quantity and quality on water resources, a prerequisite for effective and

sustainable water resource management; water related data and informatien are often too general
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or diffuse, due 1o inconsistencies, inadequate length and incontinuity of available vecords that
arise [rom unreliable instrumentation, or interruption by political instability; shortage ef facilities
and of skilled people, at various levels, to collect and process information and data, for longer-
LTI Waber Hanagerment,

There ar¢ knowledge gaps. There is an information bias, generally towards water quantity,
against quality {a hydrelogical, tather than a health-focused perspectivel; information on
groundwater resources is inadequately derailed and inaccurate, in comparison with surface
water resources, more information is needed in the areas of climate variability and change, water
pollution and environmental crises {disaster management); data and analyses of a longer-term,
and time-series nature are needed, and what still needs to be resolved is the often restricted access
to databases, and the inadequate sharing of transbourdary information.

Meeds for the improvement of water wisdom are perceived as lollows. Enhancing cipacity
through development of tailor-made capacity-building programmes, through the following
measures: strengthening networking of education anmd raining instivutions, nadonally and
internationally, and strengthen partnerships; developing human and institwtional capacity
lor I'WRM a1 appropriate levels; mainstreaming gender issues in TWERM capacity-building (a
Tot of African subsistence farmers ate women), and at all levels in water resource policies and
programmes, including decision-making and implemertation; securing and retaining skilled and
motivated water professionals; enhancing research and development; developing effective systems
for monitoring, collection, assessment and dissemination of data and informarion on water
resougces; improving or re-establishing water resource monitoring and assessment; improvement
ol access o and sharing of water-related information and data.

There are knowledge gaps that require to be addressed, as follows.

Establishing better and longer-term time-series of water-related data and informarion, especially
on water quality (pellution) and groundwater resources; establishing impact of climate variability
and change on water resources;

strengthening disaster management of extreme environmeneal events {e.g. eatly warning
systems);, exploring different mechanisms that it inte the social and cultural comtext of
commumities, for increasing women's access to decision-making processes and participation in
TWEM.



The Evolving Science
System in South Africa

Wieland Gevers, Executive Officer, Academy of Science of South Africa (ASSAf)
E-mail: wieland@telkomsa.net

Dr Manzini, on behalf of the Department of Science and Technology of South Alvica has already
given an outline of what is happening in Africa, developing an integrated governance and strategic
approach of its own, and defining its own aspirations. My address concerns the situation of South
Afvican science in this context. The opinions in my presemation are personal, and not the view of the
ASSAE, or of anyone else, and are drawn from forty years of involvement in South African science.
It touches an some of the themes already discussed this morning, namely, the movement from a
fragmented and uncoordinated *systera” of science and technology to a more understandable and
role-dilferentiated, better governed and better coordinated and more efficient and effective system for
South Africa, and the Continent.

This address is given as three topics. The first lists the *plusses” of our present evolving system.

South Africa has a separate department for Science and Technology (DST) that has proved o be an
effective advocate in Cabinet for the notion that S&T is an intrinsic and important part of national,
economic and social development. The other ministries have bought into this, with the acceprance
by the cabinet of a target expenditure, public and private, of 1% or more of GDP on R&D by the year
2008, The last two vear's respective figures were 0.81 and 0.87%. Current wends indicate that we
are on track. This is probably because the target is couched in language that is understandable by
pokiticians. It allows the mobilisation of resources from Treasury toward this sector. There is a DST
division dealing with internarional relations and resousce leveraging {rom the rest of the world into
South African S&7T. A good example would be the now-completed Southern Afvican Large Telescope
{SALT} that began as a South African Project, subsequenily getting support from Europe, USA and
the Far Fast, with South Africa ultimately contributing only a minor part of the total expense. The
DST is a phus for the Country, effective in the Cabinet, and committed to increasing and well-targeted
expenditure on worthwhile endeavours.

A second plus is thae we had a National System of Innevation by statute, since 1999, with a Mational
Advisory Council (NACT). This Council advises on needs and pelicies, providing an effective voice
10 get matters moving, since it can pick up on any sector, and then formulate recommendations. We
have the Human Sciences Research Council (HSRC), which (independently) can generate, quantily
and interpret indicators that measure National S&T progtess and productivity. This provides the
Advisory Council with *real numbers™ o tell them what is happening, on a measurable basis.

The third element is the existence, since 2000, of a Mational Research Foundation MEFY, which
is primarily an agency for implementation of policy. It is an effective grant allocator, deing this on
a very competitive basis, which is fundamentally important for the country. This is part of a policy
framework that builds capacity, and allows South African researchers a considerable part of the
funds needed to carry out their work. As an example of pelicy implementation, the DST persuaded
the Cabinet thar there was a severe backlog of equipment for research; the Treasury allocaed the
funds needed, and the NRF is allocating the funds according to sex policy, on the advice of its varicus
adjudging panels. DST also implements " [rontier science” through one af the NRF's other divisions,
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dealing with bids for the optical telescope, the radio telescope, and other areas, where it is possible
to give South Africa world-class competence, The NRF also fosters the development of university
infrastructure, and rates schelars over long periods of time. Research proposals are now only judged
ar their content, and on the short-term merits of applicants, but alsa en their long-term (five to ten-
year) records. This ensures that fands will be wetl used. There is a huge bursary programme, right
up to past-doctoral fellowships, te grow national 56T capacity.

Another plus is the existence of 21 higher education institutions, universities, ar universities
of technology. They are all commitied in their strategic plans w deing research and 1o growing
in research capacity, even though they may vary grzatly in performance and track recard: the
cemmitment and understanding of the needs at least is there, We have, in general, an education
policy that provides support for researchers, in terms of supply-side subsidies, meant to build and
maintain mfrastructure. The Department of Education, advised by the Council on Higher Education
and the Quality Committee that supparis its work, decides on what kinds of subsidies should g0
to these universities, in terms of their research preductivity, the needs for infrastruciore, and the
quality of research that they produce. The pelicy framework is generally a good one, even if there are
many complaints, in practice, but this is inevitable in any system, good or bad. We also have ATy
science councils and bodies, lke the Water Research Commission, that opetare, as you will shoetly
hear, in a slightly different manner. These are active in wanslational research, There are science
councils in the naturat sciences, the medical, human, and social sciences, minerals, BROSCIENCES,
and 5o on. The country alse mercifully has a very free press; one can expect o read criticisms of
policies in the papers, and hear news of things that went wrong. There are a large number of civil
society organisations that have particular interests and that lobby, in favour or against issues such as
genetically modified foods or other aspects of biotechrology. We have awards at national level: we
have mobility of cur scholars, These are all the plusses in our science SYStem.

However, there are more minus than plus points under my second topic, and much work is
needed to address these. There are huge problems in school education, ar primary, and especially
secondary levels, in preparing the general population for participarion in a knerwledpe-based
econoty. These are inheritances from the past, and they have not yet been addressed with any real
effect, as evidenced by the various indicators. This is an enormous impediment to PIOETESS.

We have a very young Academy of Science {ASSAF, your co-host, today). Tt is only a decadz old,
and Government has only bad a statute identifying ASSAf as the national science academy for the last
fve years. There are in fact two older “acaderaies™ that have each existed for almost a century; they
are part of the history of the country, and still exist, so our officially recognised new academy has
to make its weighe felt, build a track record, and mobilise the kinds of peaple in every country who
support and work for academies. Modern science acadzmies are changing from a purely honorific
role to focusing on providing science-based advice, independently of Government, based on merit
and evidence, and on multidisciplinary approaches. These are the key hallmarks of moadern science
academy practice, reflected in the Inter-Academy Council, which was formed by the IAP, to provide
science-based advice at international level, for all world governments. We have had fragmentation
in this key domain in the past, with all kinds of advice for governments, sometimes by gaovernment
departments, for themselves, knowing their own needs with predictable (bot uncenvincing)
accuracy. This is certainly not safe or optimal advice to Government, even if implementation goes
faster when {seli-judged) policy is sell-initiated. The Acaderny needs to grow and develop, and we are
delighted with MASAC {The Network of African Science Academies), and with the African Science
Academy Development Initiative of the United States’ National Academies, which is reflected by Dr
Barney Cohen’s presence here today, representing the United States National Academies and the
possibility that we can meve forward with our sister academies in Africa. The health area research
support system in South Africa seems presemily to be somewhar confused, especially with the
blurred delineation beiwsen the Matiomal Research Foundation, the Medical Research Council, and

various other bodies; this is a problem in both structure and systematic support and development.
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University-based researchers produce about 95% of peer-reviewed publications coming from
South Africa. There is very little institute research, and very litde full-vime research. Universiny-based
Tesearchers are pressurized by large teaching loads, excessive administrative burdens, severe under-
funding, and under-prepared research students, as the system deals with the legacy of the past. Few
of our researchers can work as people of the developed countries can, near full-time, under institute
conditions. Under ideal conditions, one’s own potential should be the only limiting factor in research
procluctivity. The Academy has just completed a report ag advice to the government, in that we have
reviewed research publishing within the country and from the country. South Africa has more than
250 research journals that have been accredited by the Government, and there are many more tha
are not accredited. They mostly appear infrequently, are thin, with low visibility, and enduring an
insecure existence. We (the Aczdemy) have made wen recommendations that have the potential
materially to improve the quality and visibility of the best South Alrican research journals. At the
practical level, vesearchers have library cuts, electronic communication bandwidrh Hmitations, and
extended distances from the active centres in developed cownries. These factors are not conducive
for successful research. Equipment and supplies are a constant problem, and immigration pelicies
and practices prevent the recruitment of top scientists from elsewhere.

Some remedies are under way. There is a mix of seleciive school-lewel interventions. There
is reform of the system throngh seective interventions in the so-called Drinaledi schools, initially
abour a2 hundred, increased to four hundred, where there are provisions to give a large cohart of
learners a real capacity to move from rote learning to empirc mvestigation, The Academy, o
suppart this, publishes a new science magazine entitled Cuest. Uts intended audience is wide, but
i is simed specifically at teachers and learners at senior levels of school education, giving them a
good view of Souch Alrica’s top science, endeavours, stimulaung pride and interest in what we can,
and successfully de. The science-based advice svstem is gaining a mere logical organisation. We
are pleased that the DST recognises the Academy as playing an important part. Our syenpoesium
on evidence-based advice at the start of the vear involved many different role-players, There was a
profound insight gained during the last session, that an acadenuy of science gives a country the ability
10 mobilise mulii-disciplinary top talent from all sources, allows it to do studies and investigations,
and make recommendations, independent of Government, in a professional manner. This helps wo
explain to all whe are involved in the system the need for, and the wole of, an academy like ours.
{The proceedings of the symposium will shortly be published) We need 1o address the healh
research base, and integrate it intor the broader system. DST is addressing cur problems by lormal
establishrent of centres of excellence, inter-institutional networked research centres that are well
supported. DST will shottly anncunce its fizst set of 33 research chairs, targeted to increase 1o 210
research chairs in the counry by the end of the decade. Since there are currently onby about 6000
actively publishing academics at South African universities and museums, this is a very significant
and highly targeted intervention. Each of the new fully-funded, full-time research chair-holders wiHll
be fnanced not cnly for own salary, but alse for a research group, and for necessary equipment.
All this has come from the Cabinet, and from implemematon of evolving policy. Unisersities have
also come 1o the realisation that their scholars can no longer work under the conditions that they
have endured in the past, and are forming institutes of research, with multiple funding sources,
allowing top voung people the best opportunities. As mentioned above, we are addressing the matter
of how we publish, and how we become visible 1o the world, ae large. We have a Naticnal Equipment
Strategy being implemented, policy changes to atwrace key skills, changes to the immigration system
Lo attract oweside scholars, not 1o mention the encouraging developments thar are currently taking
place at the continental level,

In summeary, in South Africa, we are acky, in many ways, 1o have an infrastructaral base that affords
a valuabe resousce far the whole continent. We have serious problems that need addressing, and are
being addressed. It boils down to a combination of looking after your own country, and working

together om the continent, as a whole. This is the way to go 1o build the ideal of an African Renaissance.
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Building African Networks of
Centres of Excellence in Water
Sciences and Technology

Kevin Pietersen, Water Research Commission, South Africa. NEPAD S&T Water Task Force Member
E-mail: kevinp@wre.org.za

The key issues and priorities for water resources in Africa may be listed as follows: *Water avaidability,
influenced by climate variability and change (droughts and floads), high populatien growth and
utbanisation rates, overexplottation of water resources; pollmion of water resources; poor governance
of water resources; inadequate human capacity, insufficient knowledge and data; lack of access 1o
safe water and sanitation services, inadequate financial resqurces and institutiomal ATTANgeTaents.

Science capacity is imperative for Alfrica’s development, as has been identified by the World
Summit on Sustainable Development. The repost of the Commission of Africa states that a long-
term programme of investment is needed, both to revitalise African universities, and to support
the development of centres of excellence in science, engineering and technology, inctading African
institutes of technology. This shows awareness at a political level. Awareness needs to be translated

~into action. The African Ministerial Council on 58T consolidates the science and technology
programmes of the AU Commission and NEPAD. It sets continental priorities and policies for the
development and application of S&T for Africa’s socio-economic transformation. AMCOST goals
ate to enable Africa to harness and apply science, technology and related innovations, 1o eradicae
poverty, and achieve sustainable development, and to ensure thar Africa cantributes to the global
poet of scientifc knowledge and technological innovatians.

The first AMCOST meeting identified flagship programme areas, these being —biodiversiy
science and technology, biotechnology, information and communication technologies, energy
technologies, materials science, space svience and technologies, post-harvest food technologies,
water sciences and technelogy, indigenous knowledge and technologies, desertificarion research,
science and technology for manufacturing, and lasdy, laser technology.

An expert workshop was held in Nairobt, 9th to 12th May 2005, at which there were 60
experts from 20 African consuries and from France. NEPAD, the French Institute of Research for
Drevelopment (IRD), UNEF and UNESCO were the organisers, NEFAD, UNEP, UNESCO and the
French Ministry of Foreign Affairs provided the funding, Expert deliberations addressed trends in
water sciences and technelogy, scientific and technological opportumities, criteria and indicators,
specific processes and actions, regional and international cooperation medalities, EOYETMADICE
structures, and financial mechanisms.

The recommendatians that arose were as lollows; the establishment of 2 Water Task Farce
that addressed criteria and guidelines; sharing of facitities and expertise; network sustainability;
political endorsement; calls for submissions; and the verification of institutienal capacities. Further
recommendations were some elements of terms of reference for the identification and designation
of nezworks of centres of excellence,

The Water Task Force met in Pretoria, 27th to 29th of july 2005, MNine experts from the five
regions (plus an expert from France) discussed criteria and guidelines, mechanisms for £ooperation
and sustainability of the network, AMCOST/AAMCOW endorsement, publication and dissemination

of the information, verification of submissions, and arising recommendations.
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The second AMCOST meeting dealt with an S&T Action Plan for Africa, consolidating
S&T programmes of the AU Commission and WEPAD, and affording an instrument for the
implementation of the decisions of the first AMCOST meeting. Identified areas for securing and
sustaining water wete the scientific assessment of Alvica's water resources and systems, teseasch
and technologies to assess and monitor water-related disasters {with an emphasis on foods
and drought), knowledge and technelogies that improve water guality and quantity (including
sanitation).

Assessment of water resources and systems encompasses methodelogies and tools for
conducting systematic assessment of the water Tesources (both surface and groundwater}, and
training African scientists and technicians on the methodolagies and tools for conducting water
assessment; launching and conducting watel assessiments at sub-regional and regional levels,
developing a databank of Africa water resources and ecosystems, and disseminating scientific
information on the nature of water resources and ecosystems.

Assessiment and monitoring of water-refated disasters cover identification and assessment of
existing technologies for llood control, to determine their applicability in Africa, development of a
databank and disseminating information on the technologies, and conducting research to modify,
improve and develop flood control technologies. These would be linked to the desertification issue
of drought.

Improvement of water quality and quartity deals with water quality assessment methodclogies
and technioues, research on and development of desalination technologies, drinking water
treatment, and water eu[rophicatinn.

Governance mechanisms cover inter-ministerial comumittees (AMCOST and AMCOW), 2
technical advisory cominittee, experts in waler science and technology, technical and advisory
services, a peer-review system for competitive grants, and a network coordination ofbce.

Financial mechanisms cover areas such as a special trust fund in the Alvican Water Facility.
Guidelines for the allocation of financial resources from the proposed trust fund would
be developed and adopted by the governing council. There would be the matters of donor
contributions, sale of products or patems, publications, elc, and public-private partnerships. The
governing council would establish a special ministerial commitiee on funding the nerwoerk, Sucha
committee would ensure that strategies lor resource mobilisation and allocation ate designed and
implemented.

The South African Water Research Commission (WRC) is involved in a Furopean Union (EU}
funded preject to promote the involvement of African water researchers in their Framework
Programme (FP6 and FP7), including other bilateral scientific endeavours. The EU partners are the
Nawural Environment Research Council, the Centre for Ecology and Hydrology at Loughborough
University, the Water Engineering and Development Centre CWEDEL), and Hydrophil {Austria}.
Focus is on information training and communication, details of which appear on a web address
httpeffafricanwater net, as well as In brochures and on posters. The Alvican Water Prograrmes are

as follows.

b
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1 Information, training and | Written materiak witl support information, training, and dissemination artivities,
commUmications web site, brochures, posters, etc

3 Warking through existing | A database of African researchers and sesearch oaganisations will be used to
networks manage information on African resesarchers, and o be atoal in parmer searchas.

Auctivities in Africa, such as training sessions, dissermination, displays and

3 African Outreach confereaces will be used for outreach and building exercise.

Africa meets the A detegation of African reseaschers will vish Brussels during the launch of FP7, 1
Carnmission mest key ELl programne officers and information providers
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In conclusion, we are busy with the following tasks, namely, establishing an inter-ministerial
dialogue between AMCOST and AMCOW: submission of centres to prepare and record their
institutional capacity profiles; considering an inter-wministerial mechanism thar will select
appropiiare centres, and formally designate them as Africa's centres of excelience in water sciences
and technology, as well as consider and approve the governance and fnancing mechanisms

proposed by the network of centres.

SOURCES OF INFORMATION

hueptferww. natare com/nbtfournaliv2 #indfindex. him!

hup:tfhopics developmentgateway.orgfict

hupsiferww netl. doe. o

bitg: Ferwrw lg-lasertechnologies.com/~Various UM Reports
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randwater.ca.za."Education.-'D-:Jw:nIcradahte_Ma{enals.-'dm_pl-:mres.asp



Discussion on Session |

Facilitator: Eiman Karar
E-mail: eimank@wrc.org.za

Warar: The challenges and issues have been identified by the speakers of this session, and we need
1o consider the way forward.

Question: What appmach 1o creation of networks and cenires of excellence is in fnind? Are there
guidelines as @ how they would function as continental cenures, 4s apposed to thait local
function?  Consideraions inclade sabbatical hospitality, rraining COMISes, workshops, the
Jeadership role that has to be played, not averlooking the resources that wiilk bve Tequired?

Reply (Pietersen}. Mot at this stage. This is substantial work that still requires 10 be done. We are
at the stage of soliciting political support at mitisterial level Water is a cross-cuiting issue, 1{ we
launch it a5 an AMCOST initiative, water ministers woukd object to lack of consultation with them
in the process. We are looking at guidelines and criteria; it is 0ot et fleshed out. A biosciences
initiative has been launched, and we are learning from this, ity ierms of ihe issues that can arise.

Question: My interest is in the EU project with the WRC and Alrican researchers, as [ am an
African researcher. | am curious Lo lnow more about the project’s intended function, and how
may people, like me, wovtd be able to participate?

Reply (Pietersen): our presence at this meeting is indeed the first step. A key challenge is the
construction of a database of African researchers. In 1eTIms of networking, there is a web site
{detail not given that provides currerst {nteraction, and you can lodge your details at this site,
but we are also gathering the informatien vhat we have acquired from ehis meeting. We will have
a series of workshops, in the aforementicned African Reglons, where we will bring researchers
together Lo imiroduce them o the programime. A, delegation of Alrican researchers will then
approach the EU, andk engage them on the various issues. Dialogue must e sustained.

Comment {Karar) The reason for this imervention is the concern on the part of the EU. in that
whenever they make projects available for bids, there are no submissions from Africa. The
niessage from African Researchers has been that the complex beaurocratic procedures, poor
comynurnication, and processes (hat 1ake indeterminate lengths of time, encoutages prospective
applicants 1o LuIN their attention to their other priorities. Alrican “Warer, through WEDEC
[University of Loughberough! will retain the researcher database, allowing for the twinning
of European reseatchers with African counterparts, There will be more effort in creating
transparency to the submission process, in order that it may be flly understood. The MEPAD
rask force and other relevant siruciures will idernify mdividuals that could e trained as
the EU systein of proposal submissicns. The WRC operates under similar lings, and a waining
PROEFaNme on proposal submission {to the WRC} will be hosted at the WRC in Pretoria in
Fehruary 2007,

Comment (Pietersen): This workshop programme ke identifies water reseasch priotity. Wwe will
1ake this information, and use it 1o influgnce the EU, in terms of the research priorities that
have been identined at this, and other meetings in Africa. This will replace the trend, wherz EU

altempts to perceive, in their own perspectives, what the needs of African Research are.
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Comment {Kfir}: i1 is seen as an EU initiative, and there is money. It also an opportunity 1o generate

2 "who's who" in Altican water research, and even better that 2n African responsibility can be
funded from an EU source. This is primary information, needed lor any Further planning steps.
There was an attempt, some years ago, to generate a network of water researchers in Africa, centred
in Kenya. It failed. T am closely associated with I'WA. I'WA offers highly-reduced membersship
fees for developing countries. Yer, African presence in 1WA is minimal. Souh Africa has WISA
(Water Institute of Southern Alrica — extension to the SADEC area). WISAs purpose Is to get
professionals, scientists, practitioners and Bovernment together ai biannual meetings. Similar
activities also take place in Latin America. Africa has no similar struceure, Since the advent of
our democracy, South Africa has tried to build its connections with the rest of Africa, from which
it was previously isolated. We often meet researchers through UN and UNIP activiries, often in
foreign locations. | hope that through the Academy initiative, and MEPAD, that we address these
shortomings, The South African WRC {unds research; it does not conduct research, thus it sees
itself a5 an organisational bub in terms of water research. This gets people together. Cur successes
offer blueprints for others in Africa to build similar relatiomships.

Question: What is the relationship between your DST and ASSAf?
Reply (Geversy Wt is a “walking on eggs” issue, as a young acaderny, trying to promote

diiferentiation of function in the systems, so that each otganisation knows its role, and adheres
to it. Stated emphatically, even through a stawte in parliament, ASSAf is an independent
academy (independent of government), but that ic may receive and use government funds for
its purposes, as most of the other international academies do. This independence is stressed in
every report and document that it publishes. It is nevertheless a very cooperative academy, and
wishes to work with partners, including the government. We have been offered accommodation
in the new building for DST, and there was debate as to the wisdom of sharing a roof with a
department on which we were {(hnancially) dependent, and with whom we could well difier,
in future. We have been allowed 1o brand ourselves as the science institutions wing of the
building, and so far, it has been a great success, with rapid access to the people that we need
o see. We are also located close to the MRF (Mational Research Foundation} and the CSIR
{Council for Scientific and Indusrrial Research), and other relevant institutions. In broad LETES,
it is important that the government does not see ASSAf as a tocl, or enemy, or chstructor, or
it any other negative way, One must be independent. We have sought, in our first Teport,
to clearly identify the governmen: departments, the institutions in the country, including
higher educational institutions, where we find shortfalis, and what should be done. We have
highlighted problems with government policy, and made recommendations as to corrective
measures. Our second study, on human nutrition and immunity, in respect of HIV and TB
infections, again, we constantly expect to be at variance with government policy, but we wish
to be constructive, and will state what we believe what the evidence implies, and what the best
policies would therefore be. This is a sensitive point. We have to generate a credible track-recard
in an evolving system. The academy does not conduct its own research. It isan academy, which
in a professional manner, brings together the best expertise from the system, and investigates
evidence, and looks for the best solutions, where they are sought. Il esearch is needed, then we
would recommend that the research be done. Grant providers would then identify the people
for such research. We would not do this ourselves.

Question (Olago): 4 problem with setting up networks is the (possibly negative} perception, by

individuals, of what benefit there might be. What can be done to create and sustain interest
in organisatiens of this kind? Lack of information, lack of wools {including special, purpose-
designed and expensive software), lack of international visibility {publications); these resources
are simply unavailable te many, necessary in order to reach the passage to the international
arena. People resort to the line of Teast vesistance, and attend 10 more parochial issues, Useful
data never gets incorporated into central databases. There is failure of monitoring nerworks



SESSION 1: AN AFRICAN VIEW ON WATER RESEARCH

within the continent. Good projects yield valuable information, bt somehow this gets lost is
the system, and is not avaitable to others who could wrilise it. How can we improve this process
of information exchange amongst scientists? There is the free journal exchange system, on line,
but there is a lack of Internet access, besides bandwidih problems. Perhaps a network centre
could be a solution?

Reply (Gevers): In the USA, and in the biological sciences and in other science areas, they have
the so-called Gordon Conferenices, usually for two weeks, bringing together a group of intensely
interested scholars, dealing with various topics, networking on the latest developments in their
fields, getting to know one another. In developing a centre of excellence, it is imperative that one
provides facilities for guests, in an attractive and informal way, where they can work together
under the most comfortable “Cold Spring Harbour” type of environment. This is one example
of how thought that bas 10 be given to these matters. Then there is the problem of OPEN ACCESS
to information {including “e-research™), that there is thowght given to the maximisation of its
value. My concern is over Joose talk, rather than thinking it through, looking at the options,
and turning them into reality. University of Cape Town was involved in a programme, where
special laboratories were provided for short courses in special techniques, playing a catalytic
Tole. These matters have 1o be spelt out.

Comment (Pietersen): These issues have critical importance. WRC publishes “WaterSaA”, a
periodical that covers scientific topics for the water sector. These are initiatives, along with
all the other issues that have been raised, that have gone into a melting pot that has ¥et Lo
crystallise. -

Comment (Kfir): WaterSA is securely state-funded from within South Alrica, but also has an
impaci outside its boundaries. One asks how one can extend such a stzucture into the rest of
Afvica. Raising the question that has already been asked, *what is there in it for me?”, T helieve
that one cooperates with those you know. Personal comact is necessary, and a relationship is
necessary for collaboration. A problem lies with funding. The WRC is a funding agency, and
we can fund Sewth Alvican research. Money for the other Aftican partners has to be found,
before collaborative work can commence. The WRC induces different universities 10 work
together. We know them. If you need expertise in Monte Carlo methods, we tell you whom
in South Africa you should approach. It will work, if WRC funds the project from both sides,
atul providing the essential synergy to the proposal. South Africa is a member of the Global
Water Research Coalition, which | erm “the rich-people club™. USA, UK, Australia and cthers
are members. The only reason why they favour our membership is that we can contribute 1o
the game. We spend research money, and work together on common problems, such as alpal
toxins, to a mutual benefit. Visibiliy and profile are imporiant. We have good researchers in
Africa, and one questions why the profile is not there.

Comment {Dia): T attended a meeting at Alicante about water management, and during this
meering, they discussed ways of improving scientific collaboration between African countries.
Solutions are difficult. One option is to improve distance learning in management. We should
find ways of implementation of this kind of cooperation, under the umbrella of African
Acaderia.

Question (Tungaraza): | was first a government employee, meeting academics, who were trying
to help government. Academics were perceived as the habingers of incomprehensible and
impracticatl ideas. I then jeined academia, and have been there for five years. We bad a recent
meeting with gevernment officials ot environmental matters, and again, there was this rift. A
government official complained that the meeting was treated as a classroom by some {a mentor
pupil relatienship}, rather than & workshop. Academics can communicate with ease with one
another. How can we convince government that what we do is not just *an academic exercise”
{construed in a useless and derogatory context)? Tanzania has a great problem in translating

findings to practice, because of this communication gap.
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Comment {Karar): Welcome to the cluhb!
Comment (Cortesdo): There are many challenges related to that problem. This is where

academies can provide a link. LAP has discussed this issue, and has been successful at some
attempts and experiences. Some acadernies of science have been more successful, other less
50, in constructing bridges with policy makers. Knowledge is useless, unless it reaches and
contributes 1o the decisions and policy-making processes. One way 1o address the problem is
to invite participation from all parties throughout the process itself, all being represented ar

meetings, so that there is no sense of alienation on the part of anyone, at any time.

Kfir: We have no problem communication with our DST. They understand the role of science

and technology. Water is cross-cutting, and the WRC has to deal with others, such as the
Departraent of Agriculture, Provincial and Local Government, vis-a-vis water services, and
deal with the Bepartment of Water Affairs and Forestry. Their perspective of water research
is that it must make their life more comfortable in terms of policy development, and informed
decision. Sometimes we succeed, sometimes we fail. We developed a river health programme.
Now they own it, and they execute it, and are proud of it, even forgetting the origins of the
research, which is fine. Another programme was concerned with sewape treatment works that
were malfunctioning. Newspapers highlighted the conllict berween researchers and the service
providers. The consequent tension became a problem in itsell. Some academics, because of
their demeanour, are best isolated from goverament officials. Problems arise if government
tacks capacity w adopt the recommendations of research, ar if a researcher in wnsble 10
communicate histher message to @ government official in an understandable way, The WRC
approach is o first solicit opinion on funding of the research, then have interested parties from
all sides on a research steering comumittee. We do not operate in isolation. Even this way, there

are still problems.

Question {Mvundika}: We heard of allocations of 0.8% of GDP. Zambian allocarion is ahout

0.00%, and we hght for it to be raised. Politicians reply that they can only increase it to 0.2%.
Calls for collaboration are brilliant, but what can we do 1o address this matter?

Reply (Pietersen): One percent is considered the norm, in terms of peer review. How they push

these issues will be inderesting. It i a continental topic that is under discussion, but the time-

frames need 1o be resolved by each couniry, on its own.

Comment: Co-ownership it the processes, as has been discussed, has worked in our country,

with fruitful partnerships with the relevant government hody.
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Water Resource
Management in Senegal

Abdoulaye Bia, Director of Earth Sciences Institute fUCAD,
Member of the Mational Academy of Sciences and Technics of SENEGAL
E-mail: abdia@ucad.sn

I attended the IAP Meeting in January, held in Alicante, Spain. Action was called for water
management, and African academies need 1o respond thereto. 1 am pleased to be able to attend
this present workshop, for it addresses this brief,

Senegal is at the western-most part of the African continent, bounded by Mauritania (north),
Mah {east), Guinea (Conakry), Guinea Bissau {south) and the Atlantic Ccean (west), Bs area is
about197 000 km?® The main rivers 2re the Senegal, Gambia, Casamance, and Faleme. Climare
is tropical, with a dry season from June to November, which creates water supply problems.
Population is 12 million, with a growth rate of 2.9%. Dakar is the capital city, with a population
of about three million. The currency is the FCFA, curtently 1US$=555FCFA. Senegal is a member
of UEMOA (WAEMU), CEDEAO (ECOWA, UA (AU, NEPAD (Mew Partnership for African
Development) and CEN-SAD. The countries main reseurces are agriculture, marine products,
mineral products {phosphate, fertiliser, phosphoric acid, cement) and cultural preducts.

1 was General Director of Mining and Geology for six years, as well as being responsible for
water management, including water research. Our institute has a depanument of geology and
waler management. We have several FhDs serving this field. Senegal is generally poor in rainfall,
precipitation ranging from 200 to 800 mmsvear.

In today’s global economy, a country's economic success depends on how well it leverages
technology to manage its natvral resources. Senegal is poised to make significant strides in
econamic growth, through the sustainable development and management of georesaurces, like
water. As with the ather Sahelian countries, Senegal exploits its water resources significantly
through drilling wells, building dams and constructing other hydrautic infrastructuces. it's VETY
difficult for African countries to bear the entire cost of construction, aperation and maintenance of
these hydraulic infrastructures. While it is necessary to cabl for a more sustained commitment in
{avour of dams, there is also a need to consider other alternatives, these being water requirement
management and GIRE, rainwater collection techniques, and minor irrigation,

We have a constructed water catchment basins programme {small rural dams) for rural
fresh water supply. Small dams are regarded as a means for providing the water needs of small
communities. Waler retention dams, initiated in almost all Saharo-Sahelian countries, can have
capacities of a few thousand cubic meters, and can supply water for livestock, irrigation, domestic
use, as well as for fish farming. There are plans to replace large-scale irrigation with these small
dams. They harvest water, and thus improve the livelihood of the rural population. Any feasible
means of water conservation is valuable in the rural areas. Bural communities, collecting runofl,
sheet floods, ot slipstreams have followed various water-capturing initiatives. About 150 biltion
cubic meters per annum of rainfall water is lost 1o the sea, because it exceeds the existing water
exploitation capacity. Senegal has initiated a massive programme, entitfed “bassins des retenuion

€l des lacs artificiels”, w0 make water provisions for our arid zones.
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I address the nature of the water resources of Senegal, and the sirategy management thereof.
There are two sedimentary geological domains; the large so-called Senegalo-Mauritanian basins
that are mezo-Cenozoic, and another domain, to the south, being a pre-Cambian to Paleozoic
complex basement. Water reserves are estimated at 7 billion cubic meters, and cover 80% of the
territory. The meso-Cenozoic basins includle several superimposed aquilers. They are very shallow
at 0 to 20 m depth in Casamance (to the South) and 40 10 60 m depth between Kaolack and
Tamba {guaternary basins). Water is subsurface, berween Dakar et Thies (infrabasaltic sand) with
quaternary sands of Thiaroye, and Paleocene limestone of Sébikotane and Pout. There are deep
aquilers: berween 200 and 400 meters depth in the case of Maestrichean sands. 80% of water
originates from groundwater. The basement complex is composed of pre-Cambrian rocks, with
acid rock intrusions, within greenstone belts, and affords a highly mineralised aguifer of poor
quality and usability. Listing aquifers, we have the central Maestrichean, and in the western part,
the littoral aguifers. Here, we have the problem of sea water infiltration. We have the western
pre-Cambrian granites. This raises the issue of water replenishment rates of these aquifers in an
important hydrographical network. There are both local and transboundary rivers, such as the
Senegal River (its source is in Guinea), and the Gambia River, all needing 1o be part of an integrated
management system, There ate also many smaller streams, affording exploitation in the form of
constructed catchment basins. Furthermore, there is Lake Guiers. The city of Dakar currently
relies on nearby Littoral Movd aquilers (35 000 m®day} for its water supply. These aquifers have a
low replenishment rate, and have been exploited well beyond their suseainable yields. The growing
water demand calls for the mobilisation of additional surface water resources over long distances
{about 240 km) from the Senegal River and Lake Guiers system, with withdrawal rates of 0.5 m
second in year 2000, to an expected 6.0 m*second in year 2030. These needs fall within Senegal’s
water rights under the OMVS agreements (between Senegal, Mauritania, Mali), an accord that
is responsible for an integrated system for water management and environmental control of the
Senegal River basin. This is supported by JEFF funds.

We have a commitment to the millennium goals. There is the issue of increased water use in
ali sectors, while water availability remains unchanged. Senegal is committed to am increase in
provision of water and sanitation, but we lack the necessary decision-making framework for this.
Senegal set up an appropriate Framework for Water Resources Administration in 1393, 10 deal with
the utilisation of waker resources for sustainable groweh. There have been major sector veforms,
with strengthening of an institutional and legal framewoark, to ensure efficient implementation of
urban and rural water supply.

Major aims of instiuwtional reforms have been 1o ensure the autonomy of management, and a
rational organisation of the sector. Objectives have been to encourage the development of human
resoutces, to foster improvement in commercial management and cost effectiveness; to Improve
cost Tecovery and reach a financial equilibrium of urban water supply in the medium-term; and
establish a new tariff policy. Rural people are poor, and tariff policies should not constrain their
access 1o clean water.

Management divides its responsibilities berween rural and urban areas. There are two
ministries, these being the Ministry of Agriculture, Rural Hydraulic and Food Security (including
Agriculture), and the Ministry of Hygiene, Urban Hydraulic, and Sanitation. There are the various
technical departments and agencies under these structures, such as SONES {Senegalese Mational
for Water) and ONAS (Senegalese National Agency for Sanitation). There is the SDE (Senegalese
Development of Water}, responsible for transfer and supply to users. There are the many technical
departments, as well as the university, which is alse involved in management, Thete is also the
Ministry of Environment, and the Ministry of infrastructure, also involved in water management
of Senegal.

The responsibilities of the Ministry of Agriculture, Rural Hydraulic and Foed Security
(MARHFS), with its departments, through the Resources Planning and Management Depariment
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Water Management in Cameroon

Mathias Fru Fonteh, PhB-r', Associate Professor and Head, Department of Agricultural Engineering,

University of Dschang, Camercon, Assaciate Fellow, Camercon Academy of Science
E-mail; matfonteh@yahoo.com

This address covers water resources in Cameroon, and provides an averview of the challenpges as
regards current waler management.

We have a tot of water and a lot of variabiliy, from 10 m rainfallfvear in the South to about
500 men/year in the north of the country. Based on the year 2000 population, we have an average
water availability of about 18 000 m*/capitafyear. OF this, only abow 0.4% is actually withdrawn.
“We are part of the major river basins such as the Niger, Congo and Chad basins. If the populaticn
continues Lo increase at the cuerent rate, we would expect a national average water availahility of
2 000 mifeapitasyear in year 2025. In year 2050, it would be about 4 Q00 m*/capitafyear, with two
provinces thar will experience water scarcity. There is seasonal variability, as well as geographic
variabiliey, Our adversity is more often a matter of too much water.

Regarding water qualily, most of the surface and shallow ground water near urban areas is
polinted. Domestic wasies {all forms) from surrounding dwellings end up in water bodies in
huilt up areas. In addition, agricutrural run off from the adjoining lands adds sedimertation and
agrochemical {pesticide) poliution. The population that is unserved with pipe-borme water tnust
rely on springs for relatively cleaner wates. Although good in clarity and colour, these springs
cam be heavily contaminated by microorganisms, including pathogens. Challenges related to water
management are meeting basic needs, securing food supply, proecting ecosysiems, provision of
water for energy and industries, and for navigation.

Inadequate supply of water affects basic needs, health, food security and essential livelihoods
of the population. lmproved access 1o walet cafn he a major coutribution towards poverty
allewiation. This is because hall of the population is without access to adequate, safe water
supply, and a quarter of the population is without access 13 adequate saniratiom. Warer-related
diseases account for 63% of all recorded illness, and 52% of deaths. About 15% of children died
in the year 2000 before the age of five, mainly due 10 water-related diseases. This i5 an increase
from the level in 1991 of 12.6%. The health siation of children has therefore deteriorated
during the last decade, instead of improving. The period 2000 to 2006 already indicates that
Camergon is serionsly off track 1o meet the target of the African Water ¥ision, which has as aim
ta Teduce the percentage population without access Lo water services, by 93%, by year 20435
“Water costs are relatively high, and the lowest rate for a private consumption is 0.52 Ussim?,
There is a high connection charge, with a minimum of about 276 USS. Public water vendors
charge 1FCFA/litre, which amounts 1o about 2 USsm?. This is 269% higher than the price
paid by those with private connections. Hence, the poorest urban dwellers pay even more, in
a country where about one third of the population is below the poverty line. Water supplied
by the Mational Water Corporaiion water is very expensive. The lowest rate, which is abowm the
came cost as in Canada, is 158 % higher than in Chad fat 103 Ivm*),

Agriculture is the backbone of the economy, and accounts directly for a third of the GO,

employing about 60 % of the work [orce. Food production has kept pace with the Increasing
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population over the last decade, and there is enough food in the country, with surpluses for
exports. However, about 25% of the total population is undernourished: that is, they do not
consume sufficient calories. There are regional variations, with the situation being worse off in the
northern parts of the country.

Itis estimated that there are 240 000 ha of irrigab'e land in Cameroon. However, only abour 39
000 ha (16 % of the potential) is currently under irrigation. To attain the Millennium Development
Goal ol halving the proportion of population who suffer from hunger by the year 2015, the African
Water Vision calls for an increase in irrigated atez by 50% by this date and by L00% by the
year 2025. Small-seale irrigation is the preferred option, because it has been shown ko be more
effective. We must also consider pastoral water supply, especially in northern Cameroon, which is
a major livestock producing area. The rainfall is lower than in the south of the country, though the
amount could be considered adequate. The major problem is that of poor temporal distribution,
where about 50% of annual rainfall falls within two months of the year. There is therefore a need
for conservation, and low cost storage of warer rescurces, as poverty is more pronounced in this
pan of the country.

As regards fisheries, and the issue of lood security, Cameroon has about 360 km of coastline,
and the inland water bodies are estimated w0 cover 4 million ha, Fish productivn however has
been stagnant, providing only 60% of local demand, while imports are estimated to cost about 30
million US$, annually. The challenge is to increase production to meet local demand, as welf as
provide opportunities lor export,

There are three main causes of ecosystem degradation. One is climatic, through recemt
decreasing and irregular rainfall, feading te droughts. Another is pollution, much from domestic
sources {waste-solids and liquids). Most central sewage treatment plants have broken down, and
water-courses are used to dump trash. Further, there is pollution from agricultural and industrial
sources that have had little or no treatment, as well as improper use of pesticides in the Practice
ol "poison fishing”. Man-made interventions have also impacted on ecosystems negatively. An
example is a 28 km dyke, constructed in the Maga in north Cameroon, to reduce focding in
the Bene plain and create conditions for growing rice. The impact of this intervention has been
disastrous, adversely affecting the poorest section of the population. The consequential direct
economic loss therefrom has been estimated at 2.5 million USStyear.

Water is an essentfal requirement for many industries. Inadequate water supply leads to
industries opting for independent water supplies. Such systems are mainly {rom groundwater,
frequently with over-pumping, with consequent marine water intrusion to the aquifer in coastal
areas. There is enormous hydroclectric potential. However, only about 2% of this potential has
been developed, and onty 41% of the population has access to electricity. Hydropower accounts
for 8% of the electricity consumed, while thermal sources provides about 20%. The national plan
is 10 increase hydropower production to meet 90% of eleciricity demand. Insufficient ENErgy is
currently preduced (dam capacity reduction due to silting) and power tationing in recent times
has occurred in the dry season. This has lead to the construction of thermal generating plants.

Water transport is very important in some areas, especially the north of the coumsy. Flow
reduction in the dry season, silting, and invasion by aquatic weeds has been reducing the periods
of navigability, with time.

Poor waler resource management in Cameroon poses a severs constraint to sustajnable
development. This is because significant sections of the population suffer debilitating disease and
economic hardship, mainly due to poor management, rather than actual water shortage. Despite
the great importance of water, the government has not yet recognised this as a critical element of
poverty reduction. Consequently, water has not been put at the centre of socio-economic policies.

Water management in Cameroon today follows the conventional sectoral approach, with
responsibilities in the hands of many dilferent ministries. The 1998 Water law exists, with

many articles for sustainable management, but the laws not enforced (insufficient political
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will, inadequate resources etc). There is poor coordination of water resources development and
management. The National Water Commission, previewed in the water law to coordinate the
sectar, has never got off the drawing board.

Critical water management problems include inadequate legal and institwtional frameworks for
the protection and regulation of water resources, inadequate data for informed decision-making
(very few functioning water monitoring stations, and lintle information on water use), dwindling
flow of rivers and shrinking water bodies (Lake Chad), insufficient political will {non enforcement
of existing laws, poorly funded sector, and dependence on external funding etc}.

There is an insufficient number of motivated and skilled water professionals who can deal
effectively with the complex issues of water scarcity, climate variability and joint management of
international waters. In addition, there is inefficiency and wastage in the use of available water {a
40 % leakage 10ss in urban water supplies; and inefficient irrigation systemns). Degradation of water
resources occurs through pollution, and deforesiation is reducing the available water supply.

The Government is becoming more aware that current poer water resources management in
Caimeroon is a severe consiraint o poverty alleviation, and to sustainable development. There are
plans under way to improve water management by adopting and implementing integrated water
resources management (IWRM) principles, with the assistance of the Global Water Partnership.

To conclude, Cameroon cugrently has abundant available water resources, estimated to be
18 000 wm? per capita per year, and the country is projected to have sulficient water, well into
the loreseeable furure. Mevertheless, water tesource management is still a severe constraint w
sustainable development, mainly due 1o poor management, rather than actual water shoriage.
Despite the important role of water in poverty-alleviation and socio-economic development, the
government has not yet placed water at the centre of its development policy. Many problems
exist in the management of water, but the fundamental one is the lack or insufficient polirical
willfvision to create an enabling environment for sustainable water resources management to
be implemented. The development and implementation of an IWRM plan will go a long way 1

improving waler management in Camergon.

DISCUSSION

Comment {Karar): It is clear that the concept of water resource management can mean different
things to different people, and same form of commen understanding is still needed.

Comment (Kfity, It would appear to centre on the issue of water quality, which is turn, impacts on
the health of the population.
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Water Resources
Management in Uganda

Albert Rugumayo, National Focal Point Officer, Uganda National Academy of Sciences, AP Programme:
E-mail: rugumayo@energy.go.ug

We have a lot of water, but predictions show that if we do not manage it propetly by year 2043, we
will become identified with the water-siressed navons. Cur population is 26 million, growing at
3%Ayrear, ang of the fastest growing populations, and mdeed, this is a challenge.

We have tecently created a Ministry of Water and Euvironment. Ten years ago there was a
Ministry of Matural Resources, which included energy, minerals and water. It then became the
Ministry of Water, Land and Environment. So, water is further prioritised at a national level, with
an imtegrated sector approach, with good budgetary suppert from the denors. The Water Resousces
Management Department falls under Water Development, headed by the Ministry of “Water. There

are three divisions, water quality, water regulation, and waler resources.

Intemational
i lssues -

30

There ate different programmes being implemented within the structure. One is support of waer

resources management, and another is the Lake Victoria Envitonmental Management Project. 'We
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share this lake with Kenya and Tanzania. We also have the Nile Basin Initiative, supported by the

Warld Bank. The ten Mile Basin countries never used Lo interact, even at discussion level. This

initiative has started dialogues, and probleims ate now being solved.

We have floods. One programme is to mitigate the floods in the central Lake Kyoga. This is
along with the Lake Victeria Development Programme.

We alse have a monitoring programme. There are three caegories of monitoring; surface
water monitaring, ground water manitoring and water quakity. There is a programme © upgrade
TMONNOTINgG stalions.

There are eight major drainage basins in Uganda, Lake Victoria perhaps being the best known.
We are moving toward the caichment management approach, with regional/carchment water
officers. The monitoring shows a fall in the levels of Lake Victoria with time. There is a network
of fifteen groundwater-manitoring wells, with a limited coverage of about 20%. Problems include
the scatcity of data. Some existing wells, used as menitoring stavions, lack comprehensive drilling
and construction data. There is also insecurity in northern and north-eastern Uganda, hindering
groundwater network operations at these locations. Since most wells are located in the basement
aquifers, that tend w be highly heterogeneous, and of limited tateral extent, the isolated narure
of these aguifers requires mere baseline monitoring boreholes, to ensure that the newtwork is
representative of the full range of Uganda’s hydrogeclogical conditions. There is also a lack of
purposely-designed monitoring boreheles, to provide good and reliable data,

As regards to water quality monitoring, the key water quality issues encountered during the
reporting period include suspended sediment pollution, erganic makter pollution, pathogenic
contamination, high heavy metal content (iron) and eutrophication. These issues were feund
predominant in certain soutce types, while insignificant others. Chemical parameters for most
rivers are good. We have assessed E. Coli content of our rivers, and it is acceptably low, over time.

We shall now deal with the issues in the water sector. 4 consultant, using the Water Resources
lssues Assessment Method CWRIAMY, carried out an assessment of water resources issues. The
WERIAM wmethod was developed as a part of a project concerning Integrated Warer Resource
Management in Burkina Faso. Tt is based on a standard definition of the important assessment
criteria, as well as the means by which semi-quantitative values for each of these criteria can bhe
assigned, with the aim of giving a precise aud independent scare for each issue. The WERIAM
method operates with four types of issues:

W Impacts on the resource: These accur when human activities diminish the guantity of the
resonrce significantly, or degrade the water quality, im relation to the different requirements
stated by the users.

B Demands or availability of the resotrce: these are essential problems, when the availability or the
quality of the resource does not correspend te the needs of the users.

B Mobilisation of the resoutce: Problems (issues) related to making the resource available to the
users. Examples are security restrictions, possibilities of establishing productive borehotes,
capturefeollecting techmaology, and the total requirement, in relation te the mobilisable
TESOUECE.

M Risks and harrful effects of the resource, and soctal and economic impacts on the users: This includes
the negative effects imposed on the human community because of the presence of water,
such as Boods (loss of life, damage to infrastructure, loss of crops), water-borne diseases and
epidernics, gender issues, accidents (e g. drowning} in reservoirs and impoundments, and the
economic problems related thereto e.g. purchase of water.

Ranking rates water quantity as the first issue, quality is the second. Another significant issue

is seasonal variation. Mational ranking dilfered very little from the basin rankings. It shows the

cause and elfect relationships of erosion and water quality, impact on supply, suspended solids,
euttophication, and diminished availability. These are key issues. Manzgement issues are also

idemifed, bt do nat rank so high. Steps are being taken to address these mateers.
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The International Atomic IAEA is supporting the Nile Basin countries in addressing some of the
water issues in the basin, through the application of isotope methods in management of Nile Basin
waler Tesources. Phase L (year 2003 10 2004} initially involved Kenya, Tanzania and Uganda, and
was aimed at improving the water balance of Lake Victoria, through a better assessment of evapo-
transpiration, precipitation and groundwater contribution. Phase 11 of the project will invelve alt
the other Nile basin countries, and will be completed in December 2006. The technology has
proved very useful, as it has helped in a better understanding of the dynamics of groundwater
resources in Uganda, and has, in some cases, been able w provide information that cannot be
obtained by other techniques. The technique is fast, cost-effective, and if emploved with other
methods, will go along way in improving the management of the country's water resources.

The water level of Lake Victoria has dropped drastically. One cause is drought, another is
the demand for hydropower. Nalubaale permits have expired, and the Directorate will use this
opporiunity to alter the water abstraction permit to Eskom {electricity supply wiility) limited,
apply corrective measures. Available hydropower has consequemtly decreased, and power load-
shedding measures have to be taken. i is apparent that the operating rule, based on the Agreed
Curve of 1954, is not easily tenable. The Directorate wiil formulate new tules, as a matter of
urgency, so that they be sold to stakeholders downstream and upsiream of Jinja.

Apart rom the hydropower potential of the Nile, being harnessed by Uganda, Lake Victoria
and River Nile controls the regime of other water bodies in Uganda, notably Kyoga, e an extent of
92%. The Directorate is developing a plan w introduce bulk water transfer, Maintenance of high
water levels in Lake Victoria is considered as a priovity interest, which mast be vigorously pursued
by ehe Direciorate, '

Hippos at Queen Elizabeth Natiomal Park started dying at an alarming rate, due to an
untidentified cause, cowards the end of the dry season in late July 2004. The areas, where such
deaths were registered, include Katako on the northemn shores of Lake Edward, River Kyambura,
Kashaka, and of late, the Kazinga Channel (Press release 'WA July 2004). According to the press
release, hippos are known 1o have died in a similar manner at least 5 times in the last 70 years in
cycles of 10 — 20 years, but not at such an alarming raee. Causes of death in the previous events
have not been identified. Hippo pepulations has decreased from about 11000, prior o year 1970,
10 3400 in year 2000, representing 69% decrease in 20 years. Unlikely possibilities are rinderpest
and anthrax, but heavy metals, and other soil-borne chemicals or pathegens, possibly from
leachate, likely 10 contain copper or cobalt, arising from neighbouring mining, are suspect,

There are conflicts {agricultural, over other needs) regarding water resource use in the Manafwa
Carchment, demonstrating the need for effective management that is accepted by all stakeholders,
and in which they have had full participation throughout the decision-making processes, leading
te COMSENSUS,

Then there is the problem of looding. Egype has been of assistance in removal of downstream
biockages thas have caused this problem on the River Nile, especially in the Lake Kiroga Basin.

Groundwaler mapping has been constrained by limited resources. Mapping has been
undertaken by the government, but because of the work-load, the private sector has been engaged,
but is alse constrained by funding,

The water sector is perhaps ane of the most vibrant in Uganda, in that it is a Teader in many of the
reforms and trends currently in progress. We have many consultants, looking for ways 1o do things
in a better manmer. We are moving from diswrict management wowards caichment management.

Tnterventions wilk be the creation of a proper enabling environment, developing a decentralised
framework for integrated water resource management, water resoutces planning and allocation,
presided over by a water policy committee. These, along with the legal framework, are al! part of
the reforms that we wish to pursue.

DWD have a strategic investment plan, which will be an outcome of a study that will calegorise

and pricritise the best ways forward. One outcome of the recoramendations is that the Water
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Resources Management Depariment should become a Directorate, to emphasise the importance of
waleT mManagement.

We have done a lot on netwerk monitoring. We are now re-examining the reasomns for
meonitoring, in that it should not only be data collection, but with a water issue in mind, when
doing so. It is thus a change to issue-based monitoring. We constantly review methods of data
processing, storage and retrieval, with significant improvements. Research is a contributor to
better ways of managing the sector,

Forty percent of our funding comes from our development partners, We constantly look for
more support, We have an ACP-EU facility to which we have submitted proposals. Fifteen have
been approved, providing more money. There is JICA, in which the Japanese have provided
generaus support with drilling boreholes. There is the TIGER initiative from the Furopean Space
Apency, arising from the Johannesburg Summit {2002, and involves remote-sensing of data.

The water sector is vibrant and we are open and willing to learn new ideas.

DISCUSSION

Question (Karrar): Your ministry had originally water, land and environment, and then you took
out Jand. What were the reasons for reversing a trend in integrated management?

Rugumayo: We have a ministry of housing, land, and urban development, and a ministry of water
and environment. 1 think that it was a bit political. Water wanted 1o have a higher profile. Our
minister is head of AMCOW, and needed the status.
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Water-Related Environmental

Problems in Agriculture in
the Lake Victoria Basin

Caniel Olago, Department of Geology, University of Nairobi, Kenya
E-mail: olagodani@yahoo.co.uk

I will deal with our problems through a case study. 1 will first give a background on the
institutional changes that have taken place in our water secior. Everything was haphazard priar 1o
2002, Water issues cut across abont 27 different acts, none of which was adequately coordinated.
Industry, and most others, had carte blanche to do as they pleased, with environmental pollution,
and no implementarion of standards and regulations. The act is now consolidated. We promulgated
the environmental management and coordination act in 1999, which forced compliance, through
menitoring by water qualily analyses. New institutions are currenthy being farmed. We have the
walel resources management authority, dealing with water quantity and qualiry, and we have the
various services boards, dealing with the supply of water, and maintenance of its quality. We have
the water services trust fund, which deals with apportionment of meney to various prajects and
programumes. Institutional structure is all on a carchment zone basis.

The case study deals only with the Kenyan side of the Lake Victoria. There are several rivers
and streams from Tanzania and Uganda that drain into the lake. The problems in these locations
are the same as elsewhere, in the Rift Valley systems, the river systems, right up o the coastal
zone. The tabulated informarion shown, specificatly the average sediment transport capacity index,
indicates that the basins on the Kenyan side are importing massive guantities of sediment into Lake
Victoria. We note the increase in sediment, population density trends, and how these link with
certain land uses, from the 1800 to the present. There was little change untl abour 1930, when
agricultural activities started to proliferate within the Lake Victoria Basin. With this has been the
large increase of sediment entering the lake. The agriculture has not been following any integrated
managernent systetn, concenirating en only maximising is activity. River abstraction has modified
flow into the lakes. There have been conflicts west of Wairobi, arising from insufficient water being
available to meet essential needs. As for industrial water pollutants, we still need o identify and
quantify them. Water management programmes anly lock at simple chemical and bacteriological
parameiers. Herbicides and pesticides, tannery and brewery effluents, all end up in the water
system, and a proper assessment of the problem has still 1o be made. Micrabiological problems
and cutrophication are commen to the lakes and water systems, compounded by the proliferarion
of mining activities. Suspended selids remain an ongoing problem, modifying aquatic ecosystemns,
with an accurmulative impact.

We have a lot of degradation of loodplains and wetlands, impairing their function. The goods
and services that they are able to provide are consequently degraded. We have a high irrigation
petenttal. Half of this les within the Lake Vicoria Basin, and is still largely unexploited, Lake
Victeria water provides fresh water for demestic, agricultural, livestock and industrial use. Raw
sewage enters the lake in large amounts, affecting the COD and BOD of the Lake, and adding to
microbiological pollution. Toxic merals end up n the faod-chain, including fsh, and althaugh

not vet at human health-hazardous levels, may s00n become serious. Stormrwater tun-off carries
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animal, plamt and human waste to the rivers and lakes. Growing numbers of domestic animats,
poet husbandry, and poor land management abets further pelhwion of waler resources.

How can we mianage these surface waters? We have high (natorally occurring) flucride levels
in our water. We adopt the WHO water quality standards. If one accepts the 1 ppm (ucride
maximum limit, then all of Kenya's water is non-compliant with potable standards. We need water
treatment systems that target specific chemical problems of this nature, and perhaps formulace
specific standards for local application, to compromise ideality with practicalicy. Butrophication
is a major problem within the Lake Victoria area. There is debate as to the origins of the nuttiznt
load; is it via armospheric routes ot influent water flow? The surveys of these problems will involve
mwelve neighbouring countries, and should commence in 2007,

We witness serious ecosystem modifications, one being in the Nyando River Basin, being about
3000 km? in atea. 46% has undergone severe soil erosion, and has lost all useable value. Forests
and shrubs are replaced by bare soil, in areas with an annual rainfall of 1800 rmm, or mare.

We need an integrated approach to these problems. We have a joine project covering the
three countries, Kenya, Uganda, and Tanzania. The success of this, im the view of many, is
that it has been very low. There are dilficulties in coordinaung the aceivities of the participant
countries, and geuing them to work in an integrated manner, What has indeed brought impetus,
was when collection and collation of information was ¢usourced. There was a limnological
investigation. Now we ate able to locate the problem hot-spets, and identify and rarget appropriate
interventions.

Farming pracvices and land management stilt have an unrelared status as regards water.
lirigation Temains an unused potential, people depending on rain-fed agriculture. Plans for
extensive irrigation are being made. Agriculural practices ignore the need to contain pollutants.
Trade issues drive people to make use of water resources bevond sustainable lmits. The external
matket demand for Nile Perch has grown 1o the degree that Lake Victoria cannot even provide
local inhabitants with fish 10 eat. We need to draw the agricufiural and industrial sectors into the

framework, a5 they are the greatest contributers to water pollution problems.

DISCUSSICN

Question {Gevers): These are alarming developments. Is the Government aware of this, and the
incredible importance of success in this venture?

Reply: Yes, and no. Our government is bent on water supply, ignoring water guality issues. We
have very little artention paid to ground water resources, how much is there, and where? There
is the simple and general asswmption thar there is more water than is needed. But surveys
of water quality indicate, with livle doubr, that they will not meer the target of increased
availability, from 54 w 9%, by year 2005
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Water Resource Management
in Tanzania: Policy and Trans-
boundary Management Problems

Clavery Tungaraza, Faculty of science, Sokoine University of Agriculture, Tanzania
£-mail: tungaraza@suanet.ac.tz

The wans-boundary management problems arise [tom our geographic location. As we can see
from the previous speaker’s presentation, our water management is placed in different ministries,
from one nation to another. In my country, and in my time, it has been shifted three times. It was
with minerals, then with livestock, and now it is an independent minisiry.

{ show the map of Tanzania, with the twenty administeative regions. Each had a regicnal water
engineer, a regional water manager, the borders being based on what were political administration
demarcations. Management problems arose through these divisions having no relation to water
regions, catchments, river courses, etc. Water provision was initially the aim, especially for
domestic use and agriculture. Domestic use was primarily in urban areas, and agriculture in the
rural areas. After independence, in 1971, the government recognised water as an imporeant rural
business, and then initiated a twenty-year plan, that was directed at the rural areas, perceived to
be where the most pressing problems lay. Although funded by donors, this exercise failed. The
major reason for the failure was that ghe Rist twenty years of implemenration did not invelve the
benehciaries, hence it was not participatory. Local people had never been consulted as 1o their
needs. The Water Act was amended, and embodied the concept of catchment/basin managenient.
The country was re-demarcated into nine river basins, using geographical criteria and naturat
barriers. Terrain is extremely varied in a country of over 900 000 km? in area. Water does not
move naturally from one of these basins to another, due 10 natural barriers. The Ministry of Water
now has a different organisational structure, lor better management. A water basin officer heads
each basin.

Politically, there is a different route for reponing government issues. The water basin
administration is represented at different fevels. There is the Water Resources Division at the
national level. Below, are the basin water boards, then the carchment water committees, districts
being a subsection within the political administration. Then there ate the water user associations
(WUAs). These are put together for each basin, or sub-basin.

The responsibilities of the basin water officers are b monitor water availability, regulation of its
use (with user collaboration}, allocations and cost management, and lastly, pollution control and
education.

Major users of water are identified as domestic, animalstwildlife/fisheries, agriculture, and
hydroelectric power (HEP). When government talks generally on water issues, it prioritises values
as firstly domestic, then HEP/agriculture, and then animalfwildlife (Serengetti, where any lack of
water is perceived, wisely or otherwise, to be a part of the natural selection process, for survival).
Politically, access to clean tap water by people is important, hence its priority.

Tanzania has an adequate fresh water availability that ameounts o 2 300 m¥/capita/year, based
on year 2002 estimates. By 2025, the availability is projected 1o be 1,500 m¥capitasyear. This
decrease is attributable to climate change and rising demand through population growth. United
Mationis values indicate that 1 700 m¥capitaryear constitute a water stressed situation, and 1 000
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m'/capita/year as a water scarcity. This implies that Tanzania is predicted 10 face a water scarce
situation by year 2025,

Over 70% of the national electricity is from hydropower. 37 MW coines feom the Pangani Basin
{~177 000 km?), and 465 MW from the Rufiji Basin (~42 000 km?). The total current develaped
potential, couniry-wide, is at about 560 MW. Although the national hydropower potential has
been estimated at about 4500 MW, the current developed situation indicates lack of satisfactory
water supply. Ireigation for agricultuzal activities competes with hydropower for the same water
supply. However, the location of agricultural activities {a consumpiive user of water) upstream
from hydro-generating mstallations {non-consumptive water users) creates problems. Uganda
walks of diminished hydropower output, due o water scarcity, and competition for its nse. Natural
distribution contributes 1o the problems (water is not always where you need i), Then, there are
the problems with financial resources. We also have gradual deterioration in water quality, and
watershed mismanagement, because the objectives of water authorities concentrate more on water
quartity, rather than quality,

Major water sources ate lakes (Vicioria, Tanganyika, Nyassa, Rukwa, Nawron, Evasi, Manyara),
and tivers {Kagera, Mara, Pangani, Buvuma, Buve, Bufiji, Songwe). Groundwarer is not extensive,
and is generally disregarded in areas with abundant surface water, but it is important in the arid
areas, where they are well prospected.

We have problems with water abstraction. Agriculture is regarded as conswmptive abstzaction,
as it does not retutn water to the reserves, after wsing it (lost by evaporation and soak-away).
Irrigated land is estimated as 224 B65 ha. Of this, 76% are traditional smallkolder irrigation
schemes, which account for 30% of the water abstraction. Water use efficiency is given as 10 to
20%, due to a lack of skills in effective water use, but these numbers are under contention, and
could be taised, as some schemes operate in tandem, the run-off of one scheme being the inflow of
another. There ic a projection of 405 000 ha of irrigation by year 2007, This is a massive target, in
terms of water abstraction, and one asks what will the consequences might be?

There are problems in rerms of water-quality parameters. These include colour and turbidity,
high salinity {sea-infiltrared costal aquifers — we have a long coast-line), 2 naturally occurring
iluaride content (up 1o 32 ppm; national acceptable limit is 4 ppem; this impacts on beth agriculture,
through contaminated crops, as well as through water potability), mutrient loads that create algal
bloom problems in the larger water bodies, and other chemicals, some arising from mining,
industries and agriculture. There is also the problern of microbial (pathogen) contamination of
WaEET.

‘Water mismanagement problems include improper (or non-existent) handling of industrial
and municipal wastewater {on average, only 10% of urban dwellers are connected to managed
seweT treatment systems} over abstraction/inelficient abstraction by consumptive users, and poor
agricultural jrrigation practices (traditional methods) in the basins. There is also the problem of
exotic aquatic plant species invasion (e.g. water hyacinth in Lake ¥ictoria — not seen there before
19830,

Managemem approaches now include a Rapid Water Resources Assessment (EWRAY, This was
started in 1994, focused on surface water resources, groundwater resources, information systerns,
irzigation, water quality and polludon, wertlands/caasial zone, fisheries, forestry, public health,
and water law and mstitutions. Documented achievenents have been the recommended prierity
interventions in four of the most stressed river basins, Pangani, Rufiji, Lake Victoria and Wami-
Ruve, Government later added the Internal (Central) Drainage Basin, 1 speculate, because of the
pelitical capital that was at stake.

A Mavonal Water Policy (MAWAPO) was adopted in 2002 and a new Water Act drafied, with
new institutional structures that have been formulated at national, basin, catchment and local
levels. There has been decentralisation of water supply management, decentralisation of muli-

sectoral water resources management, and strengthening of river basin management,
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The majer ait 15 to have integrated warer management, that embraces water sanitation and
supply, irrigation and drainage. energy generation, environmental issues, and industrial and other
uses.

Policy synapses include decentralisation of decision-making, this being in the hands of the
basin administration. Resource management and regulatory functions have been separated {they
unfortunately remain in the same ministry, and the “separation” may thus only be in words, and
nol in action), and the multi-sector has been integrated (again, there are also problems, especially
with cawchment forestry, having conflicting interests, including commercial issues, with water
catchment management, as a whole),

Waler resources utilisation should be maintained within susiainable limits. There shoutd
be comrol, to preserve safe yields of surface and groundwater, and assimilative capacities for
discharge of poliutams. Water pricing shovld consider the scarcity value, and must include the
issue of cost-sharing. The income from water-use levies and pellution discharge licences should be
retained within the basins, and used o support the cests of managing the basin water resources.

Major problems with watershed mismanagement and water quality are linked to location. Six of
the nine water basins are trans-boundary. These water resources require trans-boundary solutions,
with internationally shared responsibilities. Lakes Victoria and Tanganyika are examples.

Then, there are the aforemnentioned problems with over-abswraction. Examples are increased
irrigation in Rufiji basin. This was estimated at 100 ba in 1930, and 40 000 ha in 1299, for rice
farming. This has created a water scarcity for hydro-elecitic power, and consequently, drastic
power rationing in 1994, 2000 and 2006, As already said, the problem is worst when power
generation is located downstreaim from agriculoural activity,

The situation may be sumemarised as lollows:

The two major users are agriculture and hydropower. Usage problems have been identifed,
and a policy has been drafted. Administration issues and hierarchy have been identified, and
stakeholder's involvement has been considered. Conflicts of inerest, hawever, still remain.

Major causes of management problems include divergent interests, such as with the agriculture
sector, domestic water suppliers and hydropower; coaflicting resource values jn the water, such
as with the Nile perch fishery industry in Lake Victoria; the need for involvernent of different

management sectors, such as the SADC Protecol (regional water policy)

Faa

a protocol for sustainable
Lake Victoria Development, management of Lake iyasa, and MELSAP (Nile Equatorial Lakes
Subsidiary Acrion Program}.

BISCUSSION

CQuestion: The Pangani basin and hydroelectric power genevarion — I understand that since
commissioning, it has never been able to cperate at full capacity?

Reply: Again, | believe this to be a transboundary problem, as this is partly influenced by water
sources from Kenya. It is often difficult 10 access the reality of situations, and one then relies
an hearsay. Sotne blame the problem on wrong rechnology. Upstream interests in agriculture
and fisheries have also been alleged 1o have impacted on water supply, and water guality.

Compounded by political issues, it is often difficult te get the real picture.



Water Resources in Zambia

Alick B Muwvundika, WRRLU, NISIR, Zambia
E-mail: muvun@yahoo.com

Zambia is a landlocked country, between latitudes 8 and 18 degrees south, and longivndes 22 and
34 degrees east. [t shares its boundary with eight countries, and covers a total land area of about
753, 000 km?. In terms of demography, total population is abowt k0 757 000, of which 63% is
rural, 35% is urban, about half of which are peri-urban.

75% of Zambia's populadion is engaged in agriculture. Mining is a major industry, Government
is now promoting diversification, with respect 10 agriculture and tourism.

Zambia, with annual surface run-off of 135mmufyear, has abundane water resources. The
country is drained by two main river systemns. The first is the Zambezi and its Kafue and Luangwa
tributaries, atl flowing Lo the [ndian Ocean. The second is the Chambeshi/Tuapula River System,
which joins the grea Congo River, flowing 1o Atlantic Ocean.

The current state of our water resources is as follows. There is a otal availability of 144 Q00
Ymfrear (Mm? = millions of cubic metres}. Of this, 57 300 Mm¥year 15 ground water, and 36
500 Mmfyear is surface water in stzeams, rivers, lakes, dams, reservoins, inchuding swamps and
wetlands. Average rainfall in 1138 mm/fvear.

The country has 2 number of takes and wetlands, which regulate the natural Hews of rivers,
IMotable weilands are the Baratse, Kalue and Bangweuln Plains. Lakes include Mweruw, Tanganyika,
Bangweulu and Kariba.

Water uses are agricultaral {irrigation, livestock, fish-farming), domestic, mining and industry,
water transport, and hvdropower, last-named needing large volumes of warer.

The current national water demand for domestic, jrrigation, livestock and industrial uses
could be satisfied, leaving a large balance for sustaining environmental and other future needs.
NMevertheless, seasonal and spatial variations of water across the country have resulied in deficits
in some greas, especially in southern Zambia. Competition lot water will increase, and may lead to
conflicts in water use, as the country continues o develop economically.

Responsibility of water resources management and development is vested in the Department
of Water Alfairs (DWA). The Water Board of Zambia (WB) regulates water resources allocation
through adminisiration of the Water Act of 1942, Both the TWA and WB are located in the
Ministry of Energy and Water Development {MEWLD].

Thete is the National Warter Supply and Sanitation Councii (NWASCO), which regalate the
provision of water supply and sanitation services by utility companies. There is the Environmental
Council of Zambia (FCZ), a lead organ for all environmental issues, including any water-related
issues. The Forestry Drepartment protects river banks against indiscriminate cutting of trees and
cultivation, ta preserve the riverine environment. The Mines Safety Deparement is respousible for
coutrol of mine aperations, (o militate against environmental degradation, and to protect waker

resonrces againse pollution from mining activities.
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There is the Energy Regulation Board that controls transportation and storage of petroleum
products, and the tocation of storage facilities, to ensure protection of surface and groundwater
resources from conuamination. The Miniswy of Healih ensures that health and hygiene standards
are maintained in the provision of water and sanitation services, in order 1o prevent cutbreaks of
diseases and environmemal degradation.

The National Instituee for Scientific and Industrial Research (NISIR), the largest research
institation in Zambia, has been a major player in managemem of Zambia's water resources,
throwugh its various activities, including quality moniroring in the different river basins. NiSIR's
first environmental monitoring activities led to passing of the Environmental Protection and
Pollutien Control Act (EPPCA) of 1990, and the creation of the Environmental Council of Zambia,
NIMRs activities in hydrolegical menitoring in the high-rainfall Luano Catchment have created
the basis for Zambia's water resources management.

There are many challenges with respect o water resources management. The cwrrent Water
Act was enacted in 1949, and has not been revised adequately to meet current needs. The Act,
in its presemt form, does not control groundwaeer development (anyone can drill a borehole
without permission, and are deing se in large numbers, 1o pre-empt any regulatory contvol on this
activity, in furure). It does not regulate activities on internatienal (intand) waters. 1t is difiicult to
administer water rights on affected rivers and lakes, due to these insufficiencies.

There is a lack of permanent and formalised collaborative and cooperative mechanisms, to
coordinate activilies in the secior. This has been partly due eo gaps in the relevant legislation. The
consequence has been duplication of efforis and wrong prioritisation of projects.

The water sector lacks qualified human resources. Many specialised positions in government
ministries and departments dealing in water affairs remain vacam. Other contribuiing factors
have been umnattractive conditions of service, and long procedures in recruitment of stafl in the
civil service. The scourge of HIV/AIDS has compeunded the problem.

There is the problem of inadequate and delayed release of funds. This results in 2 lack of
eapital investment in the sector. The hydrological network has been reduced over vears, [rom 250
hydrometric stations in 1986, o less than 100 by 2003, due to low priority accorded to water
respugces assessment by national planning and funding awrhorities. Data and inlormation records
are scattered berween different institutions, and need to be processed in order 1o present useful
findings for end-users.

Water reforms were commissioned in 1993 to deal with problems of the water sector in Zambia,
Government began by formulation of the Mational Warer Folicy, which was adopted in 1994, 4
Water Supply and Sanitation Bill was enacied in 1997, Government has focussed on the reform of
water resources management and development since the year 2001,

A Warer Resources Action Programme has been established, and began work in 2001, to
speathead a reform of water respurces management and development, A draft Water Resovrces
Management (WEM) Bill has been under review since 2003, invelving wide consulation with
stakeholders. This bill will establish 2 new institution, the National Water Resources Management
Authority (WWERMA) This authority will provide for the establishmemt and management of
catchment and sub-catchment councils, and will recognise water users associations. v will provide
for management, development, conservation, protection and preservation of water resources and
assoctated ecosystems. It will also provide for international cooperation (currenuly non-existent),
equitable and sustainable utilisation of shared water resources, and provide lor implementation
of various treaties, comventions and agreements that relate to environmemn, o which Zambia is a
signatory. The Water Resources Action Programme, a bill, that was to have been enacied by the
beginning of 2005, is still not a reality, {We have no cabinet, an present, because of impending
elections). This Act will create the necessary legal, institutional and financial framework lor
appropriate waler resources management and development in Zambia. When enacied, the

HNWRMA will take over existing management functions from the Water Board ard Department
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of Water Affairs. Additional management funciions will have 1o be developed and supported both
by new regulations, guidelines snd standards, and by improved data on water use, water demands
and water availability.

General conclusions are that we need 1o strengthen institutional capacities in water sesources
management in Zambia. This cannot be overemphasised. This is also relevant, considering the

dilapidated state of hydrometecrological nerworks and quality monitoring systems.

DISCUSSION

Question {Karrar): Where does the money come from, in terms of institetional arrangements?
Who plays the regulatory role?

Reply: The regulator will be the one that has yet to be enacted. Control is over surface, but not
ground water. Both need to be controlled, howeyer.

Comment {Pietersen): What [ then understand is that you are splitting policy regulations?

Question {Tungaraza}: Referring to the he bill, 1o be submitted for groundwater, de you intend 10
do groundwater mapping?

Reply: The new authority will have this responsibility, and borehole-drilling applications will be
required through this institution. People are currently abusing the open window, prior to the
legislation being enforced, and avoiding the fees that will later become due.
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Integrated Water Resources
Management in South Africa

Eiman Karar, Director: ¥Water Resources Management, South African Water Research Commission (WRC)
E-mail: eimank@wrec.gov.za

South Africa is a water-scazce conntry. Rainfall is spatially and temporally variable. Average
rainfall is about 450 mmsyear, less than half that of the world average of 860 mm/year. The
combined flow of all rivers in the country amovnts o 49 200 million m* per year, which is
less than half the flow im the Zambezi. ¥8% of our population is black. 5% of this group have
been classed as poor, and 25% are illiterate. There is inequitable access to water resources.
Groundwater has a pivotal role, especially with rural water supplies. Only about 20% of
groundwater occurs im major aquifer systems that zre exploitable on a large-scale. This is due
to the prevalence of a hard rock geology.

Mational Water Resource Strategy estimates of the still-undeveloped resource potential
show rhat the yield from surface water can be increased by about 5 600 million m? per year.
There iz room for the mecessary infrastructure. In addition, substantial quantities can be
made avaifable through the increased re-use of return flows, with specific potential at some
coastal cities, where wastewater is currently discharged to the sea. Porential also exists for
turther groundwater development, although on a smaller scale. Desalination of seawarter offers
particular opportunities for coastal users. Although currently uneconamical, rhe trend is that
desalination will become more competitive, through continued advances in technology. It
could be that the application of impertation and other uncomventionat options (e.g, iceberg
importation and cloud seeding) may become economically competitive in the near futare.

Where does the management of water resources arise? We consider the South African
Constitution, and the Bill of Righes. Everyone has the right to have access to sufficient food
and (raw] water (the issue of water potability is not raised. Everyone has the right 1o an
environment that will not harm his or her health, or well-being. The environment must be
preserved, for the benefit of present and future generations {a susiainability endorsement).
Chapter 3 in the Constitution deals with cooperative government. The foreign speakers at
today’s meeting have addressed the problem of fragmented management, We have cooperation
as an endorsement, but 1 confess that there is still a gap between principle and practice.

The central principles in the Mariomal Water Act, 1998 [(NWA) are equity, efficiency,
sustainability and representivity (Principle 7). The purposes are to meet basic human needs of
present and {uture generations, o promete equitable access to water, to redress the results of
past racial and gender discrimination, and 1o facilitate social and ecenomic development. Key
provistons of the N4 are that water is an indivisible national asset, National Government is
the custodian of water resources, and exercises its powers, as a public trustee. Water should
meet basic human needs, and should maintain environmental sustainability, guaranteed as
a right. This {minimum balance of exploitable waier) is called the “Reserve”. Water resource
management is decentralised to regtonal and locat institutions.

The new IWRM parameters are listed as water rescurce protection (the Reserved, water

pricing, water resource planning, and the water management institutions.
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wWe address the issue of waker resources protection. The aim of protecting waler resources
is to ensure their contnuing availability for haman use, by leaving enough water of
appropriate quality in rivers and streams to maintain their ecological viability. There are two
complementary approaches.

Pesource-Directed Measures (RDM) focuses on the quality and the overall health of
water resources. Resource qualily includes water quantity and water quality, the character
and copdition of in-stream and riparian habitats, and the characteristics, condition and
distribution of the aguatic biota. RDM measures include the following elements. Development
af a Mational Classification Systemn; determination of the class of specific water resources;
establishment of resource quality objectives, and determination of the Reserve, for each
significant water resoutce, in accordance with the class of that resource.

Source-directed controls are primarily designed 1o control water use activities at the
point of impacy, through tools such as standards and compliance conditions for water use
authorisations.

The NWA provides for three types of water-use charges. The first is for funding water
resource management: activities such as information gathering, monitoring and controlling
\water resources and their use, waler Tesource protection {including waste discharge levies,
and the protection of the RBeserve), and water conservation. The second 1s for landing water
resource development and use of waterworks: the costs of investigation, planning, design,
construction, operation and maintenance of waterworks, pre-financing of development, a
retrn on assets, and the costs of waker disteibution. These irrvolve financial charges that relate
to the costs of managing water resources and supply of warer from schemes and systems. The
third is achieving equitable and effective allocation of water: economic incentives to encourage
more efficient use of water, water conservation, and a shift from lower to highervalue nse.
This is an economic charge, related to the value of water to particular users, and ceuld include
subsidies and support for people such as emerging farruers.

Waler resgurce planming (a national strategy} has the following objectrves. Firstly, 1t
aims to establish a pational framework for managing water resources. The MWES is lzgally
binding, it is intended to be an enduring descripiion of the ways in which water Tesources
shall be managed. Secondly, it establishes the {ramework for the preparation of catchment
management strategies. Thirdly, it provides information — The Act requires that the Minisier
ensures that all aspects of water Tesources management, which will affect other Organs of
State, water usets, and the public in general, are brought te their attestion. Lastly, it should
identiiy development opportunities and constraints. The NWRS also identifies areas of the
country it which limited water resources are 2 ronstraine on development, as well as areas in
which water resources are available, 1o support social and economic development injtiatives.
This strategy will be revised every five years, in terms of the law.

Figure L illustrates the DWAF structure, with the three management tevels, labelled at the
left-hand side.

Arrows denote routes of interaction. Much has ves to become reality, with the caichment
management strategies not yet all in place.

We turn our attention to the water management institurions. On the firs ter, there is the
Ministry of Warer Alfairs and Forestry, with its Depattment, with the overall respansibility for
effective water resource management. Responsibilities include strategic and national planning
{mega-projects, such as hydropower). At the second tier is the Catchment Management Agency,
with a catchment {basin) management strategy. There are 19 of these areas, each with its own
EOVETTANCE Agency, Tepresentative of the parties that are involved. The third tier consists of
the water user associations (WUA), concerned with local-level water telated activities, They
are localised, and are active only when needed. Much needs 10 be learned from experience, as

these plans evalve n practice.
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We have the international water management institutions. Four of South Africa’s main
rivers ave shared with other countries; Limpopo, Inkomati, Pongola (Maputcl and the
Orange (Senqu) Rivers. Together, they drain 60% of South Alrica’s land area and comtribute
o abowt 40% of its toral surface runoff (river Howd. About 70% of the GDP, and a similar

percentage of the population, are supported by these rivers, making judicious and responsible

Figure 1: The DWAF structure, with the three management levels
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juint management of parameunt importance 1o South Africa and the region, as a whole.
We have water-sharing agreements with neighbouring coutries, these being Lesotho and
Namibia {Orange-Senqu System), Botswana, Zimbabwe, and Mogambique (Limpope River),
Mocambique and Swaziland (Incomati System, s well as the Usutu-Pongola-Mapute System.
There will be joimt basin studies, 10 be Rnallised by year 2010. Ornce this is done, then

transparency and trust is possible,

DISCUSSION

Comment {Kfir}: Could you explain the link o the Water Service Act, and how the provision
ol water services link to the catchment plan.

Reply: These planning instruments include the Water Services Act (1997). The National
Water Act was passed in 1998. The Waker Services Act states that local municipalities are
responsible for water supply and saniration. They lollow administrative boundaries, and
we have the catchment management agencies that follow the hydrological boundaries. The
catchment plan strategists need 1o intevact with the water services development planners
ol local government; local government has to buy into the concept of local management
institutions. There should be no dictatorial hierarchy.

Comment (Kfir): DWAF is a huge department, employing thousands. They had developer,
managerial, and operational roles. The department will now devolve into.the catchment
management agencies, local government, etc. So operation will no longer be the
responsibility of DWAF, except at the high level of water planning, They will have a sLrong
policy and regulatory role. There is the Deputy Director General for regions, (o assist them
to move ow of D'WAF, at the operational level. It has not been easy. It impacts on the
implementation of the Carchment Management Agency.

Reply: 1 overlooked mention of the other important institutions. We have eight regional offices
of the DWAF; we will have 19 Catchment Management Agencies, we have the Catchment
Management Fera (non-statutory, and localised), the Water Tribunal for disputes, the Water
Research Commission (WRC), which is patt of the chain. There is the Water Cancus, a civil
society platform, and the National Water Advisory Council, not necessarily linked to the
MNational Water Act.

Question: Considering water a right, and you have a significantly poor population, how do
you assure that right? What policing mechanism do vou have 10 collect fees from -water
users?

Reply: The Constitution refers to “raw” {untreated water) to the extent of 23 litres per person
per day, within 200 metres. A citizen could sue the Minister, il they do not have this
access.

Kfir: There is global debate on this matter. We provide free basic water (6 kl/household/
month). Water pricing is scaled; more use means higher rate. The rich pay for the poor.
Fayment is not the problem, it is the lack of access thereto, in many cases, There are seven
million without water supply, and 14 million withowt sanitation, especially with informal
tunplanned) setilements in peri-uthan aveas, and the rural areas. Forestry is considered te
be a flow-reduction activity (consumptive user). The problem is the same with sugat-cane
plantations. This water does not return to the river, after use. Commercial foresters pay
water levies, because of this.

Question(Dia): Do you have links with mining courts and water policy enforcement?

Reply: There is enforcement, and they have to comply. There is a licence for any 1ype
of use, and it will have conditions (such as an effluent specification) that must be met.
Non-compliance attracts penalties. The waste-discharge payment system will internafise

impacts, by encouraging cleaner technology, ot they pay a price-equivalent, so that the
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wateT Tegource managet receives the money to clean up. It is the regulator and the user that
interact, with little other forimal structure,

Dia: In Sengal, we have specific taxes on mining companies,

Pietersen: South Africa has similar systems. Industry has ro provide guaranteed funds {trust,
or whatever) for costs incurred during closure and site rehabilitation at the end of the
economic life of the relevant activity. They pay for water received, and for their discharged

effluent, as well.
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Water Research in South Africa

Kevin Pietersen, Water Research Commission (South Africal
E-mail: kevinp@wrc.org.za

This presentation deals with an overview of the water research challenges that are at issue.

Our climate is characterised by high potential evaporation, and low average rainfall, as well
as high variability in space and time. There are unprediciable impacts, with respect o climate
variability and change. Groundwater resources are associated mainly with fractured rock
aguifers, which are complex, and difficult 10 exploit. We requite a knowledge base that needs
to grow substantially, to permit effective implementation of water policy and legislation, Cur
demographics change constantly, as a result of population growth, vapid urbanisation and the
impact of HIV/AIDS. There is rvral and peri-urban poverty. There is an cutstanding under-
provision of basic water supply and sanitation 1o many rural communities, 2 shortage of skills and
Compelencies among many water service authorities and providers, and a non-equitable access 1o
water, as a production factor, arising from policies of the past. There is a sub-optimal efficiency
and effectiveness in the productive use of water, and 2 high potential for degradation of water
ecosysterns and water quality, as a result of industrial and agricultural development, mining,
and the rapid as well as uncoordinated settlement of peri-urban areas. There are health risks
to humans and animals, arising from water contamination by both natural and anthropogenic
hazardous constituents and pollutants.

The importance of water research and development can be emcapsulated in the following
statement. Water-centred knowledge forms a basis for the appropriate management of South
Africa’s water resources, and related water supply and sanitation services,

The structures and institutions that promote research in South Alvica are the Water Research
Commission (WRC), the Department of Water Affairs and Forestry (DWAF), and the Department
of Science and Technology (DST). Other supporters of water research are the Science Councils,
these being the Council lor Scientific and Industrial Research (CSIR), the Agricultaral Research
Council (ARC), the Council for Geoscience, the Humar: Sciences Research Conacil (HSRC}and the
Medical Research Council {MRC). The Mational Research Foundation {NRF}) provides research-
funding support o tertiary educational institutions, for the purpose of student rraining and
capacity building. The NRF may also provide funding over a broader front {through siractures,
such as THRIP, and the [imovation Fund) for research projects that relate to natienal priarity
areas. There are the Water and Waste Unilities, such as Rand Water, Umngeni Water and ERWAT,
and some of the industries, such as mining, power generation, petrochemical, textile, as well as
commadity-based agriculture, that may fund research that is related to their own areas of concern.
Cmitted from the listing on the screen are the universities, who are the most significant executors
of research.

The main organisation that funds water research in South Africa is the Water Research
Commission (WRC), supporting approximately 50% to 60% of water-related research in South
Africa. An Act of Parliament, the Water Research Act, established the WRC in 1971, The WRC

does not undertake research, itsell, but funds research, wnder contract, in compliance with an
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early policy decision that the WRC should not duplicate effort and infrastruciure through doing
its own research. The mandate of the WRC is to promote co-ordination, co-operation and
communication in the area of water research and development; 1o establish water research needs
and priortities; to stimulate and fund water research, according to priority; 10 promote ellective
wransfer of information and rechnology; and to enhance knowledge, and capacity building, within
the water sector.

The Act covers 2 Water Research fund. There is a levy to fund research. As from 1 July 2006, it
is 331 cents per hectare, where water-use is permissible under the control of an irrigation board,
or other water management institution. It is 3.22 cents per cubic metze of metered water, supplied
for purposes other than land irrigation {includes buik supply for urban, industrial or domestic
usel. The WRC does not receive a pazliamentary grant.

The strategic areas in the WRC research portfolio are water Tesource management, water-
linked ecosystems, water use and waste management, agricultural use of water, and water-centred
knowledge.

Water key strategic areas (K54s) are identified as follows:

Water Use and Waste Management includes water services, water supply and trealment
technologies, wastewater and effluent treatment and reuse technologies, industrial and mine-
water management, sanitation, health and hygiene education. Water Utilisation in Agriculture
includes lood and fibre production, fuelwood and timber production, poverty reduction and
wealth creation, resonsce protection and veclamation. Water resource management includes water
resource assessment and development, imnpacts of Waler Tesources, waler IESOUTCE protection,
and policy and institutional arrangements, Water-linked ecosystems include ecosystern processes,
ecosystem management and wilisation, and ecosystem rehabilitation.

Research funds have been aHocated in the following split, as given the last Annuzl Report.
There is an equal split between the use and resource KSAs, Waler Tesource management at 7%
was the largest, waler use and waste management was 31%, water-linked ecosystems at 17%, and
agricultural water use was at 13%.

The Core Business Process of Funding follows the lollowing steps. Sourcing of funds, WRC
corporate business plan (guides regarding funding stream and percentage allecation per streamy),
WRC/KSA business plan (strategic allocation of funds per KSA, allocation of funds per thrust, and
initial research portfolia), call for proposals {solicited and non-solicited), selection, contracting,
fund management, knowledge dissemination/application, finalisation ol tesearch, and outputf
impact assessment.

We had a total number of 336 projects on our records during the year 2005-2006. OF these,
245 were active, 70 were new, 91 were completed, and theze were 74 solicited active projects.

The WRC hold 32 clusters of patents. They are undergoing curremt licensing and
commercialisation, The list includes PETRO™ (cluster of 8 patents), the Rhodes BioSURE™
{cluster of 36 patents), CUF Technology {cluster of 5 patents), secondary metabolites (cluster of 13
patents}, acid mine drainage (ferrite process}, and membrane fouling detection.

WRC products include technical/research reperts, technology transfer documents, compuker
software, other types of publications and periodicals, including Water Wheel, Water 54, our
Annual Report, and ¥nowledge Review.

In conclusion, out aims are to address knowledge gaps, which are determined through needs
analyses. This involves participant stakeholders. We cellate components, and determine the life
cycle of the research issue (existing research, workshops and focal interviews etc.). We struciure
the research, so as to be strategic {pursuit of new knowledge that has prespects of implementation)
and practical {conversion of existing knowledge inte appropriate products/processes). We measure
research quality and performance {including impact and effectiveness of the research). Finally, we
promote institutional and individual capacity, to develop new knewledge-bases and institutions
{including toots and methods) to implement I'WEM.
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DISCUSSION

Question (Tungaraza): How is water research coordinated? 1s it a separate department in the
ministry that deals with water? You say that mose of the researchers are from academia?

Reply: You refer to the WRC? We are autonomous, and separate. We report through a board to the
Minister of Warer Alfairs and Forestry.

Kfir: There are parastatal structures, public entities, and WEC is one, having 1o remain compliant
with the responsibilities of a public entity. We get income Trom levies, but also occasionally
from other government depariments, occasionally from denors. We manage this money and
coordinate research. We provide consultation throughout the sector, to identify needs, and
generate a portfolio. Management is through funding allocation. We do not make decisions
alone. We have to assess capacity for research. We had many who claimed experiise in
wastewater treatmert, but few that claimed to be sanitation experts. We had to foster a process
in building expertise in sanitaion at selected universities. Money has been spent in the past
in agricultuze on large-scale commercial fatming. Solicited research has recently focused on

subsistence farming, showing a shili in research priorities through perceived needs.
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Alik Bulula Muvundika, WRRU, NISIR, Zarnbia
E-mail: muvun@yahoo.com

1 will give a historical background 1o water research in Zambia. Alter independence in 1964 the
government realised that the planning and management of the nation's water potential required
both basic and applied research. This was after realisation that conservation and use of water was
of vital importance 1o any nation’s agriculiural and induskrial development.

The Government therefore jnitiated the formation of 2 Water Resources Research Unit in 1970,
within the domain of the Mational Institute for Industrial and Sceiemific Research,

The Mational Institute for Scienwific and Industrial Research (MISIE] is the largest R&D
institution in Zambia. It has many constituent units and centres. The Unit has been a major player
in water Tesources management. through various research activities, such as guality monitoring in
various river basins.

Research wark in the Water Resources Research Unit is organised into three main areas. There
is @ waler resources inventory, representative catchment studies, and environmental studies.

The water resources inventory (involving hydrogeologists and geotogisis) has a man objective
of evaluation of existing water respurces in terms of guantity and quality. This inventory of water
resources is being carried ourt, using a basin-by-basin approach. Studies have thus far been done
on the Chambeshi, Luangwa, Zambezi, and Kafue Basins. The environmental studies invelve
chemists, environmental scientises, and biolegists.

Of the four basins, the Kafue has been the most studied by NISIR. The basin accotnmodates
about 33% of the total population of Zambia, and is the mest industrialised area {including
mining, especially copper). It has the best comunication facilities in the country. The basin has
an area of abour 154 000km? and comprises 20% of the to1al area of Zambia. Comprehensive data
on this hasin, with respect o both water quality and quantity exist.

The main objectives of the Representative Catchments Studies are w develop methods for
qualitative estimates of water balance of drainage basins that are representative of the headwaters
of Zambia, typified by high rainfall conditions. We need to evaluae changes in hydrological
behavicur, consequent vpon clearing of trees and senling of small-scale farmers, whao are engaged
in beel cartle rearing. together with subsistence agriculture. Catchments under study are well
instrumented for measuring hydrological parameters, such as rainfalt, runofl, groundwater
levels and ether metecrological parameters, such as temperature, hamidity, sunshine, wind
characteristics and pan evaporation.

The main objectives of the Environmental Studies are to evaluate the presemt status of
pollution of water environment in the country, to carry out research on low cost wastewater
treatment systems, to introduce new chemical, microbiological and hydrobiolegical methods in
environmental monitoring, aed to assess biclogical preductivity of inland waters.

Environmental studies have shown that mining has had a large impact en the water quality of the
Kafue River. Previously, there had been minimal control of effluent discharge, in terms of quantity

and quality. Studies have indicated that water qualiiy is worse at the dewnstream side, compared
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with the upsiream side of the river. Discharged mine effluents often contain high levels of copper and
cobalt, these being the main components that are mined. Large suspended solid content, discharged
by mines, has made some parts of the river almost disappear, through silratign,

Other players involved in water research are the University of Zambia, the Copperbelt
University, the Department of Water Affairs, and the Fnvironmental Conncil of Zambia., Work
is often on a comiract-funded basis. Research areas include pollution from industrial activities,
especially mining; impact from disposal of liquid and solid waste; impact of unplanned
settlements; and the impact of climate change and variabiliey on warter respurces. The scuthern
part of Zambia receives low rainfall, compared with the northern parts. The opposite happened
during the last rainy season, demonstrating climate variahility,

We have a problem of groundwater pollution in Lusaka, our capital. Mines were privatised after
Kaunda ended his presidency. Most of these mines consequently closed down. Unemploved people
then moved to the city, creating unplanned setelements. The provision of adequate water supply
and sanitation to a vapidly growing population is an increasing problem in Lusaka. Over 55% of
piped water for Lusaka is supplied by groundwater. The percentage of population depending on
groundwater (pipe reticulation, and wells) is estimated to be over 80%. There has been an increase
in number of potential sources of pollution, such as pit latrines, septic tanks, cemeteries, and
unmanaged waste disposal sites. Unserviced new suburbs add 1o the problem. The groundwater
table is close to the surface, and vulnerable to poflution. Abous 25% of the city’s rwo million people
are serviced by a sewer system. 20% are serviced by septic tanks. 55% rely on pit latrines in high-
density vriplanned townships, and also on shallow wells and borehotes for water, often located
only a few metres from pirt latrines.

Lusaka population has increased from 200 000 at independence, to about 2 million roday. The
national population has not increased as much as Lusaka's popalation. & study in 1978 revealed
both biclogical and chemical pollution of water. It also showed that both biological and chemical
content varied with season, and borehole locality. Exceptionally high values were recorded during
1ain season, and in areas reliant on pit latrines and septic tanks. Bacteriological analyses revealed
a presence of coliforms in groundwater in the high-density residential areas.

The use of pit latrines in affected areas was identified as being responsible for bacteriological
cortamination, and high nitrate and sulphate levels, as well as high COD and BOD.

Groundwater research studies are being conducted under a project involving the use of
isotope techniques lor sustainable development and management of groundwater resources in
Lusaka. The International Atomic Energy Agency is supporting this work. The objective has been
1o assess groundwater vesources of Lusaka, with a view to developing sustainable groundwarer
management systems. Thete is need to identify potential pollution sources, and determine extent
ol groundwater pollution, to determing source, timing and magnitude of groundwarer recharge
rates and groundwater llow direction, and o determine the types, properties and behaviour of
aguifers. Participating institutions have been the NISIR, the University of Zambia, the Department
of Water Alfairs, the Lusaka Water and Sewerage Company, the Environmental Counctl of Zambia,
the Lusaka City Council, and the Ministry of Health,

A map indicates the borehole sampling points in Lusaka. Parameters under swudy include
numerous chemical {including cation and anion assays) and bacteriological measurements, as well
ag isotope content such as critium and oxygen-18. Isotepe analyses are not yet complete. Data for
the other analyses are presented. Total and faecal coliforms are abundant in the water drawn by
the municipal supplier. This is only a recent trend, and arises from a township that has appeared
nearby. Wells are also contaminated, way above acceptable limits, and peopte drink from them.
Wells and pit latzines are next 1o one another,

The increase in human activities, associated with rapid urbanisation and poor planning
in Lusaka, has made the aquifer a pollutant receptacle. Initiation of continuous water-quality

MOnItoTing can assist as an early-warning system with regard 1o threatening outbreaks of disease.
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DISCUSSION

Question (Kfirk: Is there a general assumption that ground water is Bt to drink? Coliforms ate
easily destroyed with chlotine (at the user point).

Reply: The reticulated water is indeed treated by the supply company. The problem lies with the
informal settlements, where they draw water from wells. They drink it a5 it is. Political issues
compound decisions that have 10 be taken. People sulfer from diseases associated with this
problem, but do not realise the reason for their illness.

Comment (Kfirk The solution lies in hygiene education. When we have cholera epidemics, we
supply the population with hypochlorite solution, to sanirise their drinking water, before use....
one teaspoonful 1o a bottle of water.

Comment {Tungaraza): | am aware of the use of antiseptics, even in Lusaka, for faecal coliform
contamination. Water suppliers concentrate on bacterial problems, but often neglect the
chemical issues, which may be significant.

Question (Karar): The research foundation, where does the lunding come from? Do vou have o
identify and prioritise the research needs? Bo you fulfil this mandare, or is it a constraing?

Reply: We are semi-autonomous, funded by government, but we get support from donors, like the
International Atomic Energy Agency.

Kfir: What proportion of the research is done by your institution, in relation to that undertaken
by the universities, and others?

Reply: We mostly do i It is our mandate,
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Clavery Tungaraza, Faculty of Seience, Sokoine University of Agriculture, Morogoro, Tanzania
£-mail: tungaraza@suanet.ac.tz

Research has been done in the past on an ad kot basis, addressing problems at hand. Once done,
attention then moves to another area, The ministry responsible for water cwns a so-called Water
Institute, mtended for training technical personuel and doing research undes the Ministry of Water,
but in practice, the institute has been training technicians for various analytical duties under the
Ministry. Most ministries have been structured with research depatiments. However, water has
heen moved from one minisiry to anather, & muvaber of times, and noew it stands alone, yet 10
establish its own research department. The available government document curremtly identifies
pine challenges. These include sustainable fnancing of water resources, in terms of adequate
funding for enforcement, abstraction monitering, and human resources. Also, there is the need
for effective water management institutions, and adeguate tegal, scientific and administrative skills
for iraplementing the new WwaleT f2s0UICES framework. There is a need [or properky coordinated
management; different sector agencies otill use secioral mandates and priorities, and this is
historical, where forestry had their own act, dealing with parural esources, while fisheries used
their own act, and land had their own act. With the new policy in year 2002, intention has been
that all watet-related issues would fall under the Water Policy. Depanuments nevertheless stilk act
independently. There should be adequate technical and administrative capacity. Currently, there
are ineffective Waler TeSOUTCES ASSESSIMENLS, inefficient water allocation, inadequate enforcement,
and insufficient water pollution control. There s a teed for adequate and reliable infrastructure.
Currently there is no development of new water sources, be they surkace, groundwater, 0T inter-
hasin transfers. There is a need for authoritative water allocarion procedures. Currently, we have
over-licensing of abstractions at locations like Pangani and Rafiji, which have consequently
hecome stressed, and they are important, both for agricabiure and hydropower.

We need to address the problem of polluted water Tesources. Currently, water quality and
pollution menitoting activities are inadeguately funded. There is no eHective enforcement and
water pollution coutrol. There is a need for effeczive trans-boundary water management. Six
basins are trans-boundary in character. Peorer-ckilled staff have to deal with aspects of lake and
catchruent management. There is thus a need for camprehensive knowledge of the available water

_ resgurces. We have poor networks for data gathering. Groundwater monitoring 15 only carried
oul in a few selected areas. Water sampling and analysis programmes suffer from inadequate
Funding and inadequate analytical skills, Most of these preblems require research. itis a problem
ol commitment to policy implementation.

The lellowing are the major water problems. The water level of Lake Victoria is receding. There
are problems with chemical poltution control and wastewater managemant. Only sbout 10% cf the
urban populations have access 10 SEWeETARE facilities in Tanzamia. There is a daa-coblection and
access problem, with insufficient information of acceptable Teliability.

The task for the government is to have a data-gathering network, involwing other conmries.

This showld include Bwanda, Burundi Kenya, Uganda, DRC, Zambia, Malawi & Mogambique, and,
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we wish to inchude other countries in the Nile Basin, There is shared warer in these interboundary
basins. There is 2 need for collaborative research and shazing of resources, such as laboraory
skills and equipment.

Seane achievements have been realised, mainly with respect to ecological studies that have been
undertaken on the three lakes, Tanganyika, Victoria, and Nyasa. We have sociological studies on
conflict resolutions, with respect Lo river waters and water users. There is knowledge disseminanon
on taimwater harvesting. Research underway involves recent ecological changes of Lake Victoria,
and this has artracred variows dener-driven research initiatives, namely VicRes (inter-university
Council of East Alvical, and IVEMP (Lake Victoria Frivironmental Management Programme).

How do we close the gap? We seek new avenues on land-use management in the water basins,
atmospheric nutrient deposition (significant in Lake Tanganyika and Victorial, agrochemical/
pesticide pollation preblems from agricultural activities fand the practice of “poison fishing” in
the Lakes, in competition with the commetcial Asheries), and management of mining residuves.
Mines are processing vanadium, cobalt, gold, and there is mercury waste discharges from
smalb-scale gold processors. The problems have pelitical connotations that complicate their
sohution. Groundwater monitoring systems are also needed, especially with respect to limits of
extractability, and recharge tate. What are the minimum-maximum limits 1o water withdrawal?
One has to protect water captize zones against contamination. We lack piezometric systems that
are required to monitor the relevant parameters.

There is o demarcation of activities, especially between consumptive and non-consumptive
water usage, ot polluting and non polluting activities. There is minimal collaboration between
institutions, within and owside the country, for bewer use of specialised needs, such as
laboratories, equipment, and staff. There are problems of interests, viz water quantity versus
quality. Bedies thae can provide support are the universities and research institwtions, the water

authorities, and the policy makers. They could form an organisation for central coordination.
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Climate Change and
Water Resources

Daniel O Olago, Department of Geology, University of Nairobi, Kenya
E-mail: clagocdan@yahoo.co.uk

The Ministry of Water and Trrigation has been rolling out the operational functions under the
new Water Act, 2002, The Ministry has remained as a policy division. The rest of its stracture
has been moved to other parastatal entities. This covers resource management, water distribution,
and others. Theve has not been any research, per se, within this government structure, except for
prespecting for new groundwater resources, as well as characterising existing resources in a more
precise way, with view to improvement in supply. We have several institures engaged in various
research programmes. We have the Kenya Water Instituee, but this devoted to technical training,
as we have heard is the case Tanzania, and is without a research component. We have the Kenyan
Marine and Fisheries Research Institute, vested with the responsibility of the inland waters, but the
bias is towards marine resources, with most of the staff being biologists. Few employees are trained
specifically in the area of water, namely hydrology, waste-water management, water and sanitation.
Summarised, the government stil does not really have 2 research programme. It only addresses
immediate needs of supply and demand.

Africa's environment is closely linked with its climate. The African cantinent, one of the most
vulnerable regions to climate change, is subject 10 frequent droughts and famine. The livelihoods of
mast Africans are largely dependent on wilisation of tand-based resources, as well as on freshwater
lacustrine and riverine systeras as sources of potable water, fish, and transport. People are classed
a5 vulnerable communities. Global warming is expecied to bring higher remperatuges, estimated
to be between 0.2 and 0.5°C per decade in Africa. Climate studies, and modelling experiments,
indicate that the anthropogenically-driven rise in global lemperatures, and land-use changes, Ty
aflect climatic, hydrological and environmental parameters in an adverse manmer. These are the
two key vesearch areas within the country,

The effect of global warming may well have thieat and impact on our water resources. Associated
therewith is the impact on these resources by humans. We can anticipate drastic declines in
available water for consumptive use. Climate studies and modelling experiments indicate that
global mean surface temperature is projected to increase between 1.5°C (2.7°F) and 5.8°C (10.8°F)
by year 2100. This will affect the hydrological cycle. The plots shown show the gradual increase,
especially since the 1980s, actoss all seasons. Climate change scenarios for Africa indicate Future
warmning across the continent ranging from ¢.2°C {0.36°F} per decade {low scenartio) ta more than
0.5°C {0.9°F) per decade (high scenario}. This warming will be greatest over the imterior of semi-
arid imargins of the Sahara and central southern Africa.

If we examine the modelling experiments, running through o year 2100, ghserved annual
rainfall anomalies indicate that increases in precipitation are possible in east Africa, contrasted
with a reduced precipitation in southern Africa during the next 100 vears. Even if these projections
really reflect futuge tzends in the water that may be available, we have issue with the intensity of
tamfall events that may occur, their frequency and time-spacing, and the impact that this would

have on activities, such as agriculture. The major effects of climate change on African water systems
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will be thremgh changes in the hydrological cycle, the balance of temperature, and rainfall (IPCC
20013,

Mon-climatic changes such as water policy and management practice may have significant
effects. The Water Act may control excesses, and help 1o mitigate ewends, through regulation and
enforcement.

Many African countries, inciuding Kenya (560 m*/capitafyear}, experience curtent water siress,
and it is projected that many more will shift from a water surplus status to a water scarce status by
2025, due w changes in populaton alone (TPCC 20013,

Some of the basic problems with waker, as a resource in Africa, include a very high potential
evaporation, which occurs throughout the vear, and is in excess of 2000 mmiyear over latge tracts;
very high aridity indices; generally low diversion of rainfall to runoff; an often very-concentrated
seasonality of rainfall, and hence, of consequent runoff. We also have a strong response o the
EMNSO signal, and vhus a generally high inter-annual coelficient of variability of rainfall. We have
an amplification of the inter-anauval coefficient of variability of zainfall by the hvdrological cyele
(Schulze 2001} Other problems that affect the quantity, quality and availability of lteshwater
include increasing population pressure {high population growth) and pollution of warer resources,
land use that leads 1o enhanced erosion/siltation, and possible ecological consequences of land-use
change on the hydrological cycle.

We come to the so-named wartet towers. In Kenya, they are Mount Kenyz and Kilimanjaro, All
the major rivers in the world have their headwaters in mountains. Wore than half_of homanity
relies on the fresh water that accumulates in mountains — for drinking, domestic use, irrigation,
hydropower, industry and transporiation. Mountain areas constitute a relatively small proportion of
tiver hasins, vet they provide the greater part of the river flows, downstream. These “water towers”
are crucial to the welfare of humankind. The porential for conflict over the use of mountain water
arows, as demand increases. Careful management of mountain water resources must therefore
become a global priovity, in a wotld that is moving towards a water ¢risis.

Pater towers have the lollowing lunceions and issues associated with them. They have high
precipitation levels, providing a positive water balance. They provide storage and distribution
of water to the lewlands, They have a life-sustaining role. Water stored in mountain lakes and
reservoirs has further economic value, given its hydroeleciric power potential. Mountain fresh
water susiains many natural habitats, both in the mountains and in the lowlands, thus contributing
to the conservation of bodiversity. Mountains are highly fragile ecosystems, requiring carehal
management of the watersheds, {Peor land use gives rise to river siltarion). There are conllicts over
water availability and vuse (upstream abstraction, impacting on those who need water downstream).
This is reflected in inadequate resource management. The impact of climate change and variabilicy
has 1o be factored imo this whole equation.

The glacial meltwaters from the tropical glaciers of eastern Africa coneribute significantly to the
hydrelogical budger of rivers that emanate from the slopes of the mountains. The rivers on Mount
Kenya, for example, currently meet 50% of the countey’s freshwater requirements, and supply the
national grid with about 70% of its hydroelectric power. Today, the changes in land use around
Mount Kenva {poputation, 8 million), deforestation, water abstraction for farm irrigaion, and the
gradual melting of the mountain glaciers are thought to be respensible for depleting the mountain's
streams and rivers, Similar scenarios are observed for Kilimanjaro and the Ruwenzori mountains.
Rate of glacier retreat is dlarming, in spite of the consequential and welcome high water flows in
dry season. Recent glacier recessions are documented for locations, such as the Lewis Glacier on
Mount Kenva from 1880 AD. Sketch maps by Gregory in 16893 show clearly thar a general, drastic
reduction in glacier size has ocourred since the late 1800s (Hastenrath and Kruss, 1992}, being
more enhanced in the late 20th century. The area of Kilimanjaro's ice cap has decreased by about
80% from the year 1912 1o 2000 (from 12 km? 10 2.6 km?), and it is likely to disappear between
2015 and 2020, {f the climatological trends of the past 88 years persist {Thompson et al., 2002). The
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aesthetic value 1o tourists will be lost. By 1990, glaciers on the Rwenzori mountains had receded
to aboul #0% of their extent recorded in 1955 (Kaser and Osmaston, 2002). Perennial rivers
could become seasonal rivers. The problem of reduced flow is exacerbated by deforestation, water
abstraction for irrigation, and other anthropogenic activities. These impacts are expected to become
serious by about the year 2015, Bath the papulation and the area of cubivation on Mount Kemya's
lower slopes, and below, have more than tripled over the last 200 years, and abstractions of water
from the mountain's vivers have dramatically increased. Currently, ten times the water volume,
provided through existing regulations, is being used {H. Lintger and B, Weingartner, in Science in
Africa, 2002). This is a problem of wmenforcement. About 60% of the inhabitants of Fwaso Ngiro
river basin, Mount Kenya, depend on river water for irrigation {Science in Africa, 2002). The loss of
these frozen reservoirs threatens water resoutces for hydroelecitic power production in the region,
and fot crop irrigation and municipal water supplies. Water-related development projecis have been
spurred on by increased siream discharge that has resulted from the meliing ice caps. In effect,
the government is cashing in on an aguatic bank acccunt thay was accumulated ever thousands of
years, but is not addeessing its replenishment (L. Thompsen, in the Monitor, 2003). We are lesing
OUT LATZeELS.

In conclusion, 1list some of the challenges. We have 10 manage the increasing demands for fresh
water. We have to safegrard biodiversity and natural habitats created by mountain fresh water. e
have to rerognise the interactions berween the mountzins and the lowlands (and the lowlands with
the coastal zones — brackish coastal aquifers, through aver-abstraction and consequent seawater
infiltration, aggravated by reduced freshwater replenishment into these coastal aquifers), We have
ter assess the mountain water resousces, and the impact of human activities. We have to invest in

sustainable developmem of monntain regions, and lastly we must avoid conflicts,

DISCUSSION

Question (Kfir}: Kenya is the location of 2 number of internavional bodies. To what extent to they
support and supplement research in Kenya, for Kenya?

Reply: Everyone seems to focus on lake Victoria. There is a lot of support for this type of research
under Wortd Bank funding. We have new insitutions, with their own projects, internationally
funded. One was to increase the number of borehcles. They came in, and then went out, using
the Ministry of water laboratories for conducting the necessary analyses. This information did
not reach the wider arena. Universities in our region typically de this type of work. Yes, the
urganisaticns are there, but better coordination would increase the value of what is being done.
We have many NGOs, doing a lot of small-scale work on water conservation issues, Findings
are not vsually made known. We need an information database, and clearing house, where
prospective researchers can find ow the status quo. Research funded organisations, from
outside, must get ministry permits, and this provides some information an what is happening,

Question (Tungaraza): If an owsider visits South Africa, with intention of doing water research,
how do you manage this situation?

Reply (KA1): We have no contrel. We (WRC) fund abomr 60% of our own research. We tried 10
prepare an R&D Chapter as part of the UN Water YWeb Programme, and tried 1o find out who
was doing what, outside our ewn funding system. We have IMWT (the Internationat Management
Water Institute), and T am a board member. Tt is located in Pretetia. YWe have problems, an
example being 2 German university wishing o come and do research in South Africa, in a
manner that contributes nothing 1o our awn capacity. We will assist, provided that they are
prepared to offer something of value in return. EU often requests some contribution from the
country involved, and in these cases, we become involved. There is no clearing-house for this
information. While the WRC may see niself as a warer information hub, we are not provided

with comprehensive access to information an these sther activities (outside our mandate).



Water Research in Uganda

Albert Rugumayo, National Focal Point Dfficer, Uganda National Academy of Sciences, IAP Programme
E-mail: rugumayoi@anergy.go.ug

Water research in Uganda is not well coordinated. Most of the research takes place at Makerere
University, which also funds some of its research. The Uganda National Council for Science
and Technology (UNCSTY is the government body respensible for coordinating and {unding
research, and sees that it is integrated into national development. However, 1t is limited, due 10
both financial and institntional constraines. The Uganda National Academy of Sciences (UNAS) is
one of the bodies that carries cut research. There is other lunding from the Divectorate of Water
Development, as well as from NGOs and the private sector. The percentage of funding that comes
from the Directorate is about 10%, abaut 5% from the Mational Council, and about 5% is threugh
the universities, Makerere, in particular. There are donors, Sweden, Norway and recently, the
World Pank funded Mile Basin lnitiative. 1 will discuss the various areas of research currently
done at different levels, post-graduate (PhD, M5c and practitioner? and undergraduate.

There is a research project aimed at developing a decision support system for planning and
operation of large dams along the Victoria Nile, The candidate is registered at the University of
K7N. The objective is to optimise the productive and equitable use of water that is stored in Lake
Victoria and Lake Kyoga, by creating and applying knowledge abont management of trade-olfs,
and to promote synergies between different options for use, optimising hydropower production,
food security and water productivity, and environmental sustainability, while minimising any
negative and social impact. The outputs ate a PhD thesis, providing improved knowledge decision
suppart systems, ko assist in better planning of reservoir and dam operation, and development ofa
practitioner “hand book™

Another study concerns modelling the impact of developroent projects on the waler resources
af the Upper White Nile River Basin. This candidate is registered at a British university. Research
ohjectives are to develop a decision-support model for consumptive and non-consumptive use of
weater resonrces in a trans-boundary river basin, subjected to a matrix of development projects and
climate chanpe. The selected model shoutd be able to simulate the impact of water use on water
halance and sediment transport within the system.

A further study deals with Lake Victoria, and the use of optimal consumptive and non-
consumptive scenarios analyses of the Lake Victoria waters, to develop economic and
envirgmmental indicators. This candidate is also registered with a British university. Dynamic
programming techniques will be used, with emphasis on Uganda, while maximising benefits to
East Alrica, as a whole, through equitable sharing and sustainable use of the lake.

Yet another project deals with the investigation and analysis of the transient hydrological
regimes of the Upper Mile, and implications for hydropower development. This is partly related to
an earbier-mentioned study. The Nile Basin Inittative funds them both. The curput will be a clearer
view of the hydrelogy of the Upper Mile, including elaboration of the drivers of the et Basin

supply, and a betier understanding of controversies surrounding the water levels of Lake Victoria.
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We have a SIDA/SAREC-funded programme in the area of environmental engineering, There
ate various areas of this research. One is to analyse the pollution loading on shallow groundwaters,
examining aliernative water trearment technologies for domestic waslgwater, water treatment
metheds, and 16 develop household low-cost purification systems. The last area is research into
a holistic approach 1o sanitation. Ecological sanitation is the “in-thing”, and is being widely
promated. The main barrier is user acceptance of ecosanitation, as a new technology.

There is reseatch in hydrogeology, flood analysis, drought analysis, low flows analysis, rainfall
analysis, sediment transport, water supply, and environmental sanitation. I have listed some of the
papers that have been presented by the various authors, and they cover areas such as hydrogeology,
groundwater investigations in Lake Victoria, gronndwater flow in weathered fractured bedrock
auilers, urban management of groundwater sources in urban areas, and sustainable groundwater
supply. This is linked to groundwater iapping studies. There is regional flood frequency analysis,
dam break simulation studies, flood mitigation, and regional ood analysis by the [-Moment
approach. There is low-flow and drought analysis, covering various parts of the country. There
is rainfall analysis, including rainfall-harvesting strategies, the use of rainfall for agriculture,
and rainfall reliability for crop production courtrywide. Most of this work has been done in the
Department of Civil Engineering, Makerere University.

Focus has also been practitioner-based in the area of environmental sanication, We aim 1o
improve designs for VIP latrines, generate support for improved sanitation training, and need 1o
determine the social acceptability of eco-sanitation congeprs.

In the area of water supply, we are trying to determine the sustainable solutions for rural water
supplies. GI5 is being applied as management tool.

In the area of sediment, we have sediment yield assessment, and river classification, with
fimited data sets. Another focus is a rationale for use of decision support systems lor water
resources wanagement in Uganda,

Work has been done in the area of institutional development. Research aveas include customer
orientation, private sector management, self-heip initiatives, tariff structures and a study on
curriculem review, with a purpose of generating greater interest in an area. This has yielded
positive resuits. There is course transfer, being a “tripod capacity-building approach™ This refers
to three institutions that have been involved in capacity building. The purpose has been to loster
expertise transfer from the University of Loughborough, UK, © Uganda, and 1o examine ways in
which such interaction may be sustained. There has also been a study on training of engineering
students, through district-focused internship attachments. This resulted in an improved atGtude
on the part of the students towards their district responsibilities.

Final year research projects in the Civil Engineering Department a1 Makerere University
includes lood analysis, drought analysis, bydro schemes and daras, hydraulics, surface hydrology,
starmwater and urhan drainage, as well as sanitation and water supply.

In ¢conclusion, it is evident that there is a tot of interest in water research in Uganda. The major
limitations have been the funding and metivation, of both the researchers and their supervisors,
There is a need for more applied research, to mateh the local prevailing conditions in the country.
Areas such as climate change and their impact on water resources have not yet been addressed.



Water Resources Research
in Cameroon

Mathias Fru Fonteh, PhD, Associate Professor and Head, Department of Agricultural Engineering, . -

University of Dschang, Cameroon, Associate Fellow, Camercon Academy of Science
E-mail: matfonteh@yahoo.com

Kevin Pietersen’s presentation on research in South Africa, when compared with the simation in
Camergon, makes me feel that [ am visiting dreamland.

When preparing this talk, 1 visualised that we wonld nieed to communicate the main focus of
tesearch in Cameroon, identify problems and constraints, so that as a region, we can determine
how 1o raove forward, My presentation is structured with this in mind, Research in Cameroen is
conducted by universities, and some research centres. There is a Minisery of Scientific Research
and Innovation, under which we have the research instituses. The Institute of Mining and Geology
accommodates the Centre for Hydrological Research, which has a mandate of assessing only
suriace waker resonrees. The Institute for Hydrological Research is serisusly under-funded, and is
bazely functional. The universities, however, are under a dilferent ministry; the Ministry of Higher
Education. Given that that the WMinistry of Scientific Research and Innevation cannot elfectively
fund its own institutes, it is no surprise to learn that funding of university research from this
source is inadequate, at best, or inexistent.

Concerning the critical water management problems, there is degradation of water resources
through polluion and deforestation, as evidenced by euwtrophication and siltation of dams.
Data are inadequate for informed decision-making, since there are very few operational water
monitoring stations, and litde information on water use and demand. Some research indicates
that rivet flows are dwindling, and some warer bodies, such as Lake Chad are diminishing. This
can be attributed to climate change, but human factors cannet be left ont. In addition, there is an
insufficient number of motivated and skilled water professionals, who can deal effectively with the
complex issues of water scarcity, climate variability, and joint management of international waters.
The problem is compounded by inefficiency and wastage in the use of available water, where there
is up 10 40 % loss in urban water supply systems, and the average efficiency of irrigation systems is
estimated at about 30 %.

Poorly coordinated water management is reflected in the way research is conducted. There is no
coherently focussed water research program. Research efforts are thus dispersed, mostly externally
funded, and understandably follow the donots’ agenda, which itself, is unceordinaed.

Cameroon had only one university up until 1993, but with a reasonably good infrastruciure.
Overcrowding with up to 60 000 students, leading this existing infrastructure, gave rise o
a political decision to decentralise, #nd create six universities. The University of Dschang,
for example, was a College of Agriculture, with about 700 students, and has grown today to
accommodate abows 12 000 students, with no significant expansion of infrastructure. With
insufficient funding, the current prececupation of these new universities is 1o develop basic
infrastructure, with very linde funds devoted 1o research. Research projects in the universities are
thus mainly based on funds obtained from external sources, and work usually lasts only as long

as the external funding exists. Research is mainly focused on applied research, to solve problems
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that have been perceived to exist by the researchers. This usually involves adapting existing
rechnelogies, to suit local conditions or situations.

The most serious problem researchers have identified in the southern part of the country, with
abundant water resources, is the degradation of water respurces by pollution and deforestation. In
the north, with limited water resources and spatial and temporal distribation problems, we again
find degradation of the water resources, in addition o the need for efficient and effective use of
water. Efficiency is paramount 1o the water sector, considering the rising cost of energy, and the
upeoming implementation of abstraction fees for heavy water users.

Almost all centralised sewage systems that were built in the two major towns of Douala and
Yacundé are out of use, with unireated wastewater being discharged inte the envitonment. The
systems that were built were found 1o be oo costly 1 operate and maintain, and were graduatly
abandened, and left derelict. Untreated waste water from these sewage systems therefore flows intg
natural drainage channels and is often used downstream, for demestic purposes, and for irrigation
during the dry season. In any case, these centralised systems served only a very small propartion
of the population. The majority of the population, in both wiban and rural areas, use pi lawrines
and septic tanks which pollute ground water soutces, that are used by a significant portion of the
population for domestic water supply.

Industrial wastes, likewise, are barely treated before disposal, because treatment costs are
perceived to be very high. The need is thus for low-cost treatment systems for domestic and
industrial waste waters. The current focus of researchers has been on the use of ponds, with
aguatic plants, and the use of artificially constracred wetlands. The ahility of various local plants
to absorb various rypes of pollutants is being studied, so that systems can be adapred 1o the
physico-chemical preperties of the waste water requiring treatment. Swudies are also under way to
develep appropriate technotogy for the safe vse of pelbuted bue nurrient rich water in agriculture,
as a short-term measure, without campromising the health of the population.

Cameroon has abundant water supplies, of about 18 000 m* per capita per year, and the major
concern of policy makers is the provision of porable water to the population. Concepis such as
efficient water use, and integrated water management, ave therefore ton considered priority issues.

Concerning research needs, problem areas include river basin management with limited
data, adapting TWERM principtes 1o the socio-culiural and economic environment, development
ol appropriate waste water treatment lechnologies, such as the use of artificial wetlands for
trearment of different types of waste water, and specific problem pellutants therein. There is also
nezd o examine indigencus technologies, with 2 view 1o their improvement. In addition, water
management needs 1o take acconnt of climate change, as well as devoling more attention to water
assessmetlt and monitoring.

The following constraints have been idettified as obstactes to effective water research in
Cameroon:

R Research findings end up on bookshelves, with low rates of infermation transter o these who
need to use it

B Teaching and research programs are not coordinated with the needs of the end users

B There are inadequate rescurces for water management research, insufficient infrastructuse, and
an insuffictent number of trained researchers. Consequently, most research degree sudies are
conducted at foreign universities, ofien on topics seen te be irvelevant 1o the priority water
problems of Camercon.

B To compaund the problems, there is a brain drain, with trained researchers leaving the research

enviromment fer more financially rewarding positions both within and without the countyy.



Water Research in Senegal

Abdoulaye Dia
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Our problems in Senegal are that water research lies within the domain of applied geology. Each
year, we 1Ty 10 oTganise meetings to identily key problems that relate to the management and
use of our water resources, We have about lour topics. We wish o understand and predict the
impact of land use and desertification on water resources. We wish to develop and implement a
large-scale water resources simulationfinformation system, incorporating satellite remote-sensing
technology. We need to evalvate the variability of water resources that are impacted by aquifer
comtamination. Thete is contamination of surface water by agriculiure, and mining activities, and
sed waleT intrusion into coastal aquifers. Finally, there is flow risk assessment,

The universities conduct our tesearch. The new approach is that research is purely a
disciplinary approach. For that, universities invite decision-makers, to assist in identify key
preblems that require a solution. We put disciplinary teams together. Our university serves the
West Alrican countries. The Department of Geology serves both geology and water resources.
We have two leaders, a hydrogeolegist and a hydrochemical geologist. Our curriculum ncludes
hydregeology, hydrolagy, geochemistry and environment. The university bas a commsiment to do
all research on water managerent, with the support of the Ministry of Agriculture, the Ministry
of Environment, and the Ministry of Scientific Research. The Mational Academy plays a significant
tole, as it has 1o coordinate. Each year, we invite younger researchers to become imvolved in this
research. 1 present one of the university programmes. We created the Earth Sciences Institute
in 1980, Its expertise, hydrogectogy, geochemistry and water pollution, concentrates on. waker
resources and warer quality issues in the Craton and ceastal areas. Another topic is remote
sensing, GIS, environmental impacts, natural hazards and risks, and ground geophysical surveys.
The Departments of Earth Science, and Geology, are separate. Geology is in the Faculty of Science,
and Techniques. The Institure of Farth Science is only a body that trains engineers in applied
gealogy, and information techmology. It includes the wse of geophysics, satellite remote sensing
technctogies, and also madelling of aguifers. Basic research is done by the Department of Gealogy.
4 lot of effort is devoted 1o sedimentary aquifers and comgplex basement aquilers.,

The preblem of funding arises every year. Project proposals that can altract imternational
support have the best prospects, and one of these is "TREES™. The TIGER project is the application
ol rermoe sensing for water resources and management, and we have selected rwo subjects for
this project. Participants are the Department of Geology, a research-and-educational input from
the Institute of Earth Science, and the managers of the technical depariments of the Ministry
of Fowironmem, Agriculture, and others. lncluded is the Naienal Agency for management of
apriculture and envirenment, SAED is the National Society for the develapment of the delta of
the Senegal River. Scientific coordination is with 1ST. You have OMVS, DAED, and ISRA. There is
the Institme of Enviromment, within the Depaztment of Geelogy, The Labaratory for Atmespheric
Physics, the Labaratory for Physics, and the Centre for Environmental Menitoring, under the

Ministry of the Envivonment. These are collectively responsible for data acquisition, processing,
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archiving and dissemination. Another large body is the Department of Planning and Management
of Water. This is under the Ministry of Agriculture and Water Resources. This Department is
responsibte for project operationalisation, on all water projects. OMVS (lnternational Organisation
for the Development of the Senegal River, with Mali, and Mauritania) has a large project, with
support Irom JEFF lunds, for monitoring and management of water resources and environment
in the Senegal River Basin. SAED is a national compaxny, [or agriculture and development of the
Senegal River Delta. ISRA is a latge development, under the Ministry of Agricalture for agricuiaral
research. The entire project is names TREES. TREES is part of the larger project TIGER, initiated
by ASA. The main themes are water resources and hydrogeology, conceming lakes, eswaries and
coastal zones, floods and dreuglus, extraction and recharge of groundwaier resources, erosion
related 1o s0il degradation and water flow,

The objective TREES has been to use remote sensing, to improve data. Project titles include
“Remote Sensing characterisation of watersheds for surface water resources management in
Senegal”. Another is “Use of radar ERS SAR and ENVISAT ASAR data, for bathymetric map
updating of shallow coastal waters in Senegal™.

What is the current role of the National Academy? We wish to establish a Mational foundatien
for Science. For this we have entered into an agreement with the US National Academy, the UK
Academy, and the Canadian Internationale Development Agency. We want to raise money to
support scientific teams from cur vniversity and other vesearch enities, for Phb, or MSc projects.
Cur iniention is that we will call for project proposals, on an annual basis. Cur aim is 1o bring
young researchers into the feld. We look te the ASSAL, 1o guide us as 1o means of coltaboration

and support.

DISCUSSION

Question (Kfirx: Who [unds TIGER? Concerning this relationship with U5, UK, Canada, and
others, will funding be externat ot local? | undersiood at NEPAD meetings that Francophene
Africa is already being served by French invelvement!

Reply: You are correct. We worked closely with French Universities until 1980, I was a Fullbright
Fellow at an American universiry, an M5c at Michigan State University, and this established
collaboration, I alse collaborate with Germany (Gattingen University) and others. At present,
my new PhD student is working omside the Francophone area, the USA and UK. Philosophy
has changed. TIGER is under ESA (European Space Agency). The submission was international,
and cur team received funding lor this project. We also receive lunding from the US Academy,
as there is large project for water resources, and we made a submission to Michigan State
University, and we expecti to get the tesearch fonding. The Avomic Agency has funded a
laboratery in Dakar, We have a remote sensing daboratory that collaborates with the European
Agency.
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Climate Change and Variability
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Geoinfarmatics and Meteorology, University of Pretoria
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Our Depasument has been involved with the WRC on a number of projects. We train meteorclogists
lor, amongst others, the South African Weather Service, and are the only institation in the RSA
that olfers a B5c degree in meteorclogy. We are currently involved in a collaborative project with
Ugemda, developing predictive modets for wearher {orecasting in that area,

Ewill 1alk of the weather systems that ate responsible for the climate in our sub-region. We wifl
examine historical climate records, to provide perspective with respect 1o the present, and then
examine climate change, without raising any issue of whether it may be considered 1o be good or
bad.

The plot shown is of lower atmosphere temperatures, and carbon dioxide concentrations, for the
last 400 000 vears. These have been derived from ice cores from the South Pole, aud other places.
There have been significant variations in these parameters, and they are linked to glacial periods,
about 100 000 vears long. There are also shorter interglacial periods of warmer weather between
these glacial periods. Aflter reaching a temperature peak in the short interglacial periods, there is
normally 2 rapid temperature Fall, in a regular cycle. The approximated 100 00+ years glacial periods
might be antributed to changes in the 2lliptic orbit of the earth around the sun, named Milankevitch
Cycles. At this moment, we are on one of those peaks, in a warmer period. The lemperature profile
that follows the current peak is ot consisient with what happened before over the 400 000 year
record. The current peak appears to sustain a plateauw, instead of dropping to colder conditions, as
happened before. Claims are made that anthropogenic greenhouse gasses are responsible for the
current warming. €O, traces, indeed, track temperature profiles, but CO, concentration dees net
necessarily follow teraperature, in all instances. For example, if we go back 460 million years, 0o,
concentrations were ten- to twenty-fold higher, and we had similar atmospheric temperatures as
today. The situation is apparently mote comples, and the debate about the mvolvernent of CO, raises

more guestions than it provides answers. The most important greenhouse

Figure 1: The meridional cell cirveulation diagram gasses are CO,, methane, and perhaps mote importantly, water vapour. The

interaction of CO, with water vapour requires more understanding. Water
vapour produces cleuds that might cool the earth if they are thick encugh. A
world map of the Jast glacial maximum about 18 O30 vears ago shows large
areas covered by ice and deserts, with forests being confined to the tropics.
Under today’s warmer conditions, we see more vegetation, and less glacial
areas. Relatively, we are in a warm period, in comparison with where we
came {rom. We now examine the weather systems over Africa in Figure 1.
Figure 1 explains the meridional cell circulation diagram. As a result
of more concentrated solar energy, one finds warmer conditions at the
equator. At about 30 degrees south, we have atmospheric subsidence,

which suppresses rainfall. O is it so, we ask? If we did not have continents

o this earth, we would not have disturbed this cell siracture, Land masses
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create thertal disturbances in the dry subtropics. Seuthern Alrica lies on this dry, aumospheric
subsidence latitude, and is thus expected to be dry. This is the norm, rather than the exception.
Rainfail is the deviation. People fail to plan, beating this in mind. Atmospheric subsidence will
also tend ro inhibit cloud formation. Presence of 4 continent will provide 2 heat source, which
leads to convective lifting of air over that atea, and this is the reason why we de, indeed, get
rain in a normally dry vegion. Surface heat creates rising air, which in wurn creates low-pressure
systems This continental low results in circulation cells that will draw moisture from the tropics
towrards southern Africa. One often sees cloud bands extending from the tropics over Botswana
and Angola towards the eastern parts of South Africa, bringing moisture from the notth o the
east. As 4 result the conditions in the west remain “normal” {dry), while we receive rain in the
east. One gets the Atlantic high and the Indian high, lanking the low pressure. Following passing
celd fronts, the Attantic high occasionally ridges towards the south of Africa, generating more rain
owver the eastern parts of South Africa.

Circulation of mid-Yatimude cyclones (knoewn as cold fronts) can link up with the circulaion
of continental systems over southern Africa. This often serves as mechanism to draw energy and
clouds southwards from the equatorial regions. The changes in these systems thal create our
rainfall need to be examined and understood, in order 1o be able to interpret climate change.

We examine South African surrmer rainfall patierns, particularly our austral summer rainfall,
and we can see that we have wet conditions in the east, and dry in the west. In winter, the mid-
lativude systems return to “normal® with high pressures dominating, owing to the cooling of the
land-mass.

We examine more recent climate records o explain the reasons for aur concern about climate
change. Since 1860, umil today, we had 0.7°C average rise in surface temperatute, over the globe.
This is # matter of concern. There was 2 short peried of cooling during 1940 to 1980, after which
there was a rapid temperature rise, with the highest temperatures en record (creer the past 1000
years) appearing over the past lew yeats.

What is the best approach to this problem? The primary tocl is chservation. History, as
shown in the graphs that bave been presented, indicates that we are already in a process of
climate change. This can be split in to the natural component [passive) and that artriburable to
anthropogenic (active) causes. The IPPC Initiative is concerned with predictive methods for fumre
climate change scenarios, and their impact assessment. Several model simulations bave been used
far clinate forecasts. The slide shown gives an idea of the complexity of the problems, and the
numercus asswmptions that have to be taken. Model simubations examine a matrix of grid boxes
aver the topography of the world, with resolutions of about 200 to 300 km. The current models
are not ideat, since they predict an ongoing increase in surface temperatures, but fai) 1o produce
persistent trends in rainfall over central and southern Africa, Why did the 1PCC use so many
models? The reason is that ene can compare projections to identify consistent signals — since
models differ in the way they simulate the atmosphere. An average of all model results could give
a more reasonable answer. They used these modets to force future projections for CO,, CO), stress
scenarios, themselves, vary, the popular and so-called “A2™ and *B2” being compared. A2 predicts
doubling of CO, over the next century, while B2 shows a less severe trend. Surface temperature
graphs from the third assessmem repost of the 1PCC show trends according to the various models,
Tracking reality in the past has been generally good, especially for temperatures, but projections 1o
the future become divergent, crearing uncereainty, especially for rainfall. The models do, hawever,
all predict warmer conditions, in future. Global average rainfall data reflect chaos, models not
even tracking past records with any rebiability. Future rainfall increase is predicted on the global
scale, and would be expected by the warming, which will incresse evaporation rales. Regional
rainfall predictions are, however, harder to make.

Sputhem Alfrican analyses (Rupsieenoja classifications], comparing temperature/rainfall results

from the various models, show Future projected wariations in temperatures and rainfall. Deviations
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for rainfall are scattered, both above and below normal. Temperatures show general rise with time:
years 2020, and 2050, but rainfall values are inconsistent over southern Africa.

We turn out attention Lo rainfall observations from 1960 w 2002 1o investigate trends. Since
anthropogenic greenhouse warming is a reality since 1860, changes in the climate might aiready
take place. There is evidence that global teraperatures are rising. The map shows annual rainfall
trends over 42 years. No statistically significant change over the whole country could be found for
rainfall annwal totals. This could be taken as good news since, if welt managed, Waler Tesources
are consistent. Monthly rainfall is changing, in that summer zainfall has been decreasing in the
tate summer {April-May months) over the summer rainfall region, along with wetter conditions
in the late winter (July and September) over the western pans of the country. This can be seen as
a temporal shift in the seasons. In terms of water resource management, the good news is that we
still seem 1o receive the same amounts of water over a year, but in a changing temporal intra-annual
pattern of precipitation.

Published temperature-trends in the 1PCC Report, years 1976 to 2000, lor Alrica, show
significant warming, especially over Zambia, Zimbabwe and Malawi. There are mixed signals
for South Alrica, and thete are areas of insufficient data over Africa. Much of the warming over
the past 20 years wok place over the central to eastern regions of southern Alvica. If we examine
rainfall, there is also a trend towards dvought over this region. Weteer conditions were recorded
over Mogambique and the northern parts of east Africa. & recent mode! simulation that was carried
ou at the University of Pretoria, projecting climate for years 2070 to 2100, show changes similar
to what have been observed. Studies of the weather systems, believed to cause these changes, are
under investigation. Tt is suspected that the extension of the Indian high over east Alrica mighe
strengthen, which increases moistuze flux over northern Mogambique, and causes drought over
eastern southern Alvica. These trends are difficult to track, because of a shoriage of recorded data.

DISCUSSION

Question (Verhagen}: You made no mention of ENSO. Do you note any climate-forseen
phenomena related to ENSO?

Reply: Yes, there is, but I focused more on Africa. El Mino periods are lengthening, with shorter
La MNina periods berween. The water of the Pacific Ocean may be heating, and this may continue,
in future. Katrina, and the warm water of the Gulf Stream, also shows this trend in warming of the
oceans.

Question({Kfir}: You talk of seasonal shift in rainfall. But seasons are not only a rainfail issue.
Do we also see temperature shifts as well?

Reply: There ist't much infermation available on this.

Question {Olago): "We have a lot of rainfall in Eastern Africa. What would the impacts of the
Indian Ocean, and the associated dipole, have on this?

Reply: There is a consistent increase in the temperature of the Indian Ocean. T suggest that the
temperatures will continue 1o increase over that region, producing more moisture, and if the Indian

High strengthens, it will transport the moisware 1o the continent.



Technology as an Aid to Water

Supply in South Africa

Gerhard Offringa, Water Research Commission, South Africa
E-mail: gerhardo@wrc.org.za

{ will provide a background 16 South Alrican technology, asan aid to water supply.

We have drivers of technology development. Climatic conditions comprise one factor. The
other is the human factor. It is all abow distributions.

South Africa is a dry country. Rainfall average is 450 mm/year. World average is B60 mmyear.
Our rainfall is 50 mm/year in the west, to 1250 mm/year in the east. §5% of the country has less
than 500 mm/year. 21% of the country has less than 200 mm/year. Evaporation is 1100 momfyear
in the east, to over 3000 mm/year in the west. We have 4 to 8-year drought periods. There is a
lack of exploitable aquilers (<13% groundwater). Water is olten not near economic growth areas (eg
Johannesburg-Reef area — where the gold is]. Western regions are dry, while eastern areas are wet.
Evaporation rate is high in the west, and much lowet in the east.

We examine poputation distribution, with respect to geography, incoune, and skills/education.
The rural population amounts te 45%. People are scattered, with distant access to-water. They like
to build on top of hills, adding to servicing problems. We rely on springs and boreholes for wates
supply to these areas, and the Department of Water Affairs provides them. Piped water supply is
thus both difficult and expensive, under these circumstances. Cheaper alternatives have thus to
be considered.

There is a large disparity between rich and poor (second largest after Brazil). Poor people
cannot afford potable water, and use (free) wnireated river water, rather than pay. There is a barge
disparity in skills levels and education, these being concentrated in wrban areas, and depleted
in rural areas. Rural water treatment plants are consequently left in an unmaintained state, arud
improperly operated. Rural people are inadequately educated to understand the health hazards
associated with drinking river water, and this results in sickness and morbidity, and a consequent
health problem.

4 number of possible solutions to these problems have been investigated and implermented.
One of the solutions to these problems is seen in a good legislative framework. MNew legislation
has been drafted 10 ensure water supply to all people, while ensuring environmental protection.
Controversial as dams may be, we have construcied several karge ones, to comiel the flow of
unused water 1o the sea. There are 530 registered dams. ln addition, there are inter-basin transfer
schemes that move water from wester areas 10 the drier and more needy regions. There are 18 of
these, the Lesetho Highlands Scheme being the largest, with a 120 km transler tunnel that carries
water to the Ash River, and the Vaa! River Carchmen, to supply Johannesburg and its vicinity.

Another important step was the founding, by act of parliament, of the Water Research
Commission (WRC) in 1971, There was foresight in that a previous investigation showed that
water was the most limiting factor to growth.

Another option has been the re-use of waste water. There is a legal Tequitement 1o return abl
used water to the rivers for further use, downstream. The first plant for direct purification of

treated sewage effluent to drinking water was commissioned in 1969 at Windhoeel:, Namibia, and
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a demonstration plant was operated for some time on the Cape Flais at the end of the 1980’ Large
power stations have converted from evaporative cooling to ait-cooled steam condensing systems.
Industries are recycling their wastewaters, or are using purified sewage.

Ancther solution te our dry conditions is rainfall stimulation from clouds. There has been
ten years of research, funded by the Water Research Commissien, using twe aircralt, burning
salt mixtuzes that generate smoke patticles that seed the clouds from below. Harvesting yields
& statistical average of 30% maore tain from these clouds. Tt has been wsed on 2 crial basis to the
north, and is being exploited internationally. 1t is considered superior 1o seeding with silver iodide
from above the clouds, and is more environmentally friendly. It won an international award,
supporting the understanding of climate change.

T deal with innovative treatment technologies and water demand wmanagement. There is
demand managemen, through use of flow restrictors, pressure control, pre-payment meters, and
leak detection. Dissolved air flotation is in use for cleaning drinking water (good for ewtrophic
waters). We have models for detecrion and management of ground water. We also have innovative
and appropriate water treatment processes, immersible filter units, self-backwashing filters, robust
stand-alone membrane units, water desalination by reverse asmasis, with membrane-fouling
monitoring and protection, water sanitisation with ozene, fog harvesting, valveless filters, solar
stills, point-of-use water treatment units, and our playground merry-go-round borehale purmgp.
There are enzyme-immobilised biechemical assay systems for endocrine disrupting compound
detection in water, at trace concentrations.

We have a levy for training, being 1% of worker salaries 10 a Skills Levy Fund.

We continue to adapt advanced technologies, so that they are appropriately robust and require
minimal supervision, We aim to implement teams of skilled “reving technicians” available to deal
with problems.

My conchuding remarks are, that in spite of formidable challenges, we have, over the last ten
years, succeeded in giving 10 of the 14 millien pecple access 1o sale, potable water; samething
that they did not have before. This has been achieved though good governance and exploiting

inmovative and appropriate technologies.

DISCUSSION

Question (Tungarazak If you are recycling treated sewage water for drinking, what control
do you exercise over industry, and the {hazardous, chemical) components thar they may be
responsible for in this water?

Reply: There are specifications and limits, o which they are obliged 1o adbere. Industries may
either discharge to river, ot to sewage works. In either case, they comply with appropriate
conditions, and pay, per pollutant, that must be treated, il it is discharged through a municipal
treatment plant. There is 2 government standard for any discharge o the river, 10 ensure
protection of the rivers, and the industry muse meet this standard.

Question {Dia}: Dams may have their value in a developing country, but there are the negative
impacts.

Reply: One has vwo choices. Either one has a dam with water, or no water, at all. It is a questicn
of balancing environmental impact with haman requirement. This is the reason for having
environmental impact assessment studies, with the interested and affected parties all arguing
and contesting their respective cases, and submiuting their points of view, decisions being taken

through an integrated analysis of all rthese issues at stake,



Wastewater Treatment
Technologies

David Mutombo, Bhpbilliton: Energy Coal, Business Development Africa
E-mail: david.mutombo@bhpbilliton.com

Ome of my duties is to tum our water liabilities inwo revenue streams. Mining operations can
generate 2 1ot of wastewater, and this requires responsible management.

Wastewater treatment objectives will drive the selection of an appropriate technology.
“Wastewater treatment chjectives are determined by South African enviretmental legislarion. There
are discharge standards for domestic and industrial wastewater. Treated domestic wastewater may
have to comply with either general standards, or specific standards, depending on the catchment
area of discharge. There is emphasis on solids removal {by settlement and Hoatation technology?,
COD/BOD removal {aerchic, or anaerobic processes, as is appropriate), nutrient removal (o
prevent eutrephication), sludge management {dewatering, stabilisation, and processing for re-use
ot disposal), disinfection, and water re-use, including availability as potable water.

When dealing with industrial wastewater, one must consider organic carbon and nutrients,
comunm te the petrochemical, loed and beverage, and paper industries. They are amongst the
heaviest polhuters. Total dissolved solids (TDS} include inorganic ions {mining and metalinrgical
operations}, and solids, which is applicable 1o all cases. There are prescribed limits, and meeting
them can be costly, but we male progress. Sulphate removal is a setious challenge, and there is a
lon of development in this field. Metal recovery for compliance to discharge standards is important.
Brine handling is important, a5 membrane syseems that ase used Lo remave discharged water TDS
will inevitably create a concentrated waste brine stream (The retentate) which requires responsible
management. Options include dewatering, crysiallisation, and recovery of valuahle constituents,
Thete is water disinfection, for potahle re-use, (amongst the other re-use options) where requisite
standards should be mew

The slide shows a lay-out of a typical waste water treatment plant. It consists of retention/
equealisation chambers, inlet works, then the biological treatment, and then a tertiary treatment that
cleans and palishes the water. There is the treatment of the sludge stream, including dewatering
and drying, and processing [or benelicial re-use. There is the BMR process and many alternatives,
and these include steps that remove biclogical nutrients (4-stage Bardenpho, UCT, MUCT and
MLRY. This is the choice of large metros in South Africa. Trickling fliers are sull applicable, often
in combination with other processes. Rotating biological comtagtors are ideal for small-scale
treatment. Fluidised beds are not used very much for domestic waste, as this technelogy is more
suited to industrial waste. The gxidation dish race-track reactor has been popudar, and is still in
use in smakl towns. Sequencing batch reacters ate a growing new technology that requires less
physical space. Lastly, there are moving bed bioreactors and moving membrane bioreactors (MER
and MBBR). Membrane elements double as filter clements as well, allowing grester mixed liguor
loads, without any compromise of oxygen transfer. Thus, these plants also have the advantage
of small footprint, relative to process capacity, and suit circumstances where there are space

constraints.
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In sludge handling, the first step is thickening (sedimentation or floatation} and stabilisation
{anaerobic digestion, ot chemical methods), sludge volume reduction (eentrifuges, belt presses)
and then drying {biogas, diesel oil, or other heat source). Dry sludge pellets are produced on the
Cape Flats for agricultural use. There is a lot of research on sludge characterisation, and heavy
metal content. Unfortunately, heavy metal content {at these installazions) is high.

Industrial wastewater treatmment uses the same process principles. As has been mentioned,
petrochemical, food and beverage industries, and the paper mills, are the biggest contributers to
COD¥BOD. inventive technologies have been developed for these problems. Inorganic ion removal
can be by precipitation (sofiening, and the barium sulphatessulphide process), jon exchange,
biological sulphate removal {Thiopac, MBR, MBER, CSIRGSURE, BioSURE). Passive systems, such
as wetlands, can also be used, especially for mine water. Membrane technology is popular, despite
cost. There are elecrrochemical methods, used by SASOL, and lasily, thermal processes, that have
¥el Lo see general use.

I show wou an example of a USB reactor. It is an anaerobic process, using granular sludge, and
relies om seteler modules at the upper levels. The solids are separated there, allowing sreated water
to leave, as a clear effluent. The biogas is also harvesied, some of which can be used to hear the
unit. There is also a double-stage modular system, which can reduce BOD by up to 90% and COD
wp o 80-85%. The upper module captures untrapped CODVBOD from the lower module. Mixing
is passive, with no pumping requirements.

I show you a unit at South Alrican Breweries, Cape Town, where all the reactors are closed.
This compact unit treats 5 megalitres of elfluent a day.

We have a twenty megalitre two-stage membrane unir at Withank, treaing mine water, for
reclamation. Ultrafiliration precedes reverse osmosis, and then disinfection, for return of this

water to the municipal potable supply system.

DISCUSSION

Question {Fonteh}: We have our problem with unplanned settlements in peri-urban areas. What
d you think would be the technical options?

Reply: Technology choice is dependent upon the population size. Big towns require established
and mature BNR processes, as domestic sewage iz well chavacterised, and we have had a lot
of experience in deign, construction, and eperation. It is not appropriate for small towns and
rural areas, however. | have already indicated some of the options that have been found 1o be
successiul in small towns and villages,

KEir: we have developed sanitarion, as a separate expertise, and some of these problems lie in this
area of discussion. We will shotily have a presentation on this matter.

Question (Tungaraza) I am imerested in the erm “UCT Process”, and that it involved a
university. What was the mechanisi of interaction between this institution and the operations
tevel, where such ideas have to be tested and tmplemented?

Kfir: The WRC most often funds these programmes. There is interactive communication berween

all panuicipant parties, through a steering committee, during the entire project progress.
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Policy-makers and resource managets ate facing a worldwide crisis in water respurce management,
but the sitwation is mote urgent lor developing countries struggling to overcome the grip of
poverty. In response 10 these challenges, South Alrica developed a ground-breaking approach o
managing its water resources. The National Water Act of 1398 {Act 36 of 1998} contains three
key innovations. the abolishment of private ownership, permitted under the system of riparian
tights; the establishment of catchment management agencies (CWAs) as the basic unit for water
resource management; and the Reserve. The Reserve is one of three resource directed measures
(RDM) campounents designed to ensure the comprehensive protection of water resources. It is
worth noting the fact that the Reserve can only be determined once significant water resources are
being classified by means of 2 classification system, according to the NWA, Provisions have been
put in place, though, to determine preliminary Reserves (in the interim) in anticipation of the
completion of a formal classification systermn.

The cutline of the presentation can be summarised as covering the legal framework lor water
resource protection, mandate(s) 1o give effect to water resource protection, water law principles
concerning water resource protection, the role of resource directed measures {RDM), curvent
initiatives on water tesource protection, and some concluding remarks.

South Alfrica’s legal framework is based on a global initative (Chapter 18 of Agenda 21, 14
June 1992), giving the Water Law Principles (November 1996), a fully-recognised status in the
South African Constitution {Act No 108 of 1996}, The White Paper on National Water Policy of
South Africa was established (April 1997}, followed by the Mational Water Act (NWANAct No
36 of 1998). My talk deals with Chapter 3 of the NWA, which is Warer Resources Protection;
fhe mandate from our minister. This spans across several sectors, as well as government
departments. The various government depariments have equally strong mandates, and their
roles and responsibilities are not always cleatly defined. There are overlaps. The depariments
are: DWAF (Department of Water Affairs and Forestry) — primarily water Tesource management;
DEAT (Department of Environmental Affairs and Tougism) ~ biodiversity conservation; NDAS
L& (Department of Agriculture and Land Affairs) — land management; DPLG (Department of
Provincial and Lecal Government) — development planning across government,

Initiatives usually refllect needs that are specific 1o one department or sector. Collaboration
between departments or sectors can become complex, Cooperative governance is essential, in
order to facilitate elfective implementation. There is an Interrelations Governmental Framework
Bill, obliging government departments to work together. By definition, the DWAF holds a strong
mandare, wich respect to water resource protection (Chapter 3 of NWAJ.

1select fve of the 28 water law principles that are pertinent to wiy subject today. Principle 2 states
that all water is linked. Principle 5 recognises the unity of the water cycle, the interdependence
of its elements, and that the catchment is the basic hydrological unit. Principle & recognises that

there is a {patural) uneven distribution of water over the country. Principle 7 relates to the water
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management objectives (economic growth, social equity and ecological sustainability). Principle
26 links the regulation of water services 1o broader local governnent,

Stakehelders often perceive protection elements as being in conflict with socio-economic needs.
Thiz leads to much debate as 1o the meaning and purpose of water resource protection.

We now deal with resource directed measures (RDM - Chapter 3 of the NWA). All water, in
its entirety, is under consideration, be it ground or surface, both in terms af quantity and quality.
RDM considers an integrated approach to water resource protection and management, by ensuring
long-term sustainable use of water resources, and balancing the need for tong-term protection
against the need for economic growrh, and social development,

RDM consists of the Reserve (defined below). There is a classification of water resources,
and identification of resource quality objectives. Prolection measures are in various slages
of development, addressing hoth resource quantity and gquality. All water resources require
characterisation (estuaries, wetlands, lakes, greundwatery. The WRC is offering us research
suppoti in this endeavour.

RDM can be contextualised in the following way. The NWa requires the minisier o classify
waleT resources by means of a system that has been gazetted. Public comment is invited. A
classification is then drafted, again, involving debate. Reserves have to be determined, and the
resaltree quality objectives have to be established. These are the management rules for achieving
the desired state of water resources management. This is the ideal. Currently, this ideal is not
being reached, as the classification system has not yet been completed. The NWA does provide
for preliminary determination of the Reserve. The Minister is obliged to give effect to these
prefiminary measures. The Beserves, at this stage, have only legal status, being without a gazetied
classification system. The technical work behind ali this is farmunately sound,

We have followed various approaches from year 1999 wniil now, t reach management
objectives, and resource determination. We have tred to reach the ideal sitwation, where we
are able to first determine the classes of water, hefare determining the Reserve, When we set
Reserve scenaries, this is done in consultation with our key stakeholders. By the time that we set
management abjectives, it is not the decision of an individwal, such as the Minister, alone. The
decision is transparent, with all the associated risks that are relevant.

A national water resources classification system is based on the lollowing parameters. There
are the biophysical aspects, the secio-economic status, the delinearion af waler TesgUECe UMiLs,
functional relationships between resource units, the development of alternate scenarios and their
possible implications, and evaluation and recommendations taken with stakeholders,

The anthority then makes a decision as 1o class.

Ecelogical classifications of water are as follows: Natural (goed quality), A; moderately used
or impacted, AB, B, BC, C; heavily use or impacted, D D; unacceptably degraded, EF, F. If we
contextualise the classification, we deal with the current state, and the Futuze stare thar is desired.
There are steps in this process. We need to determine the level of protection, and determine
the degree of use, so as not wo compromise the future state. This turns theery of sustainable
development into practice. We have our nineteen carchment regions, which require classification,
and countries such as Lesotho and Swazitand, where international consyltation on this process
becornes essential. Fifty to 60% of our water is shared with nzighbouring countries, and the Act
recognises the importance of dialogue with these external parijes.

Il all available water is depicted as a bucketful of water, then the lower half would be the
Reserve (minimum balance} that must be kept for human and ecological need. This is the basis
of the determination of a minimum requirement of raw water of 25 litres/dayiperson. In practice,
where water is more abundant, this minimuom allocation can be raised. Policy is clear, and withou
precedent, but implementation needs alse ta haye Hexibility. In determining the Reserve, in a local
context, care must be taken, at the same time, not o campromise our international obligations,

This has spectal relevance, with respect to interbasin transfers,
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Referring 1o the water in the top half of the bucker (above the Reserve, in the lower half),
the NWA requires all other water users to apply lor licences, and this is the responsibility of the
Catchment Management Agency. The Reserve is the only entitlement 1o water, in terms of the
MWA. Water rights are being replaced with water entitlements.

These are some of the initiatives. DWAF is being restrucwured, 1o enhance the effective
implementation of protection provisions of the NWA. Protection measures are being put in
place for determining EWR, and seuing RQOs. Financial measures are being put in place, and
the pricing strategy is being revised (polluter pays principle, and waste discharge charging
systems), Water Use Authorisation deals with compliance, intervention and enforcement. There
are source-directed contrals, where there is regulation of industrial impact. Working for Water
involves cleatance of alien vegetation, and recognises water resources in terms of an entire aguatic
ecosystem., Working for Wetlands invelves a sector-wide collaboration. There is water resource
monitaring, as part of the River Health Program and counservation of viver biodiversity, which
reports on improvements and progress in river conservation. There is injand water siodiversity,
with cross-sector policy objectives. There is groundwater protection zoning, with identification of
policy gaps and necessary intervention. National strategy for groundwater management still has
shertcomings, that require addressing in the National Water Resoutce Strategy.

I finally address the challenges in the implementation of the NWA, with regard 1o Tesource
protection. Integrated approaches are needed. Sirategies to be iechnicall}r sound {scientific and
legal). It is crucial to have a more vigorous approach to implementation.

Further challenges are to redress the past inequities in water allocation, and ensuring equity
between generations, ensuring “sorne for all, forever, ogether”. Equity and sustainability must both
be addressed, despite this being unpopular at the political level, at times {belore elections). We
need the administrative capacity to implement protection provisions of the NWaA. We need to link
WaleT Tesource protection and water services provisions; this is critical. We need te combat the
perception that water resouTces protection is a tactic to delay other “overriding” service detivery

priorities. Integrated management is for the good of all, and at the exjpense of none.
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W(h)ither isotope hydrology
in South Africa?

Balt Th Verhragen, Honorary Research Fellow, School of Geosciences, University of the Witwatersrand
e-mail: verhagenb@geosciences.wits.ac.2a

HISTORICAL INTRODUCTION

As implied by the ambivalent spelling in the title of this talk, | am concerned about the
“withering” in interest towards isotope hydrology in South Africa, as well as the destiny of this
discipline.

Isotope hydrology in South Africa was pioneered in the early sixties by the Environmental
Isotope Group (EIG) a1 the University of the Witwatersrand (Wits) and the Quaternary Dating
Research Eit (Quadru) at the Council lor Scientific and Industrial Research (CSIR). Fhysicists
and chemists drove the field, at that time. Hydrologists were either unfamiliar with applying
environmental isotope techniques, or sceptical as to their usefulness. A steady stream of
applications to real-world problems was produced by the two groups, from the Tater 1960%
and intg the 80's, not only in South Africa, but increasingly in the neighbouring states, such as
Botswana and Mamibia, as well.

This success began to attiact the interest and suppert of organisations such as the
International Atomic Energy Agency {IAEA), government agencies (Departments of Water
Allairs), as well as the private sector (geotechnical consultancies). By the latter 1980, the
(geothydrological community, worldwide, increasingly embraced the by-then well-established
field of tsotope hydrology. South Africa by then had developed an international reputation in
this field,

Teaching the discipline was part of 2 geohydrology course at the University of the
Witwaterstand (WITS). In addition, a very successful short course was developed from this
WITS course, and was run some forty times by the Ground Water Division of the Geological
Soctety of South Africa (GSSA)

At that time, the University of Cape Town (UCT) and the Council for Geoscience (CGS) had
developed analytical capabilities that found applications in isotope hydrology. increasingly, the
WITS and CSIR research groups had 10 become self-sustaining, with minimal official baseline
sapport. I the latter 1390%, and early years of the milleniom, South African expertise and
analytical capacity contributed to a series of investigations in numerous Alrican countries.

The WI1TS laboratory was appointed a Regional Centre by the LAEA in 1999, on the grounds
of its high reputation, and given a major infusion of state-of-the-art equipment, which was
associated with 2 southern and Fastern Alvican regional research pregramme on sustainable
waker resources (RAFBOIT.

WHAT IS ENVIRONMENTAL ISOTOPE HYDROLOGY?

The isotopes of the wvarious {mostly light) elements that comprise environmental matter
(specifically water, and its dissolved constituents) undergo fractionation, ie. small changes to
their abundance ratios. These changes arise through processes such as phase change, dilfusion,
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chemical reactions and radioactive decay and can be rraced through hydrological systems,
providing infermation on the source of water, and uts fate along #ts pathway through the
system. In groundwater, the so-called stable isotope ratios 180190, 2H/AH, and of dissolved
catbon 13C/12C are more-or-less set during recharge, and characterise a source. Cosmogenic
(naturally synthesised) radioactive isotope concentrations of *H and 14, ar recharge, decline,
due to radioactive decay during sub-surface transport, enabling this water to be “dated”, or a
mean residence time determined. Other isotopic species may alse be employed as tracers in
hydrology.

Some fields of application of environmental isctope hydrology are: Water resources
assessment, surface waterfground water interrelations; pollutans wansportfsalinisation
studies; urban hydrology; safetyfleakage, sustainability, and pre-construction studies of dams;
environmental protectionulnezability assessment; monitoring artificial recharge; constructions
verification of concepinal models; parameterisation of mathematical models, river basin studies
{Thukela, South Alrica and Nile, Morth Africa); palaeohydrology and climate studies; and
geothermal studies.

EXAMPLES FROM A REGIONAL STUDY

To give a "fel™ for the power of environmenral isotope hydrology, 1 will

share some information on  the JAEA  Regional Model Project RARS/029.

This project, which ran from 1999 to 2002, addressed the sustainable development of

groundwater resources in Southern and Eastern Africa. Couniries involved were Kenya,

Madagascar, Mamibia, South Africa, Tanzania, Uganda, and Zimbabwe. Cur group ar Wits was

the central analytical facility, besides providing considerable scientific inpus. The project list

comprised:

B Kenya — Surface water/ground water interrelations in the Merii aquifer. Madagascar —
Mineralisation processes in crystalline and sedimentary aquifers of seuthern Madagascar;

M Mamibia — Reappraisal of the hydrology and resource assessment of the south-eastern artesian
basin:

B Sputh Africa — Resoutce assessment of water supply to 26 villages in Nerthern (Limpopo)
Province;

M Tangania — Recharge 1o and pollution of the high-yvielding Makuwupora basin aquiler;

Ugande ~ Water balance and pollution potential of ground water supply to Wobulenzi town,

B Zimbabwe — sources of recharge 1o and minerafisation processes of the Save River wvalley
allyvial aquifer.

The three case studies that I will present, brielly, were a follow-up on these imvestigations, and

vielded wvaluable information that was incidental {not primary) to the original goals of these

projects:

B an investigation of nitrate pollution in a major water supply in Tanzania

W & unique case of groundwater feedimg an ephemeral river in an arid/semi-arid region of

MNamibia

B identifying of a major groundwater resource in Limpopo Province, South Alrica.

MAKUTUPORA BASIN, TANZANIA

Groundwater was being abstracted at a rate of about 24 000 m¥*day {rom a well Beld supplying
the capital of Dodoma, in the Makutupora Basin in central Tanzania. Individual borehole
deliveries were up to 500 m¥hr, Abstraction was increased to about 30 000 m¥day in the eazly
1990%. Technical problerns, & few vears lager, lead to a reduction in the ahstraction rate. iditrate

concentrations rose from about 10-20 wg/lire to about the WHO limit of 43 mg/litre, and over
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Figure 1. o) Schematic representation of the Merti shallow and deeper confined aquifers b) the
situation with heavy pumping, cansing drawdown around the abstraction borehole allowing

{comiaminated) shallow waier to enter and mix with waier from ihe deep aquifer.

V v Y

shallow aquifer

100 mg/litre, in some of the boreholes. Nitrate concentrations drapped to eatlier values, by the
late nineties. Changes in land use were blamed for the nitrate pollution, prompting relecation of
villages, and closing of an agricultural scheme.

Figure 1{a} schematically shows a botehale cased through a shallow aquifer. separated by
clay layer from a canfined groundwater supply from which the water was being abstracted at a
high rate. The tritium isotope data indicate that the deep aquifer had 2 residence time of at least
200 years, with recharge at the neatby Chenene Hills,

The radiccarbon data showed an even longer time-span of several thousand years, so shart-
term concentration changes could not have eccurred in the confined aquifer, and this would
have needed enortnous amounts of nitrates. An alternative model is shown in Figure (k).
Pumping creates a cone of low pressure avound the upper section of the borehole, with upward
flow cutside this cone. This cone, caused by excessive abstraction, draws in the pelluted water
from the shallow aquifer. This input decreased with lowered pump rates.

The isatape siudy demonstrated that the selwtion to this preblem was 1o reduce pumping

raies, and to increase the number af borghotes in the field,

FLOOD IN THE AUOB RIVER, NAMIBIA
The second example refates to groundwater contributions chserved during a rare floed of the
ephemeral Augh River in the arid/semi-arid south-eastern Kalahari of Namibia. The food

resulied from an exceprional ramy season during 1999-2000 that saw widespread flonding in
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Figure 2, Table isotope diagram for reinfell, groundwater and river water at Stampriet. Rainfall
valies span a wide range along a regression slope of 8. Groundwater shows a more limited
range along a slope of 5.5 When the regression line for Auob flood water AC, with siope 6.2 is
extrapolaied, it intersects the most enriched values of groundwater at B.

-1

~130

sonthern Africa. Stable isotope values of daily samples of the Awch flood water at Stampriet,
taken berween 29.02. 2000 and 1032000, plot on a regression: 2H=5.2 180.20.1 (Figure 2).
The slope of the regression line AC (6.2 is too high to result from river surface evaporation.
The comrelation coefficient of 0.999 suggests mixing between two well-defined sources. At low
How, the stable isotope values (at C) resembled those of groundwater. With a [urther, major
downpour, the peak of the flood gave values close to rainfall, to retorn as the flood subsided.
If we extrapolate AC to the intersection with the regression for shallow groundwater at B as the
ane source, and take the intersection with the rainwater regression & as the other we conclude
that at C up Lo 45% of the water carried by this ephemeral river in an atid environment — ¢ven
if tempararily - was actually groundwater. This is a unique situation, probably never reported

elsewhere.

A RESOURCE DISCOVERED, LIMPOPO PROVINCE, SOUTH AFRICA

The study in the Limpope Province was a continuation of a South African national project under
IAEA regional programme RAF/8/029, in cooperation with DWAF and the WRC. Figure 3 shows
a schematic gealogical section of the Taaibosch Karco graben, with metamerphics in the north,
and mountains with older sediments in the south,

The criginal hydrogeological medel was of groundwater in the superficiat basalt A, recharged
by rain and mountain ranofl in the sourh flowing northwards and draining inte a regional Tault
zone B. The isotope study showed that recharge to the basalt was only a fraction of what had
been azsumed in the model. The underlying sandstane was not expleited as it was deemed to
be a poor agquifer. However, the isotopic and chemical signature found in some bereholes along
the Thsipise fault resembled closely thar of groundwater at the foot of the mountains 20-23 km
1o the south. This led to exploratory drilling into the deeper sandstone. High yields of good
quality groundwater were encountered. Although isctopic data showed a residence time higher
than in the basalt, further work indicated that the sandstone was an actively-recharged and
more consistently high-yielding aquifer than the basalt. 1t is now being further investigated
as a regional water supply. Some of the exploratory boreholes are already being exploited for

emergency relief 1o a nearhy town.
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Figure 3. A schematic geologic section of the study are. The original model assumed flow in the
basalt A only (stippled arrows} and druinage through the Tshipise fauit B. The isotope-based model
(bold arrows) points to recharge to the more productive underiying sandstone C mainly through
infiltration of runcff from the moumiain, with upwelling along fault zones
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THE PRESENT SITUATION N THE FIELD OF ISOTOPE HYDROLOGY

The CSIR, in the last two years, has curtailed its formal programme in isotope hydrology, and the
€GS closed down its entire light isctope section. The WITS laboratory and staff have been handed
over to the national accelerator facility of iThemba LABS, Gauteng, The present situation is cause
for concern, because there has been a considerable reduction in national analytical capacity, and
the field of isotope hydrology is moving away of from its academic, earth science associations in
South Africa. Additionally, there is no new generation of trained scientists whe can be champions
for the field.

There is no remaining programme for education, training, and information, in order to ensire
continuity of awareness of isotope hydrology techniques amongst hydrologists and competent
practitioners in the feld.

Organisations such as the JAEA and UNESCO's International Hydrological Programme (IHP),
on the other hand, emphasise the need for, and give support te, academic education and training
in, the field of isotope hydiology. There is a need for the hydrological community of all sectors
in South Africa to wake stock of its needs for, and capacity in isotope hydrology, a5 an essential
companent of water resources devetopment, management and conservation.

Of at least equal importance, it has to muster support for, and assist in developing academic
programmes in this field, in terms of research and manpower capacity building. These issues
are of importance also in terms of regional development. South Africa represems the butk of the
analytical potential and expertise south of the Sabara, and should be able to assist in mManpower
capacity building in the region. The presenter was favited te join 2 small working group on an
[HB/UNESCO initiative entitled: Ground Water for Fmetgency Situations {GWES). This propagates
the use of groundwater as a pivotal resource for disaster preparedness, and sees isotope hydrology
as an essential component in identifying, evaluating and managing such resources. South Africa
should play an active rele in this initiative, both in the national and regional interest.

We also have the International Program for Isotapes in the Hydretogical Cycle. This program
is run in co-operation with other UN organisations {WMO,; UNESCO) and scientific institutes in
some of the IAEA Member States.



SESSION 4 INNOVATIVE APPLICATIONS TO ADDRESS WATER RESCURCE MANAGEMENT ISSUES iN AFRICA

The goals of this initiaive are two-fold. The first is to fully integrate isotope hydrelogy in
water sciences at universities world-wide. The second is to establish {through the UNESCOYTHP)
national commitiees on isotope hydrelogy, 1o facilitate the application of isetope hydrology in the
water and climate sectors of member states.

The initiative was presented and endorsed by the Fifth Joint UNESCO/WMO International
Conference on Hydrology, held in February 1999, on the scope and objectives of this initiative.

SOUTH AFRICA NEEDS TO RESPOND

South Alrica has not sulficiently availed wself of these imitiatives, 1o stimufate and support
education, research and development in isotope hydrology for its national and also vegional
requiremenss. Following a growing awareness in the 90', there is at present 4 more lmited
appreciation of the use of isotope hydrology in South Africa. Laboratories receive tequests for
analyses on an ad hoc basis, originating mainly [rom minor private sector conzacts, with little or
no possibility for scientific input. Initiatives for research and development, up to fairly recently,
have come largely from individuals and research groups. The few remaining experienced -
mainly tetired — individuals, who have international recognition and contacs, can and should
be utilised by national and government entities (DWAF, WRC, NEF) to revitalise this erstwhile
vibrant and productive feld.

The country needs 2 new generation of isotope hydrologists, who could 1ake charge of existing
isotope hydrology facilities, and hydrogeologists, with a good grasp of isctope hydrology. The
Warer Besearch Commission, in cooperation with the Academy of Science of South Africa, can
provide the [ramework, through which initiatives in this regard can be launched and supporied.
Education and training, at university and technicon level can use the existing (and ageing}
expert manpower Lo the full, to se1 up and launch isotope hydrology courses in earth science
and engineering faculties. These will initially require external support, until taken up in the
mainstream curricula. Scholarships should be available for post-graduate siudies and research
in the field of isotope hydrology.

There should alsc be coordination, stimulating closer cooperaeion amongst existing analytical
centres and between them and academic institutions. Excellent wehicles would be major
national, multi-disciplinary research programmes. As lor development, stock needs to be taken
of existing Facilities, and their equipment and manpower needs assessed, and a plan devised by
which the optimal configuration or cluster of facilities, groups and educationftraining is put in
place, 1o service not only the needs of the RSA, but those of developing Alrican seates.

A large proportion of isotope hydrology endeavour in Africa has in the past been coming
from outside the continent. It is imponant that an indigenous African network for cooperarion
in the field of isotope hydrology should be established, to build a tradition of Africa finding
solutions te its own problems. This should include support lor, and cooperation with, sub-
critical analytical facilities in some states. We should stimutate information, publicity, and
seminars, (o create public awareness in the private, professional and gevernment sectors, We
need a national commiree on isotope hydrology. This could be a fitst step, as visualised under
the THP initiative.

Madam Chair, 1 thank you, and through you the WEC, for the opportunity to express my

concerns al this forum

DISCUSSION

Question (Tungaraza): I know the locardion of your studies in Tanzanta. These problems are
rooted in {a lack of} coordination. The manner in which boreholes were installed, with the

screens al various levels, took only the question of maximised yield inw accoum, regardless
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of water quality. One would have hoped that there was wisdom gained from this error, but
this activity continues elsewhere, even it Dares Salaam, where there are 300 boreholes, and
a student is even researching the sitwation for a PhDY It is the engineers that drill the holes,

and the government does not use the reports thart are available to them.
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Mine Water Pollution

Mikisi Lesufi, Environmental Adviser, Chamber of Mines of South Africa
E-mail: nlesufi@bullion.org.za

An overview of this presentation is as follows. I will deal with mining in its historical comext, its
econamic legacy, its social legacy, and its environmental legacy. T will then examine mining in its
current context, and factors that determine mining water quality impacts. Associated therewith
are the site-specific issues, corparate policies, and regulatery framework.

We need to examine mining in its historical context. The positive legacy is that mining played
acritical rele in South Africa’s economic development. Johannesburg rose from a mining camy, o
a major African city. The negative legacies have been social issues. These include labour relations,
with social and occupational health issues. Another negative tegacy is mining’s environmental
footprint, with land and soil sterilisation, biodiversity degradation and water impacts. There have
also been the regulatory and corporate inadequacies,

in current context, we now have regulatory {and legally enforceabled drivers (MPRDA —
Mineral Resources Development Act), approved EMP {Environmental Management Programme),
adequate financial provision that will include fnal closure plans, post closure issues, The
Mational Water Act, water use licence authorisation, GN 704, M series operatian guidelines, hast
practice guidelines, other legislations (NEM4, OHSA and more), carpaorate pelicies, and public
pressure,

The following factors determine mine water quality impacts. There are the site characteristics,
amount and type of material being moved, the deprh of the depaosit, the chemical compasition
of the ore and surrounding recks, and the extraction process, together with the environmental
management practices and business philesophy.

Impacts can include effluent discharges and acid drainage, pgroundwater alteration or
comtamination, the presence of hazardous wastes and chemical residues, and the handling of
hazardous cheemicals, safety practices, workplace exposure, including nuclear radiation,

Water pollution seurces can include drainage from surface and underground mines, and
wastewater and beneficiation. Acid mine drainage (AMIY atises from the interaction of acids and
metals. AMD occurs in underground and at surface workings, and in tailings dams. There are
consequent negative impacts on the ecology of water bodies and there is bis-accumulaton, which
can ascend the food chain. AMD also impacts upen undergroand water resources.

Acid mine drainage eccurs when sulphide minerals in rock are oxidised, usually as a resalt of
their exposure to moisture and oxygen, as a result of the mining process. Products are sulphates,
mobilised metals, and acidity, which can have variable environmental consequences. It is
therefore of wtmost importance o the mining industry to know the characteristics/eapacity of
waste rock, overburden, pit walls, pit floor and tailings, and their propensity to generate acid
mine drainage. Then, therz is the issue of tailings and slimes disposal. Leachate arises fram
the accumulation of moisture or rainfall, Water percolates through slimes, and ingresses tnta
groundwater. This impacts on recharge, aquifer pollution, surface water run-off, that has high

salt and mejal concentrations. There are retuin water dams, with ingress, ranelt and overflows.
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These elements impact upon the hydrological cycle, through surface drainage. The preventative
measures that have 1o be taken are the planned siting of dams, considering prevailing geology
and geography, that may influence the degree of potlution.

Tailings contain metals, minerals and other chemical residues that arise from the extraction
process. It may be a mud, or a sherry. Bound contaminants are raken up into the waier, and
can include elements such as cadmium, zine, and arsenic. Tailings dams can be very large,
and have a negative aesthetic impact. They require continuous management, and present a
poeentially serious safety and environmental hazard, An example is the disastrons collapse of the
Merriespruit taitings dam in 1994,

Effluent discharges can inchude sediment, disease-causing agents, eutrophic nutrients, srganic
chemical loads, inorganic chemical 1oads, radioactive matertal, and thermat pollution.

Mining uses return water dams, to allow for the concentration of salts. These dams have
impermeable liners, to prevent surrounding soil ingress. Dams ailow for recycling of water. There
must be optimal management of any dam, to prevent groundwarer and surface water poliution,
There must be suHficient freeboard, to avoid accidental overflew, and surface run-off,

Evaporation pans can be used to decrease wolumes, to be treated, by concentration of the
salts. They have to be carefully designed, with impermeable liners, to avoid groundwarer
contamination. They are not favoured by Government Depariments, being perceived as
unsustainable and an unacceptable environmental risk,

There is the master of groundwater salination. Groundwater salination toad will depend upon
waler movement, time-frames, rock types, temperawre, and salt load of the recharging water,
Groundwater salt concentrations are typically much higher than those of surface water, Where
the dissolved solids prevail in adequately low range {(sometimes constrained by solubility limits)
water can be used for many diverse applications, such as househeld, agricultural and industrial
use. There can be occasional natural processes that may lead to high salt concentrations.

There are problems that can be associated with holdings and shafts. They can create a point
of ingress for groundwater. This will impact on recharging groundwater volumes, rising water
levels and surface decant, together with increasing concentrations of contaminants in the ground
water,

Processing planes present their own problems. Processing may use hazandous substances that
through improper management can leach to the groundwater system. Bicremediation can provide
a treatment, provided that it is appropriate to the problem. Processes can require high water
consumption, leading to resoutce depletion. Water discharge may have elevated dissolved solid
content, and this will increase salinity in receiving water bodies.

Solid Waste can create the folfowing problems. Cpen pit operalions produce more waste than
underground workings. Heaps of mine waste (and taitings dams) occupy vast areas of land. They
disfigure landscape, as can be seen along the Witwatersrand geldfields. Wind turns these sites
inta dust pollution sources. We are fortunate in vhat there are regulatory mechanisms that cover
alt these matters.

Abandoned or “orphaned”™ mines create problems that are a contentious issue in South Africa,
The corporate veil is used to absolve responsibility for their existence. The problem of aking
over management of these sites has to compete with other social issues, such as unempleyment
and housing, for attention. Abandoned mines are no longer operational, properly managed, or
rehabilitated. As a result, they canse significant environmental and social preblems, for which no
responsible party can be held accountable.

There are risk management approaches. When the economic performance is poor, a mine
relies only on minimum compliance. With improvement, it will try and identify inherent risks,
and make the necessary provisions. When everyihing goes well, only then will it implement
comprehensive and sustainable practices. Many mines are categorised as marginal, and they cut

comers, wherever they can.
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DISCUSSION

Question (Mvundika): You talk of an envitonmenial management plan, which must include an
amount of money that is committed (o rehabilitation. How is this done?

Reply: Before there is any mining activity, there must be an EIA. This repott is then submitted
10 the various relevantly responsible government departments. Unaddressed issues are raised,
with the request that they be addressed. Alter this process has been completed, the company
submits an environmemal management programme. This is a set of commitments as 1o how
impacts will all be managed. This is costed at two levels. The first is concerned with on-going
rehabilitation throughout the mining process. The second concerns that, which will remain at
the end of the economic life of the operation, and will require rehabilivation. Theve is an income
tax regulation that provides for contributions, throughout the life of the mine, for planned
closure, and post-closure impact management. There is also the possibility of (unplanned)
impact at any time. They have to be quantified, and adequate financial provision made for
them. If it becomes necessary o close tomerrow, financial resources should be adequate to
meel the costs of such decision. This could be in the form of a cash guarantee from a bank, or
an insurance cover. This is applicable to all new mining operations. Old mines, existing before
these regulations, now have 10 provide the Depariment with a programme, that will, in time,
get them to a point where these abovedescribed guarantees can be met.

Question (Dia): Africa has many mining activities to manage. I have problerss with respecting the
commitment of mining companies. An environmental management plan is required, whern a
licence application is submitted. Bur the mining companies sometimes show no respect for these
commitments, and the State ends up having to close the mine. Rehabilitation of these open
mines is a large liability. What is your coordination between the mining and environmental
sectors, and the water resources administration?

Reply: EMP is reviewable on an annual basis. The Department of Minerals and Energy, and
the other relevant government departments, each year, have to visit the mine, and andit
implementation against their plan, Corrective measures are taken, if pledges have not heen
met. Any decision on state closure of a mine has to depend on an assessment of current and
consequent impacts, in terms of type and their extent. Mines are sometimes allowed to poliute
on a controlled basis, this being regarded as the lesser of several evils, which may include a
lay-off of many employees on closure. We had a case, where new ownership of a "bad” mine
brought about a turn-areund, and it is now a clean, responsible and successful operation. This

underlines the importance of corporate ethics.
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Governance as a Trialogue

Hanlie Hattingh, Water Resources Competency Area, CSIR
E-mail: hhattingh@csir.co.za

1 shall explain why the CSIR has decided to examine governance, specifically with respect to the
water resources groups. | shall elaberate on the development of the governance Trialogue, and
how we interrogated this governance Trialogue. 1 will deal with the ouwcomes and will examine
some research themes. T will expand on {these new} CSIR Research Focus Areas, our vision, and
Ut Tissict.

One may ask, why governance? We were in the process of formulating governmem depanmental
policy during the fiscal year 2003-4, specifically for the Department of Water Alfairs and Forestry,
when they identifted implementation as a major outcome. We started investigating ohstacles to
what would be expected 10 be the normal processes of implementation. We identified a number of
abstacles, both strategic and tactical, but the major problem was the lack of understanding of the
coticept, givernance, We consulted literature, and spoke to peeple, and concluded that the term
was vaguely defined. In response, we have developed a proposed Trialegue Model for Governance,
to specifically apply to ecosystem and water governanze,

The proposed Trialogue Model consists of three “players”, these being Seciery, Government,
and Science, Each of the “actors™ has processes and interactions that ocewr within their domain.
Science involves knowledge generation, and the narural, pelitical and social science interactions.
Governient involves rule-making, rule application, and rule adjudication. Society invelves
frself, the economy and the envitonment. This constitutes three main active clusters, with their
underlying and respective processes. There is an interface between ach of these active clusters,
and has more importance than the clusters, themselves. 1f the interfaces de not perform their
role, there will be no governance. The quality of gevernance will be determined by the quality of
interaction along these interfaces.

The Model is valid for all locations, world-cver, but may be distorted in proportions, according
to specific lecal circumstances. Different examples could be a young democracy, campared with
a mature democracy. The mawre democracy has already defined “rules of the game”. The level aof
econemic development could be a skewing facior, as well, as in a poor ecanomy, basic needs are
perceived as a priority.

We needed to test the Model and thus convened an International Sympesium on Ecosystemn
Governance in 2005, The focws was om nainral resources, hut excluding activities, such as
mining. There were eighly national, regional and inernational specialists present. Papers that
interrogated the Trialogue Model were presented. Twe international publications arose from these
contributions.

Most participants accepted the Model as being viable as a basis for further development, and
it can be applied in werms of pelicy development, implementation, and protection of natural
resources. Honwever, a number of questiens were raised concerning the Trialogue Model and
hypothesis. Questions raised were:

N What are the balances that will constitute good or Jad gevernance?
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B What constitutes the differences in the balance, when one coImpates one saciety or nation with
another?

W When the model is applied in different site-specific situations, in different ccuntries, one finds
that there is a need to account far different power relationships.

We further asked contributors to develop a research agenda for ecosysiem governance, based

on the discussions during the symposium. Ten research themes were identified. The specialists

raised rescarch themes, as well as specific questions asseciated with governance, at internarional,
national and regional levels. Themes that we re-identified are:

B Define governance, and explore the tink between social and ecalegical systems more explicitly.

W Ground water governance is a huge area that needs investigation. There has been very linde
prigr work, especially with regard to trans-boundary issues.

B Commanication was identified as a major theme, as well as how interfaces are generated,
considering the varied perspectives held by different role plavers, as regards governance,
How can scientific information be effectively communicated to others, in all eleven official
languages?

M There needs 1o be an integration, and a shared understanding of values and objectives. How do
we integrate traditional knowledge with formal knowledge systems?

W There is focus on sustainable livelihoods. There must be planning for disasters.

8 Then there is the question of indicators, and thresholds. How do we measure geod or bad
governance, and how do different site scenartios affect such assessment?

B There is the issue of participatory decision-making.
B The last pomnt is leadership — without leadership, any initiative will fail,
Lwish te spend time on the current activities of our new CSIR group. Our viston is to be the world-
leading research group in sustainable implementation of integrated water resource management,
for the equitable benefit of all in South Alrica and Adrica. Our mission is to conduct waorld-class,
goal-directed, trans-disciplinary research and technological innovatien, with pariners and
stakeholders, in the feld of integrated water resource management, 10 centribute 1o the social,
economic and environmental improvement of South Alrica and Africa,

The group currently focuses on:

transboundary governance {1 Phid),

groundwater governance (1 PhD),

integration, decision-making and values {2 PhDs),

issues of scale (2 PhDs),

linking socie-ecological systems (2PhDs),

cormmeanication and learning systemns {1 MSc).

DISCUSSION

Question (Dia): Do you think that you can facilitate dialogue between scientists and politicians?
We need the adwice.

Reply: Qur waler resoutces governance systems group is made up of natural sciemtists, social
scientists, anthropolegists, and political scientists. [T 1ol time to communicate at a commen
level, The magic formula is not there. We conduct workshops, and they enrich one another,
through hearing cach one's perspectives. This aids in finding common goals. The process is
trans-disciplinary, and open.
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Sanitation options

JM Bhagwan, Water Research Commission of South Africa
E-mail: jayb@wrc.org.za

My area of respensibility is in low-cost water supply and sanitation. Low-cost sanitaticn is a
challenge to all developing counities, and this is the facus of my address. We work against huge
backlogs, which create health and service issues, and knock-on effects on environment and the
economy. There are rargets wo be met, and we face unintended consequences in the process ol
gening there, particularly when fooking at conventional technology, as an option.

1 quote from Fran Ben Joseph - Sanitation Standards ard the Skaping of Cities: “The paradigm
of sewer infrastruciure shows that dependencies on past decisions prevent the application
of alternative technologies. Historical decisions about the methods and systems for sewerage
collection have locked our current practice inio a specific mode of operation. Such a situation
means that ecologically appropriate alternatives are rarely adwvanced as options before decision-
makers, and therefore cannot gain wide acceptance™

We are trapped by the notion thae there is only one oprien, disregarding other technological
options as viable alternatives.

1 olfer another quote regarding the sanitation standards and the shaping of cities. *We can
discover a difficulty in rightly judging the works of a city in the face that innovations or changes
are frequently resisted by those in charge, etther from a force of habit, adhering to ofd customs, or
Irom the inconvenience of altering existing laws™. The author is Rudolph Hering, 1881, in Report
of the Results of an Examination Made in 1880 of Sewerage Works in Europe. This is the common
erap of habit. First world standards, applied te third world sitvations, can put service delivery
beyond the reach of many citizens.

I show a picture of a ventilated improved pit (VIF) larine, and Archloo, a VIP latrine
constructed from local materials, and a urine-diversion toilet. The next slide ts of Ascaris round-
worms, and of tape-worms. This four-year old Kenyan gir, on deworming, veoided this encrmous
mass of roundworms. The next is the life-cycle of the Schistosomiasis (hilharzia) pavasite. There is
elephantiasis from microfilaria. Flies are disease vecters. These ate all related to sanitation (or lack
thereol}. When talking of sanitation, there is a tendency to focus on the facility, alone. Sanitation
is about improvement of health, at individual and public level, and of the environment. It is about
breaking of the so-called faeco-oral routes of disease transmission. About $0% of human diseases
originate from faeces. Water is a medium for 15% of these illnesses. Hygiene and sanitation age
thus paramount. Sanitation is about improvement of sanitation facilities {the toilet), hygienic
behaviour, water drainage (including greywater and stormwater}, creating awareness, dignity, and
health improvement.

Sanitation approaches can be divided inte two echnologies. There are the dry, on-sie VIP
unils, and derivatives (composting and anaercbic digestion systems), being the more “patuzal”
exploitation of faecal disposal mechanisms. It is slow, but does not require water, and is suited
to the individual howsehold. On the other hand, there are the wet systemns, such as septic tanks.

Off-site wet systems include waier-borne sewerage. This is commonly aevobic, and more rapid,
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and controllable, attaining acceptable efffuent quality. It is more communal in nature, and requires
large volumes of water, both in terms of supply, and disposal, and only oflers economy in terms
of scale. Public health benefits of these reticulated systems have been proven over the past 200
vears, There are troublesome consequences in the developing countries, howevet. Poor decision-
making and support leads o inoperative treatment works. We see water supply, withow the
essential drainage. We see overflowing sewers from poor operation and maintenance, becoming
a general and unstructured disposal conduit for all sorts of waste, including solid waste, creating
hoth a health and environmental hazard. 1 show an example of a sprawling settlement, with dry
sanitatien, where cramming offers ne space for a second pit, and there is no access for equipment
10 desludge these units, when they are [ull. There is hazardous leachate running down the streets.
These are the unintended consequences of failure to plan ahead, often through having w acceed 1o
political pressure. There are problems with poor construction and workmanship, problems with
access fot service equipment on steep slopes, and poor education, which leads to abusive damage of
a facility.

Our ohjectives are to provide a sanitation service that is acceptable, reliable, environmentally
cafe and sustainable, does not conraminate water, is affordable 10 both the household and the
municipality, has operation and maintenance requirements that are manageable, that suppovts
good public health, and provides appropriate, affordable and acceptable sanitation in the poorer
unserviced areas.

There are challenges. Sanitation intervention, and technology choice, is influenced by
sustainability, affordability, environmental impact, wser acceptability and demand, frances,
political walue, and available technology.

The challenges in these developing areas arise from inadequate finances for capiral
infrastruciure, lack of understanding of the technology and its use, lack of competency and
capacity, problems with affordability and cost recovery, fragmentation of technologies and their
function, tack of operation and maintenance, lack of cominuniey participation, where uniform
levels of service is inappropriate, and there is poor institutional support, and preblems cheosing
the correct technalogy. There is also usually a lack in user participation. This is a problem that
exists in all developing countries, and not onfy in South Africa.

Poor or rich, what to people want? It is the convenience of “flush and forget”, as well as the
status that this brings.

Options can be placed in four quadrants. One dimension is off-site, or on-site. The other
dimension is wet or dry technology. Off-site wet systems are the conventional water-borte
sewerage installations, the intermediate (Brazilian condominial) shallow sewer systems, and the
small-bore systems {septic tank e{fluent drainage systems), ant vacuum systems, that minimise
water requirement. Then, there ate the off-site dry systems, being bucket systems and chemical
toilets. There are the mare advanced on-site dry sysiems, such as dry digester unies (VIP &
variations), and desiccating / drying (urine diversion systems, and composting) installations. On-
site wet systems are septic tanks, conservancy tanks, wel dipesters, and custerised packaged
planis.

The emerging issues are as follows. Current approaches are very civil engineering orientated (in
a narrowly focused sense). Research s “north (European} orientated”, with less focus on “needs
of the {undeveloped African) south”. Project manageinent style compromises the comtnunity and
household-based approaches, and their engagement. Sustainahility is overlooked (what happens
when the pit is full?}, with no forward planning for operation and maintenance. A ten-year design
fife can be the norm. These all, in time, have future consequences on environment, and on public
health.

This is my view of what fuwure focus chould be on low-income areas, in terms of rechnology
choices. Technology should always consider the situational need. We have the alrernating twin pit

urine-diversion ventilated lawrine, and its derivatives. Tt is suitable in situations where there is only
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a 25 litre/person water allocation, and where correct institutional support for this technology is
available. As an on-site sanitation technology, it has a longer design life, and has easier access for
faecal desludging, drawn from the allernaring chambers. We have developed some of the Mexican
concepes, and created hybrid and more permanent lacilities, with municipal desludging being an
adopted requirement. Dense low-income areas with adequate water supply (>530 litres/persen/day)
are amenable to the aforementioned Brazilian condominial sewerage reticulation, especially if
drainage is an issue. Advantages are lower cost, the same user convenience, and its Hexibility is
more suived 1o unplanned areas.

I end on the topic of hygiene education. Experience teaches us that we need to do more about
hygiens awareness. Hygiene education is not about coercion. Hygiene education is that intrinsic
component of water and sanitaion, which provides vsers with knowledge that will bring about

beharior change. It is not the same as health education.

DISCUSSION

Question (Dia): Have you any pre-emplive of anticipative process regarding problems with
informal setilements, their initiation and growth?

Reply: From the standpoint of the WERC, no, but the Department of Water Affairs and the
Department of Provincial and Local Government, with the Dreparttnent of Home Affairs, have a
programme that studies these trends. There is a rural migration o urban fringes. These people
come from a rural poverdy situation, ente municipal or government owned land, these locations
being easy points of entry. There are emerging entreprenenrs that tend to trap these people,
and expand these settlement areas. As governument finds proper housing for these peeple, more
artive, expanding the informal areas, even further. 5o, the backlog remains. There are dynamic
and economic factors, where peaple rent their allocated formal housing te others, and elect
to remain in the informal setflements. There is a department that keeps these matters under
obsetvation. Research shows that poor people £lece for unstructured settlement in areas that
are reserved for drainage, pipeline and power servitudes, where they have access wo water, and
drainage. Liabilities, legal and otherwise, arize on both sides, for both the service providers
and these who occupy these servitudes.

Question: | sez the advantages of the condominial sewage. Bur what are the treatment methods
used for this system?

Reply: There are a variety of options. If it is not mixed with industrial wastewater, then oge can
uze anaerobic batch reactors, sequencing batch reactors, which are low-energy-input high
efficiency systems, which will produce effluent of sequisite specification. 1f mixed and diluted

by ather wastewaters, then one needs to use trickling filters, or activated sludge basins.
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KNOWLEDGE CAFE
Identification of Water Resources
Management lIssues in Africa

Facilitator: Rivka Kfir

E-mail: rivkak@wrc.org.za

Kfir: We have listened to a number of presentations, from the different countries, and we have

heard many and various matters of concern. The purpose of the following session is o generate

list of issues that relate to water resource managernent. We will go around the table, each persen

being asked to submit an jtem that he er she believes to be one of the three most importane key

issues of concern. This can be either in the context of their own country, or as perceived, as a

consequence of what has been heard, thus far, ae this meeting. All these submissions will be noted.

The question is: “what can science and tesearch do, towards addressing these areas of concern?”

In terms of water resource management, it could be issues of quantity, quality, sustainability, or

equity, In terms of resource, or use, it could pertain 1o mining, dommestic, or other area, with the

attendant, and inevitable consequences of pollution and sanitation. Alter this session, we will then

re-group around three separate tables, and through interactive discussion, prepare a list of issues.

The compiled lists that were creaked are given below.

KNOWLEDGE CAFE — LINKING WATER RESEARCH
AND MANAGEMENT (GROUP 1)

Water research issues in Africa

Land use impacts*

Cliraate change

o Hydrological cycle

O Variability and extreme events

O *Eutrophication / algal-blooms, algal-toxins, water hyacinth
O Land-use planning - long term impacts on water resources
O Pollution of surface & ground water

Momnitoring systems

a Compatibility

O Remote sensing

O Cormpuler science

0 Economically optimal modelling system

Institurional definivion between Water Services provision and WRM

Funding for research programmes (*linked to Institutional technology. .. - see last buller)

Science / policy linkages / users / private sector f NGOs
Long term futuristic scenario building in WRM
Technological innovation for water supply and sanitation
o More cost effective

Mew technology for water storage in arid zones
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Institutional technical capacity / respurces / laboratories for data analysis (research
infrastructure}

Improved productivity of water in agriculture {water use efficiency for all uses)

Improved water and waste efficiency

Long-termm water availability and assessments

o Planning

Water pricing and true value of water

Environmental flow assessments

International convention sharing water

O Transparency equiny and peace

Additional:

Water Asset Management

Participatory approaches is research project cycle

Risk assessment — disaster, health etc

Guidelines and standards for water use and waste management
Gender toles in WRM

“Water and Energy e.g. jauroha, hydro-power

Managing ungauged rivers

Modalities for effective R&D (S&T) cooperation

Mobilising research funds

Research agenda has to be in line with continental partnersfregional/ local e.g. AU, NEFAD
— respective level issues

Active participation and co-operation with international bodies

Capacity building {rross-curting}

Metworking — water professionals

Mobiliey of researchers

Grounding post-graduate students in Africa (incentives for retention of researchers in Africa)
Scope for blue-sky research

Public participation beneficiaries involvement in defining research agenda

Funding for research programmes

Science ¢ policy linkages / users / private sector / NGOs

Dratabase of African Water Besearchers

African Water Research Facility to coovdinate reseatch

Creation of rentres of excellence to shave research expertise

MNational Research foundation per cauntry

Alrican water research nerwork similar 1o WisA

Strengthen role of Academy of Sciences — link researchers to policymakers

Water Lo furare more prominently in Academy of Science

KNOWLEDGE CAFE — LINKING WATER RESEARCH
AND MANAGEMENT {GROUP 2}

Water Research Issues in Africa

ol T e

wn

Data gathering for water quantity and qualivy

ieed for coordination of research {Naticnal, Regional, Continent)
Appropriate technologies (waler, wastewater, sanitation)

Hew Lo manage water with limited data

Holistic managemen of groundwater and surface water
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6.
T.
8
e

10
11.
12.
13
14.
15

{Interrelarionships) Environmental impact of anthropogenic activities (e g. pollution}
Climate change

Elficient water use: Industrial, domestic, agriculture

Elfective constitutional arrangements and frameworks

Infrastruciure and asset managememt of water systems: dams, canals, treat distribution
Gender issues

Ecosystem functioning

Water resource assessment and planning

Water atnd energy (solar, hydro, wave. )

Use of innovative technologies (satelliie, nanotechnology, membranes,..)

Maodalities for effective R&D |S&T) cooperation

1.

Wotm o W b

— = = = e
N =]

—_
whn

Research sharing and dissemination in Africa (society, website, newsletter, journal,
conferences...)

Networking — communication between researchers

African warer research facility (coordinate funding and research)}

Dratabase of Alrican researchers and research

Exchange programme {both prefessor, researcher and studend)

Creation of centres of excellence

Counery-based foundation for water research

Strengthen and mobilize the potitical will

Strengthen Academies of Science to mobilize the palitical will

. A unified African presence in international water research bodies
. Seurcing of funding withow donor agenda atached

. Improving research condition of researchers to aveid brain-drain
. Standardizing tnonitoring and other systems

. Strengthening of Intra-African capacity

. Enable blae-sky research

KNOWLEDGE CAFE — LINKING WATER RESEARCH
AND MANAGEMENT (GROUP 3|

Water Research Issues in Africa

Integrated Resource Assessment

Water quality and pollation

Climate change and variability

Appropriate echnalogies

Water pollution

Crver-exploitation of water research {sustainable use of watern)
Governance of warer

Cormpeting 8 interest — water allecation

Safe water

BDecision-making systems and data management — data gathering metheds
Knewledge application

Socio-cultural issues (participatiomn)

Environmental water use (reserves)

Management with limited data

Groundwater — surface water intcgrated management

Infrastruciure asset managemeant



Water asset management

Climate change and pollution resource vuknerabilivy
Risk management (disaster, health)

Hygiene education

Water supply and wastewater management
Participatory appraaches

Environmental impact Jor anthropegenic activiry
Water storage technology

Techniques for desalination

New or improved desalinarion technology

Sanitation

Medalities for effective R&D (S&T) cooperatian

Cooperative networking

Local and centralised coordination
Open publication {e-publication)
Infrastructure

Comnmonality of interests

Sharing of resources

Mobility of expertise

(Un)integrated management Suraciures
Easy acoess 10 resgurces

Focus of capacity building

Fetention of existing skills (Remuneration and 1raining, career prospects)

Champions in search of research excellence
#esearch findings — Linkage to policy-makers

Promoting science-tech culture

SYMPOSIUM 1. IS EVIDENCE OVERRATED?

Research plans - lobby decision-makers (interaction} — policy agenda (capacity importance aof

the acadermies enhances}
African Faeility for research hunding
Active participation in (viz} intemational programmes

Afvican Conference on Water

“WWho's whe™ of African researchers {database of some form)

At a country level — fund for water research
Centre of African Excellence
Exchange programimes

Standardised menitoring systems
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Capacity Building and Funding

Facilitator: Rivka Kfir
E-mail: rivkak@wrc.org.za

Kfir; In yesterday's three groups, we discussed modaliny, modality being modes of cooperation.
Do we need o itemise and prioritise this area?

Question: are modalities not the consequence of the research pricrities?

Kfir: Some modalities are generic. We need to idenutify commonalities that will worls in synergy.

Proposals were made for new labels ot categorisations. One of these would be an enabling
environment. Referring to Table 2, Issues, Medalities, one counld include poings 11,12 and
15, and add thereto, the grounding of post-graduate students in Africa. Items 1 to 5 could be
grouped as science and technical cooperation. These listings need clustering, o emphasise the
relationships of one o the other

Question {Dia): What is the objective of what we are doing? Will this be a message to the
authorities, or a message to the African members of 1AP?

Kfir: The 1AP Programme tries to harness the academies, world over, in the quest for research
capacity, and ultimately into water Tesource management. There are other Alrican initatives,
like NEPAD, that try 1o be centres of excellence, and foster research connectivity in Aflrica.
Thus, one should not focus on the TAP programme, alone, but look some form of integration
of the various endeavours that are taking place. This workshop can report on what we believe
are ways to improve water research in Africa, for better water management capacity. The idea is
that the IAP will carry this forward to the general Academy assembly, where there is collective
strength, where they have the ability to promote funding for some functional stricture, able o
tum wish into action, We are not simply here ko generate another document. We wish to exert
influence.

Cortesdo: This is a first meeting, &t which we are (rying o identify issues, and build and agenda.
AP, and most of the academies, will not undenake research, themselves. Their focus is on the
capacity-building of managers, bridging science and management, in each country, enhancing
wateT management capacity. Thus, i is important to identify where we are operating,
on a broader horizon. We can focus more on specifics, as we progress. The five objectives,
identified by LAP, are development of local capacity-building and water resources managernent,
newworking of researchers and managers to enbance water management capacity, improvement
of policy and decision-making processes, bridging science roanagement with government and
civil society, increasing public awareness on waier issues, 10 bring the major mternationa! water
pregrammes to the table, 1o discuss complimentary work with them, and 1o aveid irrational
duplication of effort. This is the visien, which should help us in our exercise.

Dia: I attended a meeting at Alicante (Spain}, at the close of which there was a call for action,
declaration, and endorsement.

Cortesao: There was an initial difficulty in settling the focus, with respect to the establishment of
the Water Propramme. One view was an integrated and holistic water-shed management, with

a discussion that concentrated on groundwater management. The prevalent view in [AP has
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been that a systematic view should be adopted. As capacity building is developed, then specific
actions on groundwater could follew, bue this would constitute a specific focus, The Alicante
declaration was not an IAP declaration. There is a defined process, as to how [AP issues any
declaration. Proposals are submitted to the board of the Academy of that country. Individuals
have subscribed, in their independent capacity, to the Alicante declaration. Individual
Academies may do likewise, but this particular declaration was nor an 1AP statement. It can
become one.

Dia: I know. What we need, is to voice the message from Alrica. We only had two African
countries at that meering.

Cortesao: That initiative was not organised by the 1AP Water Programme. The Spanish Academy
of Sciences proposed the activity, had discussed it with one of the co-chairs, and we accepted
it, with support, but it was net organised, initially, by the 1AP Water Programme, as you may
have seen by reading the invitation that was sent to vou.

Kfir: The WRC has been aware of these initiatives, and of the IAP Programme. We are
represented on NEPAD, as well. Qur DST started an initiative, a while ago, the QECD, that
dealt with capacity building. We invited Prof Tundisi from Brazil, to engage with the NEPAD
representatives. We have an imvolvernent with several initiatives, vet we ask whether there is
sufficient funding, in addition 1o other resources needed, to back all of these efforts? We need
te resolve this sitwation. With no research ability, there can be no capacity in management. We
are here to make some contribution, direcely to the TAP Water Programme. Kevin will take it
through to NEPAD, for Africa. Today's opportunity is better than that which has been provided
by other previous workshops. The African Departments of Science and Technology all interact
with NEPAD's science and technology inisiative. Looking at cur lists, are not all of these items
concerned with an enahling envirorment?

Comment: [ support and prioritise the idea of clustering. If we clusier too much, however, then
issues of specific action may become diluted. 1 recomimend a list of five, from each of us.

Efir: You may cluster, or submit a specific activity, as you choose.

Dia: T submit the foilowing: Creation of Centres of excellence; African water research metwork;
science policy linkage to user; mobility of researchers; strengthen the role of the academy.

Next contributor: Metworking, database {a sub-element thereol) of African researchers,
research sharing and dissemination in Alrica (groups, meetings, newsletters, publicationsk,
creation of Funding mechanisms at national and regional (continental) levels; African water
research facility/national research foundation for watet; strengthening the national academies,
mobilisingfinfluencing petlitical will (in an independent manner); linkages between policy-
mzkers; creation of a centre of excellence.

Next contributor: Creation of centres of excellence; mobilisation of research funds; capacity-
building {researchers and infrastructure... linked to centres of excellence); networking; sharing
and dissemination of information amongst researchers.

Next contributor: Research sharing and dissemination to be part of the Africa water nerworlk.
The othet points have already been covered.

Next contributor: Create a proper institutional lramework, al national Tevel, for research. This
includes coordinating bodies.

Tungaraza: Integrated management/locus of centres of excellence {addressing fragmented research/
implementation), multi-disciplinary integration, coordination of research facilities.

Cortesao: Foster tesearch conditionsfenvironment that counteract adversities of brain-drain,
under the vmbrella of creation of an enabling environment.

Kfir: We could deal with financial issues, but they are somewhat oueside our sphere of control.
We should focus on capacity building, for water resource management, as it is the key issue of
the IAP programme. Capacity building can mean different things of different people (students,

managers). We need to define capacity building for water resoutce management.
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Dia: We need a split. ¥e had a raining cougse, called the Lake Victoria tropical management, and
we had many managers, with monodisciplinary training, and little knowledge of the catchmeni-
integrating factors. The training needs (o be interdisciplinary, 1w open up their minds, in terms
of new solations.

Tungaraza: 15 reseatch not part of capacity building, through the gathering of knowledge for watet
resources management (WRM)?

LContributor: There will be the overall policy of WERM. Within this will be the research, training
and management (decisicn-makers) components.

Cortesdo: One needs to increase public awareness and participation in policy-decisiens. Thas
should also cover operators and plant managers. This could then be integraced with centres of
excellence, which would provide an environment for networking of researchers, related to the
capacity building in water reseatch, provision of maining courses (managers and operators},
developing acivities to enhance policy and decision-making, as well as public awareness.
These would all be better articulated through these centres of excellence.

Khr: Do we net have w build capacity in government for technical capacity for monitoring skills?

Cortesdo: This depends on the country. It will be the gevernment in some, by universities in
another. Databases are consequently scattered, withour a commurnication nerwork.

Khr: University darabases are aimed a research, and not necessarily aimed at WEM. 1t is not the
source of information that is commenly used by povernment for decisions regarding WRA.
Olago: Operators work with (non-technicall managers, in order o implement policies at ground
level. In Kenya there is a strong case for building techinical capacity in laboratories. They have
had no further wraining since their higher national diploma, ot BSc. There kas been no exposure
1o latest technology. There is a lack of proper wraining in instrwmentation, and lack of support
for instrumentation in warer quality labotatories. This needs 1o be another bullet to the centre

ol excellence heading. Laboratories can be national, of private.

Tungaraza: With reference to the managersfoperators; they embrace the technical laboratory
technicians? We are dealing with WEM, Many of those, who are responsible, do nat need
laborarory facilities, bur are active in the field. Operators include all those involved in the
activities of WRM,

Kfir: The works and plant operatars (water services) may rmonitor their own operations, bur we
are considering a different inseitution, where at a government level, there are informacion and
databases regardimg water guantity and quality, at national, and not local Jevel.

Dia: If you consider Senegals framework of management, there s the ministry, then a national
cotmpany, who must elaborate on pelicy. Then there are the technical departments, in which
there are the engineers, who monitor all projects. There may be a private company, in charge of
distribution, and a technicat department that has to underrake the monitoring of the operations
of this company. Moreover, it has e report compliance or non-compliance with standards
thar have heen set. The role of these bodies has o be emphasised. The role of the manager
and the technician in monioring is different. They have problems in the execwion of their
responsibilities, through lack of capacity,

Kfir: it is an issue af monitoring, regulation, and enforcement, at all levels, and can extend o
matters such as public awareness in water conservation. Do we need cross-cutting capacity
building in government? What is our role?

Commeni: We should not lose emphasis on water research, a5 a prime focus.

Efir: If we produce sufficient students, does this create 4 mobility of these people o government,
to populate this level to an adequate degree?

Commtent: In the short term, ne, but in the long term, yes. The current responsibility is water
research with its supporting portfolic.

Cortesdo: This is correct, in a sense, in terms af what the role of the academies should be, in

terms of fostering water research in each of the countries. But there are two discussions.
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One is the need lor development of capacity building, with several initiatives in action, from
the TAP Water Programme and each of our own institutions (universities, and so on). The
other is unclear. The 1AP Water Programme will not fund research, per se. We could have
specific research, or even a study, developed on WRM or development of capacity, as well
as water resources research and management, though 1AC. This serves as a background
to our discussion. AT will not develop a training centre, or a centre of excellence. This,
along with other local institutions, will be the domain of the best strategy of that country,
either 1o develop existing facilities, or initiate additional cnes. These institutions will have
their own research priorities. The IAP Water Programme can focus on capacity building in
management. This has 1o be integrated with the capacity building and research that will
have to be done, not by 1AP, bur by the institotions.

Kfir: There was a workshop in Brazil. When they spoke of capacity building in {water resource)
management, what was their approach?

Cortesdo: The other workshops had an understanding on an action in capaciry building fot
managers, operators, on techmical monitoring, regularors, and on initiatives, (o increase
public awareness or address policy and decision makers. This would be developed within
the programme. This has to be anchored on the requisite water research, which will not be
developed by IAF, or by the academy.

Kfir: If we need capacity building (for WRHM), what is it that we require, to achieve this (in human
termsi? Pick three issues. What is Africa's initiative towards the IAP Programme, through
cooperative struciures to build WRM in areas other than in vesearch?

Tungaraza: There needs o be mulidisciplinarity in the compesition of those involved. Data
collection and management must be in the hands of those who are able and informed in such
martets.

Kfir: Bur what can we do to make this happen, at LAF, that there will be capacity, in our counery, for
WEM? This nmst come from our side, not from elsewhere. Training can be multidisciplinary.

Cortesdo: This will be a cross-cutting issue.

Tungaraza: | put forward {routine} analytical skills. The last point is general knowledge on water
science, relating w pollution, interactions, and other factors thar affect quantity and qualicy of
available water.

Rugnmayo: [ focus on courses on WERM. Long courses will include M5c and Phi,

Cortesao: 1AP will foster the creation (compile curricula) of postgraduate courses, bat will net
implement them.

Rugumayo: Would you finance study?

Cortesdo: Not from TAP funds.

Rugumaye: Workshops and serainars will build capacity.

Comment: Sharing of information, through purpose-written publications and research briefs,
with managers. We can provide them with a list of expert consultancy services (water expertsl.

Comment: I have cne item, a short course on ELA methods, and major {recent} developments in
the feld.

Comment: Mobilisation of funding resources, for capacity building. This invelves the academies.

Tungaraza: This is a dilemma for academic instiwtions, having to solicit funds for enabling
governument institutions {the water managers). It is possible at the collaborative research level.

KBr: But is this nen different, in being action research, involving decision makers and practitioners?
It is nevertheless, as good point to record.

Dia: How do you involve the decision maker?

Kfir: We send them the proposal, and ask them whether they believe that the eutcome will be of
use to themn. They become part of the process and are obliged to atend {progress) meetings.
This retains some form of en-geing mutual interaction and understanding, between them and

the sciemtists.
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Comment: I ask about the involvement of decision makers. T thought that we were concerned
about butlding capaciiy.

Kfir: You build their capacity for involvement. They may first have to attend courses, for example,
before they can understand the nature of their involvement.

Comment: We have an example, dealing with adaptation options o drought. The district
coordinator for the area is involved from the start. We discuss implementable measures, how to
conduct pilot projects, and whar assessments should be done. His knowledge base increases, as
a result of this interaction with a whole range of other experts.

Dia: Facilitating researcher mobility through an international exchange programme.

Kiir: You need to build capacity between the decision maker and the operators..... not the
researchers.

Dia: 1 accept. The problem with deciston makets at technicalfacademic level is that they lack
common grounds for mutual wnderstanding, Training courses and seminars are needed, and
facilitating mobility meets part of the need.

Kfir: Some people in technical deparuments of the water wiilities also service chairs at the
universities. Some of you have also been in government. This exchange and mobility, in itself,
builds capacity.

Tungaraza: there is an overseas facility, where people from industry are invited to spend a short
period at a university. Individuals [rom the university reciprocate by spending time in industry,
to experience problems from another perspective.

Khr: there are the dual appointments, especially in the MNethetrlands, and in Germany, where
individuals work both in academia and in industry.

Dia: We have this arrangement in Senegal {1 hold two positions).

Cortesdo: This all relates to fostering cenires of excellence. We will not, at first, have centres
of excellence in all countries, but this is our goal. We showld try and identify, in each of the
regions, where we can build on existing instisutions and structures, including centres of
excellence, which could foster regional capacities in WRM. For this, we need the training
courses, workshops that bring different actors together, to address water issues, through a
maltidisciplinary approach, to influence policy and decision-making processes, to enhance
public awareness, networking of researchers and managers (though water associations — WISA,
in Sourh Africa), including conferences, international, national and regional, We need to create
an atmosphere for research enablement.

KEr: | have separated workshops from centres of excetlence, as one does not necessarily need a
centre of excellence for a workshop.

Cortesdio: We must bring, 1o the table, the different programmes and initiatives, to discuss
common action, in the avoidance of duplication of effort. We must stimulate publications,
which aze targeted at capacity building,

Olago: As an example, we have 2 manager of water resources in Pretoria, and we, at our academy,
can have papers that can be put into a brief, 16 be sent as information to this manager. | refer to
this form of publication.

Kiir: | think that we have covered the major issues. The third and final Knowledge Calé session
will deal with action plans. The issue of inance can be incorporated into this session.
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Kfir: There is a need to formulate an action plan, arising from the discussions that were held
yesterday. We reviewed our African water vision, the issues, and modality, for effective research
cooperation. Each of the two groups raised five issues, and they were compiled in an order, without
assigning any hierarchical importance to them ("1,2,3.."}. Key research issues were identified
as the following: availability and compatibility of monitoting systems, for both quantity and
guality; technological innovation in both water storage, supply and sanitation; identification and
development of appropriate technologies, anthropogenic impacts on the environment; resource
quality degradation and pollution; water use efficiency, and the application of water allocations;
surface-ground water interactions, including transboundary resources; climate change issues.

We examined modality for cooperation, and we decided thar the key modalities are the creation
of centres of excellence, African water research networks, science policy user linkages (trialogue
approach), mobility of researchers, and strengthening the role of the academy (this finks to science
policy). We need to strengthen the water element within the academy, and the role of the academy
within the country, and as a voice abroad.

There is 2 need for research on management, to build management capacity. Research
approaches should be multidisciplinary/holistic/integrative. Theve should be networking in the use
of labaratories and Facilities. The African research network needs to compile a vesearcher database.
There should be information-sharing and dissemination through societies, newsleuers, journals,
and conlerences. We have examined the science policy user linkage, and how influence could be
exerted, locally or globally, through 1AP. We have identified the need for mobility of researchers/
students, by various means, including exchange programmes. We need to strengthen the role of
the academy to influence political will, and to support the creation of an enabling enviranment
for the Tetention of scienists and researchers in their respective countries, through the academies,
and through the [AP programme. There should be creation of an institwional framework and
funding mechanisms at national and contingntal tevel, including a coordination body, such as an
Alrican water research facility, and a national research foundation for water research. These will
provide the institutional framework.

We discussed capacity building for water resource management. We addressed the 1AP focus.
We need capacity in water research; having the scientists. We need capacity building for policy
and decision-making. We need capacity s manager and operator levels, for water services, as
an example. We need capacity at technical level, for monitoring and regulation, in quantity and
quality assessment laboratoties, be they government institutions, or otherwise, to provide water
resource data for planning and management. We need capacity in terms of public awareness and
participation, Capacity is thus a combination of several components, with the centres of excellence
playing an important role. We talked of capacity building for water resource management under
the umbeella of IAP. We need to develop short courses (such as EIA), training material, using the

incegrated multidisciplinary approach. We need to develop analytical skills for routine analysis
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and a general knowledge of water science, including issues that affect water quality and quantity;
we need to publish. We locused on conrse development (MSc, PhDb that can invelve the various
universities in the African structure, and elsewhere. Publications are 1o be shared with managers
iresearch briefs, for communication at an appropriate level of mutual wnderstandingl, lists of
services thar can be provided by water expents {the academies can play a role}. Funds need to be
secuved for all these underiakings. There must be on-going involvement of decision makers in
research programmes (steering commirtee meetings). We need to faciliiate mobility within the
academies, and adwvocate dual appeintments, such as posts in government while also being in
academnia, These mixed roles augment capacity. Decision makers can pariicipate in training at
universities; scientists can participate in government. We spoke of workshops, o promote water
resource management and enhance public awareness, and networking berween researchers and
managers (WISA being an example). [AP and national academies should promote a research
cultare, build an enabling ¢nvironment, and should have common actions, avoid duplication of
efort, and build on commeon issues.

In the figh of all this, what will be the key action propesals that we would wish to put forward?

Discuss this in pairs, raising five actions, with their proposed mechanismas for their efficacy.

Karar: My group has six points. The owcome of this workshop must be communicated to the
other African academies that are not represented here today. This shoutd be done by AS54l,
and the 1AP.

Cortesao: We have heen irying to get the acadeinies to nominate 2 national local point. This
has niot yet been done, and it is part of creating this global network. We need 1o foster their
involvement through e-mails, letiers, telephone calls, and personal contact. There will be a
meeting in Lusaka in January, where this can be dealt with.,

Karar: NASAC (African network) can be lobbied, to establish a water prograwime that is affiliased
to the TAP.

Cortesao: We have achieved such a water programime in the Americas. MASAC is new nevworl, and
inight net yet have the official initiatives. We could suggest that NASAC initiates and supports a
wateT programme, which weuld work jointly with this existing IAF one.

Karar: The third point is for this group, after endorsement from the absent members of the
Alrican academy members, and afeer discussions with NASAC, is to take these outcomes of this
meeting o the IAP conference general assembly, that meets in December.

Cortesao: There will be a water symposium, as a satellite meeting. on this occasion. It will be a
good opportanity for this group to convene there, with the others who were not present at this
CUTTent meeting.

Karar: Between now and December, we could get feechack from these other academies that have
been not been represented at today's meeting.

Cortesao: Each of us should report back to our own respective academies, to make this an issue
for the academies themselves, and not just for 2 navdonal fecal point,

Karar: The other action itemn is a database of warer researchers, and the need to start populating it.
We could use Alrican Waler, as a beginming, as the web site exists, being hosted with WEDEC
{University of Loughborough, UK}, and owned by EU. We (WRC) can act as a post office, but
the responsibility lies with all of us 1o provide the required information.

Kfir: How difficult is it 1o Jocale it more as an Alrican dawabase, as an objective, in the sustainable
long-run?

Karar: This could be borne in mind. Comiauous data wpdates will be needed, as people move
around constantly. The next point &s identification of key rale players in the continent, MEPAD,
AMCOW, AMCOST, and interact with them, as they are already established structures.

Efir: But this does not constitee an action plan. We can ask someone from the WRC, like Kevin

{Pietersen) to do this?
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Dia: There is also the next AT meeting, which is also an cpporiunity.

Efir: Eiman (Karar) is involved with the database. You can continue with information that is given
10 you? We need NASAC to give us names. Who will communicate these outcomes to the other
academies, and 1o get them to participate — Marcos (Cortesaol

Cortesao: [t should really be someone from your (African) region.

Khr: We will assign this responsibility 1o the A55Af and the LAP. We also need 1o lobby the water
programme through NASAC. Mohammed Hassan, and Prof Dia are the appropriate persons.
What is our time lrame for all these actions?

Cortesao: Could we have another meeting, like this one, during the IAF general assembly, for
teport-back? This work needs to be completed by the end of November.

Karar: This will have to include a conselidated endorsememt, with a legitimate request for
handing.

Kfir: This meeting in Egypt will allow far planning of lurther developments. We need to take the
outcomes 1o the IAP Assembly in Egypt.

Cortesao: Souch Alrica, as the Alrican focal point, will be responsible for that.

Kfir: 1 nominate the ASSAL and the WRC. Next, today’s participators are each to report back
10 theit Tespective academics, and we would be eager 1o receive their response. We can now
review longer term abjectives. One is publication of the state of water resources. There are
curgent {LIN} global assessments, but they are “crude”.

Cortesao: We had people frem major international water programmes at the Brazil meeting,
last month, and their imprassion was that there was no such thing as a compendium fos the
Americas, or Tor Alvica, on the state of the art of water management, water research, existing
water supplies, or preblems and challenges. These ate ali long-term issues.

Khr: We alse need to consider financial implications. Daniel (Otage) and Kevin {Pietersen} can
work tegether.

Cortesao: Consider it, and in December, we can see what is happening in the other regions. The
proceedings of this meeting must be well circulated. Our water programme will be launching
a web site in a month. The idea will be that each region will have an allecated space, where all
documents can ke uploaded, for easy access.

Kfix: ¥ou are asking for an African corner on the TAP wel site!

Comiesdo: There will be the information, that we have, but regions can involve themselves, which
will be even better. Let us wait untit December.

Efir: Can we have the contributions from the next group?

Rugumayo: Cur poims ate: Metworks of centres of excellence {(long term}. Mdemify existing
centres. Estahlish criteria for selection,

KGir: NEPAD has already done this. It is a very political procedure. Can we not *piggy-back” on
this exercise? We could accelerate NEPAD, and influence matters concerning the centres of
excellence. Parallel operation is both cosily and wasteful.

Dia: 1 can give a report 1o the Ministry of Science in Senegal (where the NEPAD science and
technology drive is located).

Kfir: T am allocating this to Kevin {Pietersen) as well, as he can star to drive it

Olago: The second point is concerning the netwark, with database, in the long term. We have to
work threugh the national focal points for establishing this African network for water research
and sanitation. We need to identify a coordinating centre, which the previous group has dealt
with. We need criteria.

Kfir: How do you establish this?

Olago: We ask what this nerwork is supposed 10 do, and who will host it? We alteady have this
listed.

Kfir: We can move this itern from short to longer term. UNESCO may have available funding, We

have to interact with NASAC. We can use the WRC as a focal point, il wanted, as well as the
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ECA, and the African Developmernt Bank. We can also consider [W4, and EU, for support, We
necd a mission Qwhat do we intend to do). Will anyone around this 1able volunteer to take this
responsibiliny? Uganda, Cameroon, and South Africa accept; thank O

Olago: Point number three is science policy user linkages {long term). These are actions for
the Marional Academy. Mext, is to establish links with national science institutions and
stakeholders. Lastly, is to enhance dislogue through workshops, public lectures, preparation
and dissemination of briels, seek recognition through influence by legal siatus of the
academy, where such legal recognition (parliamentary act) s not yet in place.

Karar: Legal stawus does empower any entity. But if you are informal, and voluntary, you have the
ireedom 1o say what you wish, whoever, or wherever you may be.

Olago: The idea is that there are many kinds of structures. A legal framework (in 2 way, a government
endorsement, threugh enactment) helps credibilicy, and will ger others to listen to vou,

Dia: I agree. We received our legal status, by presidential decree, at he start of this year. [ accept
that some acadernies have problems, through lack of legal or formal recognition.

Cortesao: Could this not be marked for discussion at KASAC?

Khir: May 1 add Jegal recognition, with the rider of no loss of independence of view?

Olago: We identify mobiliey of researchers. The task of the water network {and the academy) is 1o
identify existing eppovtunities for exchange {fellowships). Many of these are available through
independent organisations. We have to collate this information, and distribute it. Next, under
institutional framework and funding mechanisms, is 1o lobby for the establishment of this
national research foundation for water, The academies {for each country} will anend to this. We
need closer collaboration with AU and NEPAD: Lastly, thete is the necessary liaison with other

internaticnal funding agencies.

We identily funding/lobbying for the creation of the African foundation for science and
technology. Restriction to the subject of water, alone, will create difficulties. At this stage, we
include water. This will be done through NASAC. Prof Dia and Kevin (Pietersen} can be invelved
in the communication, for NEPAD.

The final listing, refined and comgpiled by Dr Kfir, is given below.

WATER RESOURCE MANAGEMENT IN AFRICA

- CAPACITY BUILDING ISSUES

The Afvican Water Vision 2025 *An Africa where there is an equitable and sustainable use and
managernent of water resources for poverty alleviation, socio-economic development, regional

ceoperation and the environment™

Linking Water Research and Management
W Water research issues in Alrica

M Modalities for elfective research and development (science and technology) cooperaion

Group 1 - 5 key research issues

1. Monitoring system availability end compatibility and data gathering
2. Technclogical innovation and water supply and sanitation and storage
3. Environmental impact due 1o anthropogenic activities

4. Water use efficiency

5. Climate change

Group 2 - 5 key research issues
1. Quality degradation and pellurion
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2. Appropriate technology identification and development
3. Surface water/ground waler interactions

4, Data gathering and monitering {quality and quantity)
5. Climare change

Key research issues

B Monitoring system availability and compatibility, and data gathering and monitoring {quality
and quantiry}

B Technological innovation aud water supply and sanitation and storage - appropriate technology

identification and development

Enviranmental impact due to anthropogenic activities - quality degradation and pollution

Water use efficiency

Surflace water/ground water interactions

Climate change

Modalities for cooperation - key issues
W Creation of centres of excellence

B African water research network

B Science policy users linkage

W Mohbility of researchers

B Strengthen the rote of the academies

Maodalities for Cooperation — key issues

B Creation of centres of excellence (research and management capacity building, holistic
approach, integrative research, lab research facilities)

M African water research network
0 Africa researcher database
O Research sharing and dissemination {society, newsletter, conference, journal, etc..)

B Science policy users linkage

B Mobility of researchers {exchange)

B Swengthen the wole of the academies (influence the political will}
o Support the creation of enabling environment for retention of scientists/researchers

W Creation of institutional frameworks and funding mechanisms at national continental level
{coordinating bodies, African water research facility, National Research Foundations for Waker
Research}

Capacity Building
B Capacity building for WRM
O Capacity Building lor water research
o Capacliy Building for policy and decision-making
O Capacity building lor manager/operators {managing water services}
O Capacity building for technical monitoring and regulators
O Capacity building in rechnical water qualitg/quantity labs (data 1o support resource planning
management)

g Public awareness and participation

Capacity building for WRM — IAP Focus
W Capacity building in WEM
O Shart courses - Training material using multi-disciplinary approach

B Short covrse Environmental Impact Assessment (E14),
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0 Develop analytical skills for routine analyses .

O General knowledge of warer science, issues affecting water quality and quantity
{publications)

Focus on development of courses (MSc 2nd PhD)

Publications shared with manager e g research briefs

List of services that can be provided by water experts

Mobilise lunds for the abave

involvement of decision makers in research

Facilitate mobility ~ exchange, dual roles, decision makers take Parl i [Faining, two ways

approach, participation in actual research

Centres of excellence (to mohilize funds, develop the courses, give Ccourses)

Workshops to promote WRM, enhance public awareness

Metworks between researchers and managers {national, regional, Af rica, conferences}

LAF orand the national academies stimulate research atmesphere (enabling environmenr)

Commen actions, avoid replication of effor, build on common issues

Implementing an African S&T Action Plan

Action proposals
Support mechanisms

lmplementing an African S&T Action Plan — deadline Nov 2006

Commemicate outcomes of this meeting to the other African Academies - Participants, ASSAF/
IaP{associated to 1AP) - aim is 1o get them 1o Joint this group

NASAC - to lobby a water programme affiliated to the [AP {e.g. Latin America) Prof Dia
Thereafter, take the outcotme to TAP assembly in Egypt, December 2006 {meeting of this group
or a wider group) ASSAFAWRC

Participants to report back to their academies

Share the outcome of the meetin g with NEPAD, AMCOST, AMCOW, AU (next meeting of AU is
about S&T} - WRC

Imtplementing an African S&T Action Plan — longer term

Publication regarding state of WRM for Africa (SA -Kevin and Kenva —Daniel, format, funds)
African corner in the IAF website — ASSA[

Centres of excellence - accelerare NEPAD activities, influence the formar, mokility/exchange
Prof Dia, Kevin Pietersen

Develop and populate a dara base - use EU project as the basis, and look for a long-term
African based home (e.g. NASAC, NEPAD) “WRE plus academies, MASAC

Establish a African network for water {sanitation) research — Uganda, Cameroon, S4, identify a
focal point, criteria, ToR, mobility/exchange (UNSCD, MASAC, ECA, ATDB, EUJ, GEF, ¢ec)
Actions for national acadermies

O Establish links with stakeholders

B Enhance dialogue through workshops, public lecwires, briefs

O Seek recegnition through the legal framework where appropriate

O Lobby for NRF for water {share modalities)

Lobby for the creation for African Foundation for S&T o mnclude watery — Prof Dia, MASAC,
Kevin- MEPAD

Improve S&T applied experiise in Alrica {MRE and Africa Foundation)

O Nerwark

0 Conferences

0 Centres of excellence
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