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1 INTRODUCTION

The task of TDR Project 12FW (ODA Project DO0123) has been to arrange and
carry out an interactive workshop meeting on geochemistry applied to water
resource issues in sub-Saharan Africa. British Council support for participants has
been an integral part of this process. A previous report (WD/95/9R) described a
reconnaissance visit to Ethiopia to liaise with the Ethiopian Institute of Geological
Surveys (EIGS, the counterpart organisers) and the British Council over the
location, format and programme of the Workshop. The present report describes
the holding of the workshop in late September 1995.

2. ITINERARY

22 September

23 September

24 September

25 September

26 September

27 September

28 September

29 September

30 September

1 October

Travel overnight to Addis Ababa.

Meeting with Ato Berhanu Gizaw, EIGS convener, over
organisational details.

Further meeting with Ato B Gizaw and telephone
contact with representatives of the British Council.

Travel to Sodere and start of the Workshop. Participant
presentations and discussions commence.

Participant presentation and discussion sessions
continue.

Mid-session field excursion to the Awash National Park.

Participant presentation and discussion sessions
continue.

Demonstration of field sampling techniques. Discussion
of framework for future cooperation. Closing of the
Workshop.

Return to Addis Ababa. Round-up discussions with Ato
B Gizaw.

Return to UK.



3. WORKSHOP PROGRAMME

The Workshop was officially declared open by Ato Shemsudin Ahmed, Vice-
Minister of the Ministry of Mines and Energy, in the presence of the Chief
Geologist of the EIGS, Ato Ketema Tadesse. The British Council was represented
by Ato Tsegaw Checkole. Some 15 water scientists from Ethiopian institutions
attended, together with 12 scientists from 10 other African countries (details in
Appendix 1).

Full details of the Workshop programme are given in Appendix 2. While attempts
were made to group participant presentations into sessions with a common theme,
this did not always prove possible. However, the small size of the workshop and
its single session structure meant that this was not in practice a disadvantage.
The abstracts for most presentations are given in Appendix 3.

The mid-session field excursion to the Awash National Park covered various
aspects of geology and hydrogeology, more fully described in the itinerary
(Appendix 4).

The practical demonstration of field sampling and measurement techniques was
carried out on one of the Sodere hot springs by EIGS personnel {(concentrating on
geothermal aspects) and the BGS team (concentrating on redox and isotopic
aspects).

After a discussion session on a framework for future cooperation on the application
of geochemistry to African water resource issues, the Workshop was officially
closed by Dr Robert Monro, Assistant Director of the British Council in Ethiopia.

During the course of the workshop, authors of previously-submitted draft
manuscripts for consideration for the planned thematic issue of the Journal of
African Earth Sciences were advised of any changes necessary to bring their
papers to a satisfactory state for peer review.

4. DISSEMINATION OF INFORMATION

As part of their registration package, participants received a copy of Fie/d sampling
methods for groundwater-quality investigation, based on a condensed version of
a previous BGS report (WD/89/56), and a copy of Groundwater Quality (Eds
H Nash and G J H MccCall), published by AGID in association with Chapman and
Hall. Five out of the 20 chapters in this book were contributed by BGS authors.

Two deliverables have resulted from the Workshop. The first of these is a
framework document for future water quality studies in the sub-Saharan countries
(Appendix 5), which is the outcome of discussion during the last session of the
Workshop, and subsequent iterative comments by the participants. The second
is the thematic issue of the Journal of African Earth Sciences referred to in (3)
above, scheduled for publication in the first half of 1996.



APPENDIX 1

Workshop on Geochemistry Applied to Water Resource Issues in Africa:

List of participants and their addresses



CAMEROON

Gregory Tanyileke

Institute For Geological and Mining Research (IRGM)
BP 4110

Yaounde

Cameroon

DJIBOUTI

Ibrahim Houssein
Dept of Geochemistry
ISERST

BP486

Djibouti

Republic of Djibouti

ERITREA

Habteab Zerai

Department of Water Resources

Ministry of Energy, Mines & Water Resources
POB 1488

Asmara

Eritrea

ETHIOPIA

Fanta Demissie

Ethiopian Science and Technology Commission
PO Box 2490

Addis Ababa

Ethiopia

Ghirma Moges
Department of Chemistry
Addis Ababa University
PO Box 1174

Addis Ababa

Ethiopia

Juneidi Sado

Addis Ababa Water and Sewage Authority
PO Box 4661

Addis Ababa

Ethiopia

Wagaye Teshome

Water Resources Development Authority
PO Box 5673

Addis Ababa

Ethiopia

Fax +237 201854
Tel +237 210316

Fax +253 354812
Tel +253 352795

Fax +291
Tel +291

Fax + 251
Tel +251

Fax +2b1

Tel +251

Tel +251

Fax + 251
Tel +251

124625
119636

518829
511344

552112

126276

550769

613279
613929



Berhanu Gizaw, Kibret Beyene, Meseret Teklemariam, Negussie Mekuria, Salahadin
Ali and Tafesse Gizaw

Geothermal Exploration Project Fax +251 1 712033/513877
Ethiopian Institute of Geological Surveys Tel +251 1202858/712855
PO Box 40069 '

Addis Ababa

Ethiopia

Gebretsadik Eshete, Getahun Kebede and Zenaw Tessema

Department of Hydrogeology, Engineering Geology and Geothermal

Ethiopian Institute of Geological Surveys Fax +251 1 513877
PO Box 2302 Tel +251 1 202851/712855
Addis Ababa

Ethiopia

Sinknesh Egigu and Sisay Engida Fax +251 1 513877
Central Geological Laboratory Tel +251 1 202415/712855
Ethiopian Institue of Geological Surveys

PO Box 2302

Addis Ababa

Ethiopia

GHANA

Anthony Amuzu Fax +233 21 777170
Water Resource Research Institute (CSIR) Tel +233 21 775351/776044
PO Box M.32

Accra

Ghana

KENYA

Musa Arusei Fax +254 321 43047/43149
Moi University Tel +254 321 43001-8/43620
PO Box 3900

Eldoret

Kenya

Theophilus Davies Fax +254 2 449539/446138/336885
Department of Geology Tel +254 2 449233
University of Nairobi

PO Box 30197,

Nairobi

Kenya (Now at Moi University, address and contact nos. as for Prof Tole)

Mwakio Tole Fax +254 321 43149
Environmmental Studies Tel +254 321 43119
Moi University

PO Box 3900

Eldoret

Kenya



SENEGAL

Cheikh Gaye Fax +221 246318
Dept of Geology _ Tel +221 203619
Universite de Dakar

BP 5005

Dakar-Fann

Senegal

SOUTH AFRICA

Johanita Kotze Fax +27 12 3286397
Department of Water Affairs Tel +27 12 2992674
Private Bag X313

Pretoria

South Africa

TANZANIA

Hudson Nkotagu Fax +49 30 314 72837
Technical University Tel +49 30 314 72646
SFB 69

Ackerstrasse 71-76
D-13355 Berlin, Germany.

UGANDA

John Karundu Tel +256 42 20914
Water Development Department

PO Box 19

Entebbe

Uganda

UNITED KINGDOM

George Darling, Michael Edmunds and Pauline Smedley Fax +44 1491 692345
British Geological Survey Tel +44 1491 838800
Maclean Building

Wallingford

Oxon OX10 8BB UK

ZAMBIA

Paul Zambezi Fax +260 1 292080
c/o R N Zambezi

Care Zambia

PO Box 36238

Lusaka

Zambia



Workshop on Geochemistry Applied to Water Resource Issues in Africa

Ethiopia, 25-30 September 1995

Programme

Monday 25 September

0800-1130
1200-1220
1220-1300

1300-1600

Travel to Sodere, with stop at Debre Zeit

Opening Ceremony: Addresses by the Conveners and Guest of Honour

Keynote lecture by W M Edmunds: Geochemistry applied to water resource issues
in Africa.

Buffet lunch

First Session: Water in Ethiopia - chaired by N Mekuria

1600-1630

1630-1700
1700-1730

1900-

F Demissie: The Ethiopian national mines, water, energy and geoinformation
science and technology policy, with particular emphasis on the water sector.

G Eshete: The groundwater quality situation in Ethiopia.

B Gizaw: Geochemistry and geothermal energy-related problems.

Dinner

Tuesday 26 September

Second Session: Impact of geological environment on water quality - chaired by S Egigu

0830-0900
0900-0930
0930-1000
1000-1030

1030-1100

T C Davies: The geochemical behaviour of iodine in the natural waters of Kenya.
P L Smedley: Arsenic mobility in the Obuasi gold-mining belt of Ghana.

M P Tole: Some studies on pollution of natural waters in Kenya.

P Zambezi: The effect of geological/geochemical environment on sustainable
groundwater supply in the Lusaka urban area.

Coffee

Third Session: Aquifer recharge - chaired by J Sado

1100-1130
1130-1200
1200-1230
1230-1400

C B Gaye: The use of environmental chloride and tritium to estimate total recharge
to a Sahelian unconfined aquifer. '

W M Edmunds: Estimation of recharge in semi-arid areas by unsaturated zone
profiling techniques.

J Karundu: Packer tests and fissure hydrochemistry.

Lunch

Fourth Session: Isotopic applications - chaired by C B Gaye

1400-1430
1430-1500
1500-1530

15630-1600

W G Darling: /sotopes as indicators of water movement and chemical evolution in
the East African rifts.

J C Kotze: The use of isotopes in the characterisation of the TMS aquifer, South
Africa.

H H Nkotagu: Application of environmental isotopes in groundwater recharge
studies in a semi-arid fractured crystalline basement area of Dodoma, Tanzania.

Tea

Fifth Session: Water in the East African Rift Valley - chaired by M P Tole

1600-1630
1630-1700
1700-1730
1730-1740

1900-

M K Arusei: Rainfall patterns and lake water level fluctuations in Lake Naivasha,
Kenya.

M Teklemariam & W G Darling: Sodere and the Ethiopian Rift: geological and
hydrological context

B Gizaw: The cause of high sodium bicarbonate and fluoride in the waters of the
Lakes District, Ethiopian Rift Valley.

Introductory talk for the mid-session field trip to the Awash National Park
(Berhanu Gizaw)

Dinner



APPENDIX 3

Workshop on Geochemistry Applied to Water Resource Issues in Africa:

Abstracts of presentations

Edited by B Gizaw and W G Darling
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APPENDIX 4

Workshop on Geochemistry Applied to Water Resource Issues in Africa:

Mid-session field excursion itinerary and notes



Workshop on Geochemistry Applied to Water Resource Issues in Africa

Mid-session field excursion notes

After leaving Sodere, we retrace the route by which we came as far as Nazret (refer to Fig 1 for field
excursion route). On the left, glimpses can be caught of the large (c 10 km diameter) caldera of the
Gedemsa volcano. The town of Nazret (Ethiopian version of Nazareth) is a busy commercial centre
which has sprung up in the post-war years astride the railway line from Addis Ababa to Djibouti, an
important economic lifeline for the country. We now turn right onto the main highway that runs
northeast up the rift valley.

The next settlement, Welenciti, is situated west of the Boseti central volcanic complex which lies on
the same volcano-tectonic lineation as Sodere. Boseti has been active well into the late Quaternary
and still supports some fumarolic activity. During the whole of the journey to the Awash National
Park, numerous cinder cones and other evidence of recent volcanic activity can be seen.

The first stop, Kone caldera, is a prime example of such activity, and is situated on what is basically
an offshoot of the same lineation as Sodere and Boseti. Formerly known in the geological literature
as the Gariboldi Pass (perhaps a legacy of the road-building programme carried out under the Italian
Occupation), this complex of as many as eight collapsed calderas provides one of the more spectacular
clusterings of volcanism in the Eastern Rift System. The present form of the complex is largely a
result of silicic cone-building episodes, between which ignimbrites were erupted and areas collapsed
to form calderas, and to a lesser extent of recent basalt eruptions. In the most easily viewed part of
the system, the small caldera to the east of the road, a fresh olivine-augite basalt possibly less then
200 years old can be seen covering the floor.

Soon after leaving the Kone complex, the road starts a long descent towards lake Besaka. The large
central volcano of Fantale becomes visible to the northeast of the lake. Eventually the road reaches
the lake, and actually passes through it on a causeway, as does the railway. Lake Besaka is
apparently in hydraulic continuity with the Awash River (see the paper by Ashley and Burley in your
copy of the Groundwater Quality book), and may owe its present increased size to the fact that since
the Koka hydro-electric dam was built to the southwest of Nazret, the Awash flows at all seasons of
the year. Ashley and Burley’s paper also documents the fluoride problem in the groundwater of the
large Metahara Sugar Estate to the southeast. The second stop will be made just before the town of
Metahara, where a very recent lava flow from Fantale, perhaps contemporaneous with the late basalt
at Kone, has reached the lake.

Fantale itself, which has a large caldera, is situated on the next volcano-tectonic lineation to the east
of the Sodere-Boseti-Kone line. Not surprisingly in view of its recent activity, the volcano supports
hydrothermal activity in the form of fumaroles and hot springs. The best examples of the latter are
to the north of the volcano at Palm Springs, also known as Awash Filwoha, which unfortunately we
will not be able to visit because of poor road conditions. The word Filwoha means "hot water" and
S0 it sometimes crops up in connection with Sodere and other hot spring sites. The ale part of
Fantale means "hill" in the Afar language (hence the more famous Erta Ale active volcano in northern
Afar). Fantale effectively marks the boundary between the basically Christian Oromo and Muslim
Afar peoples. It also marks a convenient but largely arbitrary northern limit for the Main Ethiopian
Rift (MER) before it fans out into the so-called Afar Triangle. However, it is also the point where
a very real change in groundwater chemistry becomes apparent, with chloride taking over from
bicarbonate as the dominant anion progressively towards the centre of the Triangle, presumably as
a result of Quaternary marine incursions into Afar (in contrast to the totally non-marine MER).



Next stop is the museum of the Awash National Park (the first national park in Ethiopia), where some
good examples of the wildlife that can be seen in the park are preserved. The museum packs a lot
into a small space and the curator is very knowledgeable about the exhibits. However, we cannot all
fit into the museum at once and will therefore visit it in small groups. After this, a packed lunch will
be taken at the picnic site by the Awash River. The river is as placid here as it is at Sodere, but is
about to enter a more turbulent phase as it starts to cut down towards its base level, and eventual
disappearance into the terminal Lake Abbe on the Ethiopia-Djibouti border.

After lunch we will see the Awash Falls, which at this time of year, Maskaram or "spring", should
be more than usually spectacular as a result of "winter" rainfall. After a further drive through the
Park, in which we should see at least some of the animals shown in the Park brochure, we shall stop
at the Kereyou Lodge Hotel for refreshments (note the interesting cow-skin ceiling tiles). The hotel
is perched on the side of the deep gorge now occupied by the Awash. Evidence of numerous lava
flows can be seen in the walls of the gorge. A little further downstream is the settlement of Awash
Station, where the railway crosses the river on the way to Dire Dawa and Djibouti.

The return journey will take place along the same main road, which like the railway is an important
commercial artery. Time permitting, a stop for refreshments will be made at a hotel in Nazret, where
many of the boreholes yield warm water with a high fluoride content and potable water has to be
obtained from boreholes some km to the southwest of the town. On the drive back from Nazret, the
Sodere rhyolite block should be highlighted by the afternoon sun. Beyond, the well-defined eastern
wall of the rift valley can be seen. This contrasts with the poorly-defined western wall in this north-
central part of the MER.
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Fig 1 Route of the mid-session field excursion to the Awash National Park
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Workshop on Geochemistry Applied to Water Resource Issues in Africa:

Framework for water quality studies in sub-Saharan Africa



Geochemistry Applied to Water Resources Issues in Africa

25-30th September 1995, Sodere, Ethiopia

FRAMEWORK FOR WATER QUALITY STUDIES IN SUB-SAHARAN AFRICA

A. Areas of future research application of particular relevance to African countries

Better recharge estimation

Many studies proceed without adequate understanding or quantification of the water balance. The
consequences can be seen widely in falling water levels and evidence that water may be being
mined. Classical water-balance methods often fail in semi-arid regions, making geochemistry of
special value via techniques such as conservative tracing, particularly using porewater chloride,
which can be used to determine direct recharge through soils and to determine spatial variability
in soil hydraulic conditions. There is therefore a need to create laboratories that can determine
Cl (and other parameters) with the necessary precision at low concentrations. Additional
collection stations should be established to create a wider network for the measurement of
precipitation amount and chemistry for the better evaluation of recharge.

Water-quality stratification and well construction

Improved databases and knowledge of variations in water quality with depth as well as laterally
are needed. It is common practice to construct wells to a standard specification based solely on
yield. From discussions and data presented at the Workshop, it is clear that some preliminary
hydrogeophysical logging for SEC-T and/or depth sampling should be carried out in well
construction programmes. This is essential to assess natural hazards (e.g. high fluoride) or the
extent of anthropogenic pollution so that, where possible, the design of wells is optimised
together with physical parameters. It is noted that pumped samples will inevitably be mixtures
of water from different depths.

Water quality monitoring

Improved assessments of water quality require the introduction of monitoring to ascertain
temporal trends, particularly in respect of anthropogenic pollutants. At present few countries in
Africa have monitoring programmes. Rapid development of scarce water resources requires that
regular programmes be set up for both quantity (water level) and quality (basic indicators of
environmental impact). This can be done inexpensively by measuring selected indicators such
as Cl, NO,, HCO, and TOC which act as proxies for complex processes such as urbanisation.

Baseline conditions

Chemical constituents of water such as F, I, Fe and As may build up as a result of natural
geochemical processes, and require geochemical understanding to alleviate the problem in
vulnerable area. Improved datasets on these key elements and their regional distribution are
needed.



Salinity/salinisation

Geochemical methods can be used to differentiate saline waters of various natural origins (sea
water, evaporite-derived, ancient formation water etc) using a number of techniques (isotopes of
water, Mg/Ca, Br/Cl etc). Salinisation, which is man-induced, can also be followed using O and
H isotopes together with measurements of SEC and chloride.

Pollution (urban, landfill, mining, sewage)

This is a large area of paramount concern which in detail is beyond the scope of this workshop.
Geochemical processes which can be observed in natural systems are also of relevance in polluted
aquifers (e.g. redox controls) and may be important in controlling the incoming pollution. Careful
monitoring is needed at the limits of areas of known or suspected pollution in order to be able
to detect early signs of change in the water quality. It is stressed that simple, mobile indicators
such as Cl, HCO; and NO; may be sufficient to detect pollution and to define the pollution
plume, on which more detailed work can be done if necessary.

Energy-related problems (atmospheric pollution, geothermal)

In Africa problems such as sulphur and nitrogen oxide emissions with the resulting acid rain are
likely to be only local problems associated with power generation and specific industries.
Nevertheless, rainfall sampling as part of an environmental monitoring strategy is to be
encouraged. In several East African countries geothermal development can benefit from
geochemical studies at the exploration, evaluation and exploitation stages.

Water treatment and remediation

The high cost of water treatment and limited availability of water resources suggest that there
may be some benefit in instigation of dual-quality supply systems, where only sufficient water
for drinking-water needs is purified to potable standards. This could be a solution to the fluoride
problem, for example.

Priorities in hydrochemical analysis
Facilities for analysis of waters may be rather limited and some priorities are stressed:

| Priority to be given to major ion analysis (Ca, Mg, Na, K, Cl, SO,, HCO, NO,) and
emphasis placed on ionic balance as a check of accuracy.

2, Measurement of chloride as an inert natural tracer is important to gain information on
physical parameters such as recharge and mixing.

3. Very high analytical precision for the above should be aimed for. This is important in
monitoring studies since slight variations in ionic concentrations or ratios can be
indicative of changes in water quality.

4. For geothermal resource studies Al, Li, B and SiO, are of diagnostic value in addition
to the F and Fe already identified for baseline studies in general, and need to be included
in the scheme of analysis.

5. Isotope techniques are of great value in hydrogeological studies in Africa. There is a
need for the establishment of one or more well-equipped and versatile isotope laboratories



for the sub-Saharan African countries.
Modified approaches:

L. All priority areas would benefit from improved databasing, involving the need for
investment in software, hardware and instigation of legislation to ensure
geological/geochemical data are stored in a central accessible place and preferably that
software is standardised across institutes.

2. Better research-program design: adoption of simple techniques to investigate processes
and pathways to make best use of limited resources.

3. Geochemical modelling: increased use and awareness of geochemical models as
techniques for testing geochemical hypotheses.

4. Interdisciplinary cooperation: future programs should be broadened to incorporate
interdisciplinary approaches e.g. geochemistry/epidemiology collaboration in health-
related water-quality problems (especially in relation to F problems), agronomy in
agricultural problems.

B. Policy
Water acceptability and health issues

It is recommended that (interim?) threshold limits for drinking water be adopted which are
realistic for each African country. Standards which are laid down for developed countries may
be inappropriate for countries where the baseline conditions are different in terms of salinity and
related ions. For example, naturally high nitrate may occur in semi-arid countries in water (e.g.
palaeowater) of otherwise high quality (i.e. free of pathogens) which may be the main source of
available water. It is recommended that freedom from harmful organisms be treated as the
highest priority pro tem, since this is usually the main source of ill-health. There is a need for
better liaison between water resources and health personnel to anticipate hazards before they
become serious and necessitate expensive treatment.

Protection of shallow wells

Proper well construction is a high priority and monitoring of quality combined with good public
health education is essential.

Siting of wells based on water-quality data

Geochemistry has a potentially important role to play in designing borehole-drilling strategies to
obtain water of good potable quality, but is rarely incorporated into rural water-supply
programmes. NGOs need to be made aware of the lateral and vertical variations in water quality
likely to be encountered in areas highlighted for borehole emplacement, before boreholes are
completed.



Establishment of protection zones

All water supplies need protection. The factors that lead to contamination need to be considered
in order to recognise adverse signs of water quality. For example, siting of wells upstream
should be adopted. As stated above, simple measurements of mobile ions such as chloride can
often herald change.

Legislation

In many African countries new or increased legislation is required to improve the quality of water
supplies. Such legislation needs to control both the routine monitoring and registration/databasing
aspects of water quality and quantity data. Public ownership of all important data on
groundwater is to be encouraged.

Training

Training is identified as a high priority area to develop local and in-house expertise, reduce
dependence on donor countries for instrument maintenance, and to ensure continuity of capable
technical staff. Inter-country training/education exchange programs should be pursued and
encouraged. Databases of technical and research expertise in each African country should be set
up to ascertain both centres of excellence in research fields and to identify areas of need.
UNESCO could be approached for establishment of regular sponsorship to cover training and
exchange needs.

Investment/consolidation

More investment in imported analytical equipment is needed. There is also the requirement for
donor countries to follow up investment programs for effective long-term use of durable
equipment. At the same time, it is also necessary to promote local African manufacturers of
instrumentation for monitoring.

Instigation of research networks

Research progress would benefit from instigation of expert networks for inter-country exchange
and development of research ideas, analytical and other facilities and training. Communication
to this end could be facilitated by fax, e-mail, newsletters and workshops. Constitution of a
steering committee to keep up with international research developments would also aid progress.

Dissemination of information

A high priority should be given to dissemination of practical research findings, particularly to
NGOs, water users and policy makers. Scientific information should be communicated to the
public in a simple and understandable way.

Second Geochemistry Workshop (ca. 1998)

During the Workshop, interest was expressed in development of a triennial workshop addressing
progress in water-related geochemical research in Africa. South Africa and Zimbabwe were
nominated as possible host countries for a second workshop. Sponsorship would be required for
the event, potential sponsors including the British Council and their French equivalent
(Alliance Frangaise).



