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 40%: basement rocks40%: basement rocks

 32%: consolidated32%: consolidated
sedimentary rockssedimentary rocks

 22%: unconsolidated22%: unconsolidated
sedimentssediments

 6%: volcanic rocks6%: volcanic rocks

 42% of the area of the42% of the area of the
continent underlain bycontinent underlain by
homogeneous aquifershomogeneous aquifers

 8% by groundwater in8% by groundwater in
geologically complexgeologically complex
regions.regions.

 50% of Africa are local and50% of Africa are local and
shallow groundwatershallow groundwater
occurrences.occurrences.



Groundwater use in SSAGroundwater use in SSA

 Groundwater is used for both traditional subsistence crops and lGroundwater is used for both traditional subsistence crops and largearge--
scale commercial farming.scale commercial farming.

 Agricultural groundwater use probably contributes to the livelihAgricultural groundwater use probably contributes to the livelihoods ofoods of
over 1 million people.over 1 million people.

 Large areas of Africa have livestockLarge areas of Africa have livestock--based economiesbased economies –– ~~10 % of10 % of
AfricaAfrica’’s population depends directly on livestock and another 60% iss population depends directly on livestock and another 60% is
partially dependent.partially dependent.

 Detailed information on groundwater and its behavior is lackingDetailed information on groundwater and its behavior is lacking forfor
many areas of Africa and it is difficult to provide quantitativemany areas of Africa and it is difficult to provide quantitative
assessments of the continentassessments of the continent’’s groundwater resources.s groundwater resources.



Example: South AfricaExample: South Africa

 Groundwater use has increased dramatically, from approximately 6Groundwater use has increased dramatically, from approximately 68484
million mmillion m33 in 1950 to 1 770 million min 1950 to 1 770 million m33 in 2004, mainly due to increasedin 2004, mainly due to increased
irrigation.irrigation. Nationally, irrigation comprises over 64% of groundwaterNationally, irrigation comprises over 64% of groundwater
use, while mining and domestic consumption in urban areas, and ruse, while mining and domestic consumption in urban areas, and ruralural
areas, each use 8%.areas, each use 8%.

 Groundwater is used for different purposes in various parts of tGroundwater is used for different purposes in various parts of thehe
country, according to patterns of land use.country, according to patterns of land use. Irrigation is obviously theIrrigation is obviously the
largest user in many of thelargest user in many of the WMAsWMAs, but groundwater is used for mining, but groundwater is used for mining
mainly over themainly over the HighveldHighveld, while domestic use in rural areas occurs in, while domestic use in rural areas occurs in
several provinces.several provinces.



 In arid and semiIn arid and semi--arid Africa, the majority of countries suffer fromarid Africa, the majority of countries suffer from
imbalance between the constantly increasing demand of water andimbalance between the constantly increasing demand of water and thethe
natural available water resources.natural available water resources.

 As the second largest sources of fresh water, groundwater is undAs the second largest sources of fresh water, groundwater is underer
high pressure. Many countries are probably using more water thanhigh pressure. Many countries are probably using more water than
their renewable water supply, and are in water deficit situationtheir renewable water supply, and are in water deficit situation..

 In such situation, the most common symptom is secular decline inIn such situation, the most common symptom is secular decline in
water tableswater tables……

Groundwater resource assessmentGroundwater resource assessment



 In the management of a groundwater system in which decisionsIn the management of a groundwater system in which decisions
must be made with respect to both water quality and water quantimust be made with respect to both water quality and water quantity,ty,
a tool is needed to provide the decision maker with informationa tool is needed to provide the decision maker with information
about the future response of the system.about the future response of the system.

 Depending on the nature of the management problem, decisionDepending on the nature of the management problem, decision
variables, objective functions, and constraints, the response mavariables, objective functions, and constraints, the response mayy
take the form of future spatial distributions of contaminanttake the form of future spatial distributions of contaminant
concentrations, water levels, etc. This tool is the model.concentrations, water levels, etc. This tool is the model.

 Its predictive capacity makes it the most useful tool for planniIts predictive capacity makes it the most useful tool for planning,ng,
design, implementation and management of the groundwaterdesign, implementation and management of the groundwater
resources.resources.

 How to model groundwater flow?How to model groundwater flow?
 Modeling contaminant transport?Modeling contaminant transport?



ShortfallsShortfalls……

 Currently, there is gross inadequacy of hydrogeological data andCurrently, there is gross inadequacy of hydrogeological data and researchresearch
into the understanding of groundwater resources, renewability,into the understanding of groundwater resources, renewability,
apportionment and management in many countries in SSA.apportionment and management in many countries in SSA.

 Data gathering and dissemination are fundamental to the developmData gathering and dissemination are fundamental to the developmentent
and management of the resources.and management of the resources.

 However, concerns have emerged over the lack of basic data gatheHowever, concerns have emerged over the lack of basic data gatheringring
and collation on groundwater resources in SSA.and collation on groundwater resources in SSA.

 There is a culture of secrecy about dataThere is a culture of secrecy about data--sharing which much impedessharing which much impedes
water developmentwater development -- from the Government to the private sector.from the Government to the private sector.



 Current challenge in water resources management in Africa remainCurrent challenge in water resources management in Africa remains thes the
quantification of the groundwater resources.quantification of the groundwater resources.

 In the past the loss of data has been aggravated by project stafIn the past the loss of data has been aggravated by project staff who are notf who are not
always trained adequately for the tasks to be carried out.always trained adequately for the tasks to be carried out.

 Hydrogeologists thus have a critical role to play in assisting tHydrogeologists thus have a critical role to play in assisting the developmenthe development
and maintaining the survival of national groundwater databases iand maintaining the survival of national groundwater databases in many of then many of the
semisemi--arid nations.arid nations.

 Other challenges include definition of measured parameters and uOther challenges include definition of measured parameters and unifying modenifying mode
of data collection and central collation, especially where existof data collection and central collation, especially where exists differences ins differences in
aquifer characteristics and level of usability of aquifers.aquifer characteristics and level of usability of aquifers.

 Modeling of groundwater management scenarios have suffered in thModeling of groundwater management scenarios have suffered in the past ande past and
are presently handicapped by the lack or wrongly collation of daare presently handicapped by the lack or wrongly collation of data.ta.

Issues and challenges in SSAIssues and challenges in SSA



Designing and maintenance of groundwaterDesigning and maintenance of groundwater
databasesdatabases

 The scope and details of the available data have dictated the leThe scope and details of the available data have dictated the level ofvel of
groundwater information and research in SSA.groundwater information and research in SSA.

 The design of a groundwater monitoring programme should be basedThe design of a groundwater monitoring programme should be based
on clear and well thought out aims & objectives and should ensuron clear and well thought out aims & objectives and should ensure thate that
the planned monitoring activities are practicable.the planned monitoring activities are practicable.

 Sustained monitoring of hydrogeological parameters and groundwatSustained monitoring of hydrogeological parameters and groundwaterer
quality should be ensured rather than shortquality should be ensured rather than short--term projectterm project--oriented dataoriented data
collection.collection.

 Strategies employed in Europe and the United States to establishStrategies employed in Europe and the United States to establish
largelarge--scale groundwater monitoring networks and groundwaterscale groundwater monitoring networks and groundwater
protection programs could serve as a good example in establishinprotection programs could serve as a good example in establishing theg the
African network.African network.

 However, looking at resources available in SSA, a strategy for iHowever, looking at resources available in SSA, a strategy for initiatingnitiating
monitoring in priority areas may be a better starting point. Thimonitoring in priority areas may be a better starting point. This mays may
necessitate the review of existing monitoring programs & use ofnecessitate the review of existing monitoring programs & use of
information tools that could facilitate the definition of prioriinformation tools that could facilitate the definition of priority areas.ty areas.



Review of selected existing national monitoring dataReview of selected existing national monitoring data

Min. Econ InfraMin. Econ Infra19751975--20082008majormajor11IntenseIntenseCote DCote D’’IvoireIvoire

DeptDept WatWat AffairsAffairs19991999--20082008minorminor11HighHighSouth AfricaSouth Africa

Dept. Water Dev.Dept. Water Dev.19991999--20082008majormajor11HighHighUgandaUganda

ZINWAZINWANot updatedNot updatedminorminor33HighHighZimbabweZimbabwe

majormajor33IntenseIntenseZambiaZambia

Dir.Dir. WatWat ResRes MgtMgt19891989--20082008majormajor22HighHighSenegalSenegal

FMWR??FMWR??Not upNot up--toto--datedatemajor*major*22HighHighNigeriaNigeria

WRMAWRMAExcel databaseExcel database
of BH not upof BH not up--toto--
datedate

majormajor33IntenseIntenseKenyaKenya

Comm. Water &Comm. Water &
San. AgencySan. Agency

19801980--20082008majormajor22IntenseIntenseGhanaGhana

Addis WaterAddis Water AutAut..19961996--20082008minorminor22HighHighEthiopiaEthiopia

CustodianCustodianExisting recordsExisting recordsRole of GWRole of GWInformationInformation
statusstatus

GW useGW useCountriesCountries

1 Full survey data

2 Useful summary document

3 General background only

major – 70-100% rural water supply; at least 50% urban water supply

minor – 50-70% rural water supply; <50% urban water supply but high potential for future supply

major* – Major private domestic/industrial use



Technical base necessary for managing andTechnical base necessary for managing and
monitoring groundwatermonitoring groundwater

 Characterization of geoCharacterization of geo--hydrodynamic parameters, quality, level andhydrodynamic parameters, quality, level and
flow of the groundwaterflow of the groundwater

 Identification of the recharge and discharge and of the subIdentification of the recharge and discharge and of the sub--domainsdomains
of the Aquifer System (of the Aquifer System (compartmentationcompartmentation))

 Development of mathematical models of geoDevelopment of mathematical models of geo--hydrodynamichydrodynamic
behavior and of risks (vulnerability and potential pollutant onbehavior and of risks (vulnerability and potential pollutant on locallocal
and regional scale)and regional scale)

 Structuring of a network and an information system integrating aStructuring of a network and an information system integrating a
groundwater data base (quantity and quality parameters,groundwater data base (quantity and quality parameters,
constructive aspects of wells, use and protection)constructive aspects of wells, use and protection)



Strategies for effective data monitoringStrategies for effective data monitoring

 On the national scale waterOn the national scale water--related issues are generally governedrelated issues are generally governed
through the respective countries water authorities.through the respective countries water authorities.

 Knowledge concerning the spatial distribution of groundwater andKnowledge concerning the spatial distribution of groundwater and
groundwater quality data across the countries (on a national scagroundwater quality data across the countries (on a national scale) isle) is
still very sparse.still very sparse.

 Strategic issues as they play an important role in defining netwStrategic issues as they play an important role in defining networkork--
resource requirements:resource requirements:

 (1) determination of the number of monitoring stations that will(1) determination of the number of monitoring stations that will bebe
appropriate for the monitoring network;appropriate for the monitoring network;

 (2) existing boreholes should initially be used but specifically(2) existing boreholes should initially be used but specifically
constructed and dedicated boreholes will ultimately be required;constructed and dedicated boreholes will ultimately be required;

 (3) a measurement or sampling protocol document will be required(3) a measurement or sampling protocol document will be required toto
define frequency and prescribe mode of measurements;define frequency and prescribe mode of measurements;

 (4) the selection of monitoring tools, e.g. divers, water level(4) the selection of monitoring tools, e.g. divers, water level meters andmeters and
fieldfield--based or laboratorybased or laboratory--based equipments, in cases wherebased equipments, in cases where
groundwater quality is incorporated into the monitoring programmgroundwater quality is incorporated into the monitoring programme.e.



Strategies contStrategies cont’’dd

 Establishing a rather representative monitoring network may notEstablishing a rather representative monitoring network may not bebe
easy task, existing structures should be used as much as possibleasy task, existing structures should be used as much as possible.e.

 The network should start at a simple, unsophisticated level andThe network should start at a simple, unsophisticated level and thenthen
work towards the ideal.work towards the ideal.

 Initiating a countryInitiating a country--country level (national) network is fundamental tocountry level (national) network is fundamental to
the attainment of a functional groundwater monitoring programme.the attainment of a functional groundwater monitoring programme.

 Nevertheless, institutional arrangements for an African groundwaNevertheless, institutional arrangements for an African groundwaterter
database or network may not be an overstatement.database or network may not be an overstatement.



Questions??Questions??

 (1) Can all countries in SSA have national water policies that r(1) Can all countries in SSA have national water policies that reflecteflect
sufficiently on groundwater monitoring and data management?sufficiently on groundwater monitoring and data management?

 (2) Can we have bilateral, trilateral or multilateral arrangemen(2) Can we have bilateral, trilateral or multilateral arrangements tots to
monitor groundwater or organize submonitor groundwater or organize sub--regional groundwater databank inregional groundwater databank in
SADC, ECOWAS, East Africa, etc.?SADC, ECOWAS, East Africa, etc.?

 (3) Can there be an inter(3) Can there be an inter--African national organization or institutionalAfrican national organization or institutional
body specifically designated to monitor or guide monitoring ofbody specifically designated to monitor or guide monitoring of
groundwater data across the continents?groundwater data across the continents?



Answers??Answers??

 On regional monitoring in East Africa Community, ECOWAS andOn regional monitoring in East Africa Community, ECOWAS and
SADC, the Nubian Aquifer Regional Information System (NARIS) isSADC, the Nubian Aquifer Regional Information System (NARIS) is anan
example.example.

 The NARIS contains data on groundwater levels, water quality,The NARIS contains data on groundwater levels, water quality,
groundwater extraction, stratigraphic and hydraulic parameters.groundwater extraction, stratigraphic and hydraulic parameters.

 This kind is particularly significant in a subThis kind is particularly significant in a sub--region such as ECOWASregion such as ECOWAS
and SADC where groundwater is an important source of communityand SADC where groundwater is an important source of community
water supply.water supply.

 National governmental inputs and supports are essentialNational governmental inputs and supports are essential……



REGIONAL INTEGRATION
Support the integration of development and
protection policies for the aquifer in the
countries
STATE /NATIONAL MONITORING
Development of the basics for the
monitoring & management of groundwater
LOCAL MONITORING
Monitoring and management
responsibilities in rural groundwater supply
schemes,
implementation of management policies
and use of the urban /rural land

REGIONAL INTEGRATION

STATE/NATIONAL MONITORING

LOCAL MONITORING

Elements for the Development of the Institutional
Base for Groundwater Management



ConclusionConclusion

 With increasing demand for groundwater resources planning,With increasing demand for groundwater resources planning,
protection and management, water level monitoring becomes anprotection and management, water level monitoring becomes an
important issue with respect to hydrogeological activities in thimportant issue with respect to hydrogeological activities in the region.e region.

 There is the need for further research to overcome the informatiThere is the need for further research to overcome the informationon
gaps on groundwater use and potential in SSA. Groundwatergaps on groundwater use and potential in SSA. Groundwater
monitoring could be a good starting point.monitoring could be a good starting point.

 Future research and policies in SSA should aim to understand wheFuture research and policies in SSA should aim to understand wherere
additional groundwater development is possible and, of equaladditional groundwater development is possible and, of equal
importance, where it is not and why.importance, where it is not and why. Policymakers need more basicPolicymakers need more basic
information on current groundwater use and its value to Africaninformation on current groundwater use and its value to African
economies so that groundwater and its development can be bettereconomies so that groundwater and its development can be better
prioritised.prioritised.

 Policies for future groundwater development must consider appropPolicies for future groundwater development must consider appropriateriate
and feasible technology for sustainable resource management, asand feasible technology for sustainable resource management, as wellwell
as political and economic situations that can regulate groundwatas political and economic situations that can regulate groundwater use.er use.



Thank you!Thank you!


