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Acronyms 

BC Basement Complex 
D:RIVE Darfur: Relief in a vulnerable environment  (Tearfund report) 
DFID Department for International Development (of UK Government) 
FAO Food and Agriculture Organisation of the United Nations 
GIS Geographic Information System 
GWWD Groundwater and Wadis Directorate (of Ministry of Irrigation) 
HGG Hunting Geology & Geophysics 
HTS Hunting Technical Services 
IDP Internally displaced person 
l/min litres per minute 
lpd litres per person per day 
M&E Monitoring and evaluation 
Mcm Million cubic metres 
m3/hr cubic metres per hour 
MMP Sir Murdoch Macdonald & Partners (now Mott Macdonald) 
NGO Non-governmental organisation 
NS Nubian Sandstone 
OCHA United Nations Office for the Coordination of Humanitarian Affairs 
OFDA Office of U.S. Foreign Disasters Assistance 
RCO Resident Coordinators Office 
RTF Radar Technologies France 
SRM Sustainable resource management 
T Transmissivity 
TDS Total Dissolved Solids 
UNDP United Nations Development Programme 

UNEP United Nations Environment Programme 
UNHCR United Nations High Commission for Refugees 
UNICEF United Nations Children's Fund 
URS Umm Ruwaba Series 
WADS Water and Development Survey 
WES Water and Environmental Sanitation 
WHO World Health Organisation 
ZoC Zone of Contribution (catchment to a borehole) 

 

The cover photo shows queues of jerry cans waiting to be filled from four tap-stands in Abu Shouk 
IDP camp in North Darfur.  12-15 boreholes have run dry in the Abu Shouk / Al Salaam camps. 
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Selected glossary 

Dipping / Dippers Dippers are long tapes with water detectors that send a signal (to a light 
or buzzer) when they are dipped into water, down a borehole. 

Hafir Traditional rainwater storage reservoir. 

Loggers Groundwater monitoring equipment that stays in a borehole recording 
changes in groundwater level over time.  Data is downloaded 
periodically to a laptop with appropriate software. 

Permeability A coefficient of proportionality describing the rate at which water can 
move through a permeable medium. 

Porosity The ratio of the volume of void spaces in a rock or sediment to the total 
volume of the rock or sediment. 

Recharge: 

Direct recharge Water flowing into an aquifer from rain falling directly on the ground 
surface above the aquifer and infiltrating downwards. 

Indirect recharge Water flowing into an aquifer from flood waters in a wadi. 

Storativity The ratio of the volume of available water in a rock or sediment to the 
total volume of the rock or sediment (also ‘Storage Coefficient’). 

Transmissivity The rate at which water is transmitted through a unit width of aquifer 
under a unit hydraulic gradient. It is equivalent to the product of the 
aquifer permeability and saturated aquifer thickness. 

Weathering The process by which rocks are broken down and decomposed by the 
action of external agencies such as wind, rain, temperature changes, 
plants and bacteria. 

Wadi An ephemeral watercourse, normally dry for most of the year. 
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1 Introduction 
 
This report finds that the main risk to groundwater supplies in Darfur’s camps is of water shortages 
in a year of low rainfall in vulnerable camps.  Darfur’s rainfall is highly variable but so far a 
significant dry year has not occurred since the beginning of the current conflict.  It is this risk rather 
than a protracted drying process that needs to be addressed by the relief community.  The report 
identifies 21 camps that are potentially vulnerable to groundwater depletion in a dry year. 

The vulnerability of camps to groundwater depletion is a function of the geological conditions and 
their size.  There are large camps that lie near wadis where it is not known if the water in the wadi 
sands feeds water to the rock beneath the camps.  Groundwater monitoring and analysis is 
needed to identify the extent to which these hydraulic connections exist – and therefore to be able 
to better define the vulnerability of the camps’ supplies in a year of low rainfall.  Given the current 
absence of this analysis the camps are defined as potentially vulnerable.   

1.1 Project background 
As a result of the conflict Darfur has unprecedented concentrations of population imposing high 
localised demands on water resources.  This is taking place in a region where rain falls in only four 
months of the year and the prevailing geology is unfavourable for storage of groundwater.  While 
there are some exceptional areas rich in groundwater, such as the wadis or a few sandstone 
areas, these are of little benefit for people who are unable to travel to these sources without fear of 
harassment.  This study focuses on the water needs of the IDPs in camps. 

This assessment was undertaken following the recommendation made in the report “Darfur: relief 
in a vulnerable environment1 (D:RIVE)”.  D:RIVE calls for a framework of sustainable resource 
management to be integrated through the Darfur relief response.  To ensure water resource 
security for the camps, both demands and resources need to be accurately measured in order to 
be managed.  As of May 2007 there was no systematic monitoring of groundwater levels in camps, 
and little or no analysis of demands. Since the publication of the draft recommendations of this 
report in May 2007, groundwater monitoring has been introduced in Darfur’s humanitarian 
programme by UNICEF and Oxfam.  

Oxfam’s household demand survey in Abu Shouk and Al Salaam in 2007 found water usage levels 
higher than expected at at least 24 lpd. The survey also found that over 94% of the 200 families 
questioned said they had more water in Abu Shouk and Al Salaam camps than they used to use in 
their villages before the crisis, and that a significant portion of this water is being used for 
livelihoods. These findings were at camps of known water stress - as indicated by the fact that 12 
to 15 boreholes have run dry in Abu Shouk.  

There is a significant volume of data on groundwater in Darfur collected since the 1970s from 
projects such as the Jebel Marra, South Darfur, Western Savannah and WADS projects, but these 
data are not widely accessed within the current Darfur water programme. 

Significant investment has been made in remote sensing in Darfur, but this work has not been 
integrated with relief programming or adequate conventional hydrological analysis.  (See Box 12) 
Hence uncertainty remains over water resources at many camps - including some of Darfur’s 
largest camps – Otash, Kalma, Abu Shouk and Al Salaam. 

The initial objective of the Water Resource Vulnerability Assessment (WRVA) was to assess the 
risk of water resource vulnerability at four major camps in Darfur: Mornei, Kass, Kalma and Abu 
Shouk. Due to security constraints Kass was dropped from the programme but Otash and Al 
Salaam were added (Al Salaam assessed jointly with Abu Shouk).  An introduction to the 
                                                
1 Darfur: relief in a vulnerable environment.  Bromwich B, Abuelgasim Abdalla Adam, Abduljabbar Abdulla 
Fadul, Chege F, Sweet J, Tanner V, Wright G Tearfund 2007 http://www.tearfund.org/darfurenvironment   
2 The studies are Water Exploration in Darfur – Sudan; WATEX Project, 2006 – RTF/USGS, and Boston 
University’s “Ancient Mega-lake” The location of the potential aquifer is shown at the foot of this site: 
 http://www.bu.edu/phpbin/news/releases/display.php?id=1298  
More details of the project can be found at: 
http://www.bu.edu/phpbin/news/releases/display.php?id=1370&template=today  
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hydrogeological context of Darfur is given in Section 2.  General conclusions and 
recommendations for management of water resources at camps are given in Section 3,and camp 
specific conclusions and recommendations are given in Section 4. 

A second objective was to undertake a desk study to identify other camps potentially vulnerable to 
groundwater depletion, based on the findings from the field work.  This list is shown in Section 5.  
Recommendations for longer term development of water resources are given in Section 6 The 
main report provides: 

• Detail on the analysis of each of the camps assessed 
• Discussion of the practicalities of groundwater monitoring 
• A bibliography of reports on groundwater relevant to Darfur 
• An overview of the institutional arrangements for water management in Darfur including 

relevant laws and government institutions 
 

The main report is available at http://www.tearfund.org/darfurwatervulnerability 

1.2 Assessment methodology 
The assessments made use of records of water provision in camps (including drilling and pumping 
records), field observations, discussions with stakeholders in Darfur and Khartoum, and previous 
hydrogeological reports in Sudan and the UK.   

Essentially, two approaches were used in the groundwater assessments: 

1. Physical evidence - groundwater levels, groundwater monitoring, or evidence of boreholes 
drying up - to demonstrate the extent, if any, of groundwater depletion. 

2. A ‘Water Budget’ approach, assessing the likely recharge to the local aquifer, the current 
withdrawals of water from the aquifer, and the likely balance, or lack of it, between the two. 

 
Clearly the first approach is preferable, but depends on the availability of suitable data. At Mornei, 
the data demonstrate clearly that no groundwater depletion has occurred or is likely to occur. At 
the camps near Nyala (Kalma and Otash) there are insufficient data to allow any firm conclusions 
to be reached, and a water budget approach was adopted. However, the water budget approach is 
hindered by the lack of data because the recharge mechanisms cannot be precisely defined or 
quantified: (Where is the recharge coming from? Does water seep through from the nearby wadi?) 

At El Fasher (Abu Shouk/Al Salaam) there are some water level data, and significant evidence of 
reduced yields in a number of boreholes, so the assessment combines both approaches. 

Field visits took place from 23 February to 14 March 2007. The team comprised Geoff Wright, 
Hamid Omer Ali, Ahmed Hussein Maneise (Hydrogeologists) and Brendan Bromwich (Water and 
Environment Engineer). 

At the state level in Darfur, the key water sector includes the Ministry of Urban Planning and Public 
Utilities, the Ministry of Agriculture and Irrigation and Ministry of Health. However the focal 
institutions dealing with water supply and sanitation are the State Water Corporation and Water 
and Environmental Sanitation (WES) Programme.  In the humanitarian community, coordination is 
provided by UNICEF. 

1.3 Acknowledgements 
This component of the study was undertaken with financial support from DFID, OFDA and UNEP, 
building on earlier work that had had additional funding from UNHCR. The work was carried out 
with assistance from UNICEF, WES, GWWD, NWC, Concern, Oxfam, CARE, Spanish Red Cross, 
Nyala Water Corporation and the broader water and sanitation community in Darfur.  We would 
also like to acknowledge the assistance of the Humanitarian Affairs Commission and the people of 
Abu Shouk, Al Salaam, Kalma, Otash and Mornei camps.  In addition, the energetic work of the 
RCO office within OCHA in promoting water resource management and broader environmental 
concerns must be acknowledged as making an important impact on the quality of humanitarian 
programming in Darfur. 
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2 Hydrogeological context 

2.1 Hydrogeology 
 
Darfur has four basic types of aquifer: 

• Deep sedimentary basin aquifers: 

o Nubian Sandstone (mainly in North & South Darfur)  

o Umm Ruwaba Series (South Darfur) 

o Paleozoic Sandstone (West Darfur only) 

Two remote sensing geological surveys have been undertaken in Darfur recently, which add 
useful mapping data to the significant body of knowledge developed in Darfur on development 
projects prior to the crisis as presented in the reports described in the Appendices to the main 
report. 

A study was undertaken by RTF in 2006 which reiterated the fact that some of Darfur’s wadis 
and volcanic rocks have significant water resources. The report acknowledged the difficulties of 
locating sustainable water supplies in areas of Basement Complex rocks away from wadis but 
was focussed on drawing attention to the resources in the wadis.  This study however appears 
to overestimate the availability of water resources for IDPs by: 

• Concentrating on the locations with more abundant water resources rather than 
focussing on the locations of demand.  The report fails to draw out the difficulties caused 
by the distance between the people and the resources in the context of the conflict. 

• Assuming very high abstraction rates from alluvial aquifers. 
• Considering average rather than dry years – in an arid climate like Darfur’s, annual 

rainfall is very variable, and it is in the dry years that water stress becomes critical. 

More recently, attention has been drawn to the possible existence of an aquifer beneath the site 
of an “ancient lake” in the desert region in the far north of Darfur.  This lake (known as ‘Lake 
Ptolemy’) existed several thousand years ago when Darfur’s climate was much wetter than at 
present.  The underlying aquifer is the Nubian Sandstone. The underground resource has not 
been proven as yet, but even if the resource is good it will have little relevance to the 
humanitarian programme due to its very remote location in the unpopulated desert area in the 
far north of North Darfur (it is to the north of the area shown on the map on p5).  

The resource may prove to be appropriate for large remote commercial farms, but piping 
supplies to dispersed villages and camps would not be cost effective, and so this project will 
have little benefit to traditional livelihoods of displaced or returning populations.  Economic 
benefits to Darfur would depend on the arrangements for ownership and wealth-sharing from 
the farms in addition to the migrant labour opportunities.  The closest large town to the aquifer 
is El Fasher at a distance of approximately 500km.  There are other aquifers closer to El Fasher 
that have potential for development. 

While these studies both bring useful mapping to hydrogeological literature on Darfur, both 
require interpretation to be governed by conventional hydrogeological analysis – including 
reviewing existing reports, visiting and test drilling at the sites in question.  These studies, 
suggesting potential abundance of water in a few locations in small areas of Darfur, should not 
obscure the overall picture of Darfur as being highly constrained by a shortage of water 
resources. 

Greater emphasis on assimilating the knowledge already developed in Darfur, and deploying 
more hydrogeologists to integrate this knowledge with project implementation, will bring more 
cost effective benefits to the conflict-affected communities in Darfur than further remote 
sensing.   

Box 1 Recent remote sensing studies in Darfur 
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• Wadi Alluvial aquifers (sand): 

o Deep (>10 metres, up to about 40 metres) 

o Shallow (<10 metres) 

• Volcanic rocks (such as basalt and tuff, variably fractured), mainly around Jebel Marra; 

• Basement Complex (hard crystalline metamorphic rocks such as granite and schist, 
variably fractured and weathered) 

The properties of these aquifers are summarised in Box 2.  

 

 

A comparison of the properties of the main aquifers in Darfur is given in Table 1.  A map showing 
the distribution of the main aquifers in Darfur is shown in Figure 1.   An introduction to Basement 
Complex geology is provided in Appendix A. 

Table 1 Comparison of aquifer properties in Darfur 

Aquifer type Sandstone / 
sedimentary 

Volcanic rocks Wadi Sands Basement 
Complex 

Groundwater 
potential 

Moderate - High Moderate Moderate – high Low 

Typical borehole 
yield 

1 – 10 0.5 – 5 1 – 20 0.1 - 1 

Typical depth to 
water 

30 -110 very variable 2 -10 15 - 55 

Typical depth of 
borehole 

200 – 350 ?50  5 – 40 30 - 75 

Relative Aquifer 
storage capacity 

Very High Moderate Moderate – High Very low 

Relative 
vulnerability to 
depletion 

Very low High Low – Moderate High 

Designation on 
Figure 1  

   

Sandstone aquifers (deep sedimentary aquifers) combine high levels of storage with high 
borehole yields. However the water is typically at greater depth than in the other aquifers.  
Deeper boreholes are therefore often used in sandstone aquifers. Geneina and Gereida are both 
on sandstone aquifers. 

Wadi sand (alluvial) aquifers vary in saturated depth between the wet and dry season, but 
provide important storage of water if the wadi area is large and the sand is sufficiently deep. 
Water may be stored in the wadi sands upstream of camps and may recharge Basement 
Complex aquifers if there is a route for the groundwater to flow (a hydraulic connection). 

Volcanic rocks make reasonable aquifers and are situated in areas of high rainfall in Jebel 
Marra. 

Basement Complex aquifers have low typical borehole yields, and low storage. The low storage 
is a function of the solid nature of the rocks compared with sands and sandstones. Consequently 
the Basement Complex rocks, which form the main aquifer underlying many IDP camps, have the 
highest vulnerability to groundwater depletion.  This is the most prevalent type of geology in 
Darfur, underlying many if not most camps. 

Box 2 Summary of aquifer types in Darfur 
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Figure 1 Groundwater potential in Darfur3 

 
 

                                                
3 Sudan (Darfur) – Chad Border Region – Ground Water Potential. Humanitarian Information Unit, Department of State, 
HIU_Info@State.gov www.reliefweb.int/rw/rwb.nsf/db900SID/JHEN-66VP58?OpenDocument  
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Legend to groundwater potential map 
The region can be divided into two groundwater potential categories: Good (G) and Poor (P) and further 
sub-divided into units; G1, G2, G3, P1, and P2. The most productive units are G1, G2 and G3. Units P1 
and P2 should not be considered as sources of groundwater.  
 

UNIT G1: Quaternary-aged, unconsolidated alluvial deposits of gravels, sands, silts and clay 
from wadis and rivers of local to sub-regional extent. Groundwater quality is fresh, as much of 

it is classified as recently infiltrated surface water from wadi discharge. The depth to the water table is 
shallow (<10m). Aquifer thickness is expected to be less than 40m, with saturated thicknesses of less 
than 10m. Transmissivities are high and yields are greater than 400 l/min. 
 

UNIT G2: Coarse-grained sandstones, conglomerates, mudstones, and limestones of the 
Mesozoic-aged Nubian Sandstone and Gedaref Formations. Groundwater is generally 

fresh (total dissolved solids (TDS) < 800 mg/l) and the water table ranges from 25m to 120m below 
ground surface. Aquifer thickness ranges from 160m to greater than 300m. Transmissivities range from 
100 to 3,000 m2/day. Yields are often greater than 400 l/min. The overburden for this unit includes the 
unconsolidated materials of the Umm Ruwaba Formation (Unit G3). Areas with hatching are dry 
aquifers. 
 

UNIT G3: Tertiary-aged unconsolidated and discontinuous layers of sand, silt, and clay of the 
Umm Ruwaba Formation. Overburden materials include consolidated sands and clays. 

Groundwater is found in the saturated sand and conglomerate beds. Thickness rarely exceeds 100m. 
Depths to the water table vary between 10m to greater than 150m below ground surface. Groundwater 
quality varies widely, from 100 to more than 5,000 mg/l TDS. Transmissivities are generally low but 
yields can be greater than 400 l/min. 
 

UNIT P1: Tertiary-aged undifferentiated volcanics (basalt and trachytes accompanied by tuffs 
and pumic layers). Overburden materials include consolidated sands and clays. Groundwater 

occurs in fractures and faults. Groundwater quality is generally fresh, but thermal saline water may 
occur. Depth to water and aquifer thicknesses are highly variable. Yields are relatively unknown but are 
expected to be low (<200 l/min). 
 

UNIT P2: Precambrian-aged bedrock (Basement Complex) aquifers composed of schists, 
gneisses, granites, and rhyolites. The unit is overlain by sedimentary (sandstones and 

conglomerates) or igneous rocks that have been folded and intruded by volcanic rocks. Groundwater 
occurs only in fractures and fault zones. Local perched perennial or ephemeral aquifers may occur, as 
well as thin saturated layers at depth. Groundwater quality is highly variable but expected to be poor 
(saline). Depth to water and aquifer thicknesses are unknown. Yields are also relatively unknown but are 
expected to be low (<200 l/min). This unit should not be considered a source of groundwater. 

2.2 Climate 
The climate of Darfur ranges from arid in the far north, to semi-arid in the south. It is characterised 
by high temperatures, high evaporation (typically 4–12 mm/day) and regular seasonal, but highly 
variable, rainfall. 

2.2.1 Rainfall 

Rainfall has been monitored at El Fasher since 1917, and at Nyala and El Geneina since 1946. At 
present, the rain gauges at the airports in the three state capitals are the only ‘official’ rain gauges 
in Darfur which are recognised by the Sudan Meteorological Service. In the past, a number of other 
rain gauges were operated and some data are available in various reports, such as that by 
HTS/MMP for South Darfur (1974). Today, some rain gauges are operated by the Agricultural 
Planning Unit (El Fasher). There may be others. 

Data from the three airport gauges are illustrated in Figures 3 to Figure 5 below.  
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Figure 2 El Fasher Rainfall 1917 to 2006 

   
 

Figure 3 Nyala Rainfall 1946 to 2006 

 
 

Figure 4 El Geneina Rainfall 1946 to 2006 
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These graphs illustrate some important points: 

1. Annual rainfall in Darfur is very variable from year to year. 

2. There is a rather weak correlation between the annual rainfalls at the three state capitals. 
This shows that rainfall is often rather localised. 

3. From the 1960s to the mid-1980s annual average rainfall decreased by around 30%. Since 
then it appears to have partially recovered, but is still significantly lower than in the 1950s, 
especially at El Fasher. 

More detailed records show that there are rather few days in any year on which significant rain 
falls, i.e. ‘rain days’. Rainfall is largely confined to the months from June to September, although 
small amounts may fall in May or October, especially on the west side of Jebel Marra, as 
represented by El Geneina. 

The longer term prospects are unclear, but climatic change modelling indicates that rainfall is likely 
to become even more variable with shorter rainy seasons in the future. This will lead to an increase 
in frequency of failed harvests. 
 

3 General conclusions and recommendations 

3.1 Conclusions  

Most publications on the groundwater resources of Basement Complex rocks in Africa (e.g. 
MacDonald, Davies & O Dochartaigh 2002) describe this aquifer as having the potential to provide 
water supplies for villages and rural areas. It is not generally regarded as having the potential for 
sustainable water supplies to towns with populations of 30,000 or more. In this context, what has 
been achieved in the large IDP camps in Darfur is quite remarkable. Populations of tens of 
thousands of people have been supplied with 15 litres or more per head per day of safe drinking 
water for up to four years in a semi-arid area. What is surprising is that these supplies have been 
maintained for as long as they have.  

To some degree, this may be due to the relatively good rainfall in the past three rainy seasons 
(except at El Fasher, where 2004 rains were poor). However, it must be expected that another 
poor rainy season could occur at any time, and NGOs and national authorities need to plan 
accordingly. 
 

Water resource vulnerability 

A significant number of camps are vulnerable or potentially vulnerable to groundwater 
depletion in a year of below average rainfall. This has not been apparent in Darfur due to years 
of average or above average rainfall coinciding with the crisis, and the presence of water storage 
built up over the long term before the crisis. The most vulnerable camps are those with large 
populations which are sited on Basement Complex rock without sources of recharge other than 
local rainfall in the area overlying the aquifer. Otash is in this category. 

Camps that are potentially vulnerable to groundwater depletion are those with a large population 
sited on Basement Complex geology where adequate annual recharge from a local wadi has not 
been proven.  In Kalma (Wadis Kalma and Nyala), and in Abu Shouk and Al Salaam (Wadi Haloof) 
water in the wadis may or may not adequately recharge the Basement Complex aquifers supplying 
these camps. Hence monitoring is needed in the camps and at the wadis to determine if sufficient 
water is able to flow from the wadis into the aquifers beneath the camps.  In large camps, some 
parts of a camp may have reliable recharge while other parts may not. 

Water resource management  

At present, camp administrators concentrate on managing the water supply points – boreholes and 
dug wells – and the other elements of the distribution system – pumps, chlorination units, storage 
tanks and tap stands. There is little consideration of the water resource system as a whole. The 
study found: 
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• Little or no monitoring of groundwater, 

• Little or no analysis of water use, 

• Inadequate data management, both in the field management and in terms of coordination: 
UNICEF’s data base is not well integrated with practical management of water 
programmes, 

• Little awareness of the risks of a season of low rainfall, and therefore: 

• Little or no contingency planning for the event of a dry year. 

With respect to practice at camp level: 

• Data relating to boreholes were often incomplete, or files unavailable.  Staff of operating 
agencies lack access to relevant reports, and are often unaware of reports or maps which 
could assist their work. Geophysical survey reports (to locate optimum borehole sites) were 
often not available, 

• Reports on geophysical surveys (to locate optimum borehole sites) were often absent, 

• Exact locations of boreholes drilled were not recorded, especially for dry or abandoned 
boreholes, 

• It was often impossible to correlate drilling records with water sources in use – e.g. a 
pumped borehole known by the operating agency as ‘Abu Shouk Hand Pump No. 3’ could 
not be correlated with any particular drilling record, 

• In almost no cases have the absolute or even relative elevations of well heads been 
surveyed (GPS-derived elevations are not sufficiently accurate). Therefore it is impossible 
to infer any groundwater flow directions from water level measurements. This is important 
where, for instance, recharge to a Basement aquifer is expected to come from a nearby 
wadi. 

 
Thus there is a very significant issue around information management which requires an 
appropriate response. Information technology has the capacity to improve this situation if it is 
properly deployed.  Integration with day to day management is essential. 

In general a greater level of hydrogeological analysis is needed, involving more data collection, 
better data management and more capacity for hydrogeological interpretation.   

The key risk is of water shortage in a dry year in vulnerable camps.  Better analysis of the 
hydrogeological situation will allow this risk to be defined, and allow contingency plans and 
mitigation measures to be designed.  There is inadequate understanding of the recharge 
mechanisms for the aquifers being relied on.  Monitoring and interpretation of the results 
will allow better understanding of the risks posed by dry years. 

The concentration on supply rather than resource management is associated with reporting 
procedures, mandates of operating agencies, and possibly a cultural shift that has responded to 
the need to address ‘soft’ issues, but has left inadequate attention on more conventional technical 
issues such as hydrogeology.  These issues have been discussed in D:RIVE.4 

A greater emphasis on technical leadership (water resource management, appropriate M & E, 
strategic planning, hydrogeological expertise) within the sector is likely to be cost effective by 
generating savings from more efficient drilling programmes. However, the primary objective of 
these recommendations is to reduce vulnerability of water supplies in IDP camps.  

                                                
4 p43 – 44 Darfur: relief in a vulnerable environment.  Bromwich B, Abuelgasim Abdalla Adam, Abduljabbar Abdulla 
Fadul, Chege F, Sweet J, Tanner V, Wright G Tearfund 2007  
http://www.tearfund.org/darfurenvironment 
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3.2 Recommendations 
(Recommended responsibilities are shown in brackets.) 

R.1. The following activities must be undertaken at the vulnerable and potentially 
vulnerable camps.  See the list in Section 5. This work should be coordinated by 
UNICEF’s field offices.   

a. Manual water level measurements (dipping) at production wells in vulnerable 
and potentially vulnerable camps.  These measurements should be made after 
rainfall events, and intermittently in the dry season. 

b. Installation of water level loggers on production wells at vulnerable and 
potentially vulnerable camps (prioritised in order of population size, with the 
exception of early installation at Otash). 

c. Provision of rain gauges and training in installation and recording of rainfall 
data. 

d. Data collected should be interpreted by an experienced and appropriately 
qualified hydrogeologist and reported on a 6 monthly basis, one analysis 
being at the end of the rains.  The outcome of this analysis should be shared 
with the wider humanitarian community including OCHA.  These reviews 
should form the basis of planning expenditure on the following period. 

(UNICEF, WES, Implementing agencies, UNEP) 

R.2. After prioritising representative boreholes in the most vulnerable camps, groundwater level 
monitoring should be implemented on all boreholes (motorised boreholes and unused - but not 
dry - boreholes).  Monitoring is not practicable on hand pumps due to the lack of access.  Both 
production and observation wells should be monitored.  It is important to monitor production 
wells in Basement Complex rock because the fracture systems are often unconnected – in 
which case an observation well may not reflect the drawdown at a nearby production well. (This 
is not the case for “normal” aquifers.)  Once borehole performance is established, there will be 
some instances where monitoring may be reduced.  (Coordination by UNICEF, collaboration 
with implementing agencies, WES, UNEP) 

R.3. Contingency plans should be drawn up to respond to a poor wet season. (UNICEF, OCHA) 

R.4. All water points should be mapped. OCHA-HIC have been very active in mapping facilities 
at camps and their work should be assisted as much as possible by agencies in the camps.  
(Implementing agencies, UNICEF, WES) 

R.5. The relative elevations of the wellheads at all borehole (and hand pump5) sites should be 
established by precise levelling (i.e. not via GPS).  This will enable monitoring data to be used 
to determine relative groundwater levels to be determined at each well.  This will show 
hydraulic gradients and hence indicate recharge mechanisms. (Implementing agencies, 
UNICEF, WES) 

R.6. Every water source should have a unique identifier number and have its own paper file in 
which relevant data can be kept – baseline data, monitoring data and operational notes. 
(Implementing agencies, UNICEF, WES) 

R.7. All information should be assembled in suitable paper files, and on maps, in addition to the 
UNICEF database. Information copied in this way is much less likely to be lost over time. 
(Implementing agencies, UNICEF, WES) 

R.8. Drilling records and water level monitoring data should be copied to relevant Government 
bodies.  (Implementing agencies, UNICEF, WES) 

                                                
5 Ground levels at non-monitored sites such as hand pumps may be useful where borehole records provide 
original water level data, and may help in assessing the vulnerability of such sites to depletion; otherwise, 
levelling of these sites is a secondary priority. 
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R.9. Flow meters should be installed, calibrated and periodically checked, on the outflow from all 
motorised boreholes and all storage tanks, and daily records of output should be kept. 
(Implementing agencies, UNICEF, WES) 

R.10. A single co-ordinator should be appointed to monitor water resources in each camp.  Water 
managers should have reliable and complete information on: 

a. groundwater monitoring data, rainfall and wadi flow data, 

b. pumping records and flow gauge data, 

c. water use from household survey data, 

d. relevant background data, maps and reports, 

e. interpretation of this data showing status of groundwater vulnerability, and 
recommended mitigating actions where needed.   

(Implementing agencies, WES, UNICEF) 

R.11. Inexpensive plastic rain gauges (two per camp) should be installed to give some 
measurement of the rainfall. The duplication will help to ensure that data are not missed and 
also to give a check. It is acknowledged that this type of rain gauge does not give data which 
are acceptable for meteorological purposes. However, in the absence of rain gauges outside 
the state capitals, such gauges will give reasonably accurate data whereby one rainy season 
can be compared with another, and potential recharge estimated.  (Implementing agencies, 
UNICEF). 

R.12. Water use surveys should be undertaken in wet and dry seasons. (Implementing agencies / 
UNICEF) 

R.13. A coordinated project is needed to ensure that the compilation of all available information 
on the water supply systems in the camps is complete.  (UNICEF, UNEP) 

R.14. A data collection exercise is needed to ensure that important historical hydrological records 
and reports are scanned and made available to implementing agencies.  (Implementing 
agencies, UNICEF, UNEP) 

R.15. An assessment of the effectiveness of the WES/UNICEF database as a management tool 
should be made, and recommendations made for integrating the database in water 
management, and monitoring and evaluation of the water programme.  The assessment should 
assess potential for internet access to the database, whereby water managers can enter and 
read data directly.  This has the potential for making the database a “live” document and a 
useful means of communication.  (UNICEF / Implementing agencies / RCO) 

R.16. Unless emergencies occur, additional drilling in vulnerable or potentially vulnerable camps 
should be undertaken only after household water use surveys have been undertaken and the 
need proven.  This recommendation is made in light of Oxfam’s survey which identified 
significantly higher water use than had previously been understood in the camps. 
(Implementing agencies, UNICEF, WES) 

R.17. Provision for groundwater level monitoring should be included in the design of all new 
boreholes. (Implementing agencies, UNICEF, WES, Donors) 

R.18. Existing AU and proposed UN camps should practice sustainable management of water 
resources as part of a larger do-no-harm approach to environment in Darfur.  The inherent 
vulnerability of Darfur’s environment and its central role in Darfur’s traditional livelihoods give 
an urgency to this recommendation that would not exist in more resource-rich environments. 
(RCO to coordinate, UNEP to advise) 

R.19. Observations of surface water flow should be made at vulnerable camps. As with 
groundwater monitoring, the purpose is to establish the extent to which wadi flow recharges the 
basement aquifer beneath the camp – therefore both water bodies need to be observed.  A 
staff gauge should be installed (in a concrete pad) in each wadi in or near a camp. Records 
should be kept of: 
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a. dates, times and durations of wadi flows, 

b. depth (on staff gauge) of maximum flood and at other times, 

c. dates and durations of standing water in the wadi. 

(Implementing agencies, WES, UNICEF) 

R.20. Best practice on water management at camps should be developed, recorded and 
disseminated on the basis of lessons learnt during the implementation of these 
recommendations in Darfur.  (Implementing agencies, WES, UNICEF, UNEP) 

 

4 Camp-specific conclusions and recommendations 

4.1 Abu Shouk / Al Salaam camps – conclusions 

1. The water supply to Abu Shouk and Al Salaam depends substantially on hand pumps, 12-
15 of which have run dry or reduced in yield over the past 3 years. 

2. Most failed or failing hand pumps are in the raised Qoz areas, whereas most of the 
‘dependable’ hand pumps, and the motorised pumps, are in the lower alluvial areas. 

3. The failed and failing hand pumps have been drawing on groundwater storage in areas 
receiving little or no recharge in the wet season. 

4. Dependency on the motorised pumps in the alluvial areas will therefore increase. 

5. Lack of data on borehole water levels precludes a conclusion on the sustainability of the 
water supply as a whole (some areas are already drying). However, consideration of the 
likely available recharge and the variability of annual rainfall indicates that: 

• the supply may already be unsustainable in an average year, but only a period of 
groundwater level monitoring can confirm or refute this, 

• in a dry year (significantly lower than average rainfall in the wet season) the supply is 
likely to be unsustainable through the subsequent dry season. 

6. Reconstruction of the Wadi Haloof dam would reduce the vulnerability of the camp water 
supplies. 

4.2 Abu Shouk / Al Salaam camps – specific recommendation 

C.1. A single co-ordinator should be appointed to monitor the water resources at the two camps. 
(Implementing agency) 

C.2. Construction of additional boreholes in the alluvial areas should be considered. 
(Implementing agency, UNICEF, WES) 

C.3. Reconstruction of Wadi Haloof dam should be supported in principle, subject to appropriate 
hydrological and cost-benefit analyses. (UNICEF) 

 

4.3 Kalma camp – conclusions 

1. The present water supply in Kalma Camp is understood to be adequate for humanitarian 
needs, and the camp residents are being supplied, on average, with slightly more than the 
target of 15 litres/head/day, although this has not been verified by household water use 
surveys. 

2. The water supply depends heavily (over 40%) on four dug wells in the wadi alluvium which are 
privately owned and rented by the operating agencies. The supply from these wells appears to 
be sustainable in the long term. 
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3. In the medium term, it seems unlikely that the current rate of groundwater abstraction from the 
boreholes in the Basement Complex can be replaced by annual recharge. Therefore the supply 
is drawing on diminishing storage in the Basement Complex and is inherently unsustainable. 

4. To replace boreholes in the Basement Complex which become dry (which is likely) it should be 
possible to drill new boreholes in the flood plain of Wadi Nyala. 

4.4 Kalma camp – specific recommendations  

C.4. Contingency plans in Kalma camp should include new boreholes close to Wadi Nyala.  
(Implementing agencies / UNICEF) 

C.5. An integrated water management plan is needed for Wadi Nyala, which will take account of 
the needs of both Nyala city and the nearby camps.  (UNEP IWRM programme) 

4.5 Otash camp – conclusions 

1. The water supply in Otash Camp currently appears to be adequate for humanitarian needs, but 
in view of the absence of obvious sources of recharge, this situation appears unsustainable in 
the medium term.  This camp is particularly vulnerable to the occurrence of a dry year. 

 

4.6 Otash camp – specific recommendation 

C.6. If water levels in Otash do not recover substantially in the 2007 wet season, contingency 
plans should be put in place for the possibility of some of the boreholes failing in the next dry 
season. 

4.7 Mornei camp – conclusions 

1. The groundwater resources at Mornei show no sign of significant depletion in spite of intensive 
abstraction since the establishment of the camp in 2004. 

2. This is due to the relative abundance of groundwater, principally in the wadi alluvium along 
Wadi Barei and Wadi Azum, and the abundant recharge from floods in the wadis. 

3. Problems with the water distribution system require some additional measures, e.g.: 

• rehabilitation or replacement of Well No. 6, 

• drilling additional wells on the north side of Mornei at sites identified by geophysical surveys 
– to increase capacity and allow reduced pumping hours in existing wells, 

• provision of additional elevated storage tanks, so that tap stands can be fed from storage 
rather than directly from the pumping mains, 

• replacing some low-yielding hand pumps by tap stands supplied from storage, 

• extension of the distribution mains, particularly in outlying areas of the camp. 

4.8 Mornei camp – specific recommendations 

C.7. Dataloggers should be installed in Well No. 6, where the replaced or rehabilitated borehole 
should be designed to allow for it, and Well No. 7, at the upstream site, which shows the most 
drawdown. (The dataloggers sent to WES Mornei are unsuitable because of the diameter of 
the probes (40 mm) and should be replaced by instruments with smaller probes). 
(Implementing agencies, WES, UNICEF) 

C.8. WES should be supported to reconfigure the distribution system so that all the wells pump 
to storage, and all tap stands are supplied from storage. To allow this, additional storage 
capacity should be installed. (Implementing agencies, WES, UNICEF) 
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5 Potentially vulnerable camps 
The table below lists 21 camps which have been provisionally identified as being potentially 
vulnerable to groundwater depletion on the basis of (a) the aquifer type (generally Basement 
Complex without direct connection to a major wadi close by), and (b) the population (over 15,000). 
This list is based on limited information and should not be considered definitive. Where agencies 
have concerns about the sustainability or vulnerability of water supplies in particular camps, they 
may be added to this list. 

Most of the camps are somewhere near a wadi: the further assessment should identify the sources 
of water to the camp and the aquifer(s) concerned, and evaluate the extent of a hydraulic 
relationship, if any, between the wadi and the other aquifer(s).  Analysis of the sources of recharge 
by monitoring will allow an evaluation of the actual rather than potential vulnerability to be 
undertaken. 
 
Table 2 Large IDP camps potentially vulnerable to groundwater depletion 
 

Camp No of IDPs (Jan 2007) Aquifer 

North Darfur   
Abu Shouk 54,500 BC 
Al Salaam 47,000 BC  
Kebkabiya town 42,926 Wadi / BC / VR 
Kutum Rural 40,096 Wadi / BC / NS 
Tawila town 34,569 Wadi / BC 
Kutum Town 26,418 Wadi / BC 
Saraf Omra town 24,110 Wadi / BC 
Kassab 22,251 Wadi / BC 
South Darfur   
Otash 55,000 BC 
Kalma 95,000 Wadi / BC 
Kass town 89,895 Wadi / BC 
East Jebel Marra 33,800 Wadi / BC / VR 
Muhajryia - South camp 25,000 Wadi / BC 
Dereig 23,156 BC 
Beleil 21,440 Wadi / BC 
West Darfur   
Golo AU 62,060 Wadi / BC / VR 
Umm Dukhun AU 37,361 Wadi / BC 
Kereinik AU 25,449 Wadi / BC 
Seleah AU 21,344 Wadi / BC 
Kulbus AU 16,981 Wadi / BC 
Abu Surug 16,062 Wadi / BC 
BC = Basement Complex; VR = Volcanic rocks; NS = Nubian Sandstone 
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6 Development of water resource management in Darfur 
This is properly the responsibility of an appropriate Government body.  As at camp level, 
management depends on good information: 

• good ‘Baseline’ information, 

• good monitoring data. 

The relevant Government bodies are well aware of what is needed, but are not well equipped or 
resourced to undertake the tasks in the current security situation. 

However, notwithstanding the severe limitations on fieldwork, there is an opportunity to compile, 
interpret and process all available groundwater resource data so that, when conditions allow, new 
initiatives in monitoring will be firmly based on good baseline data. 

GWWD in Nyala and El Fasher have good databases but the relief agencies have been slow to 
contribute data to them. In Geneina, GWWD has no office and UNICEF-WES has assembled a lot 
of relevant data, yet much is missing. 

UNEP are currently proposing to undertake a project to support integrated water resource 
management in Darfur. 

Recommendations: 

W.1. Greater collaboration with Government offices in water management processes 
should be promoted at field level, in order to benefit from the technical skills and local 
experience of their hydrogeological staff.  (Implementing agencies, with coordination from 
UNICEF & WES, ) 

W.2. Data management using UNICEF’s borehole database needs to be developed 
further and more integrated in programme design and management.  Appropriate 
communication protocols should be established between the GWWD database in Khartoum 
and the field based WES/UNICEF database. Implementing agencies and other 
stakeholders need to be included in standardising data transfer procedures.  This will 
require coordination and appropriate capacity building. (WES, UNICEF, Implementing 
agencies, UNEP) 

W.3. A project should be undertaken with the assistance of a dedicated water resource 
specialist and information management specialist to bring databases up to date and ensure 
their integration with all relevant stakeholders (Implementing agencies, WES, UNICEF, 
UNEP) 

W.4. A strategic plan for water resource management should be developed for Darfur.  
This plan should include scenarios for return, partial return or long term displacement, in 
the humanitarian and recovery contexts.  The uncertainty of the political situation makes 
this range of contingencies expedient.  This will provide a framework for investment in 
water resource infrastructure, water supply and agricultural development in Darfur.  (UNEP, 
GONU) 

W.5. A contact group on water resource management within the humanitarian community 
should be established.  This group should be established within the larger framework of 
setting up Integrated Water Resource Management in Darfur as per the UNEP/UNICEF 
proposals. The humanitarian water resource group should be set up in order to achieve the 
advantages of keeping the attainment of demand targets, and promotion of sustainable 
resource management, separate from an institutional perspective.  A collaborative effort on 
both objectives will be required.  (UNEP, UNICEF, FAO, RCO, OCHA, UNHCR, 
Implementing agencies) 

W.6. Community, government, private and NGO capacity in water resource management 
and engineering (sand dams, rainwater harvesting, hafirs, terracing, dams etc) needs to be 
assessed, mapped and built up.  This will need appropriate knowledge management and 
networks to ensure that capacity exists to design, build and manage appropriate water 
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resource infrastructure.  Additional capacity building will then need to be designed.  The 
identification of projects under different return scenarios should be addressed under the 
strategic plan for water resource management. (UNEP, RCO, UNICEF) 

W.7. While these activities need to be done for the short term effort which focuses on the 
humanitarian context and builds the capacity for potential return, concurrent effort must be 
made to develop capable institutions for Integrated Water Resource Management for the 
longer term.  There will be limitations to what can be achieved during the crisis, but the 
process should begin.  It should be part of the consultative process of developing a 
strategic plan for water resources.  (UNEP/UNICEF project to work with appropriate 
stakeholders) 

W.8. The development of best practice in water resource management in camps in the 
humanitarian context should be seen as an opportunity to develop capacity within the 
Darfurian water resource management community.  Water resource management is 
increasingly important in the context of growing population and climate change, so these 
skills are vital for Darfur’s recovery and sustainable development.  (Implementing agencies, 
UNICEF, WES, UNEP), 
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Appendix A  Introduction to Basement Complex geology 
 
Rocks of the Basement Complex are very widespread in central Darfur, in all three states. 
Consequently, they underlie many (probably most) of the IDP camps with water supply problems. 
Until about 20 years ago, the Basement Complex in Sudan was hardly considered as an aquifer. 
All groundwater investigation and research concentrated on the deep sedimentary aquifers and, to 
a lesser extent, on the wadi alluvial aquifers. 

Two things happened to change this: 

• Use of geophysical surveys to optimise drilling sites in Basement Complex 

• The advent of ‘Down-the-hole-hammer’ (DTH) drilling rigs, making it possible to drill 
boreholes quickly in hard rocks. 

Characteristics of the Basement Complex aquifer: 

• The rock itself has zero intrinsic permeability 

• Weathering has taken place, mainly near within 30 metres of the ground surface 

• Fractures and fracture zones are common but variably spaced 

• Deep weathering occurs along fracture zones 

• Water occurs only in fracture zones and in the weathered rock 

• Well yields are low – generally <1 litre/sec (<3.6 m3/hr); the initial yield measured after 
drilling (or estimated in a short pumping test) is often not sustainable in the longer term 
(This is characteristic of fractured low-permeability aquifers around the world) 

• Aquifer properties are different in different directions, due to preferential directions of 
fractures (Anisotropy) 

• There is a significant incidence of dry boreholes 

• Pumping from boreholes creates elongated ‘cones’ of depression – due to the fracture 
orientation 

• There is a substantial reduction in permeability and specific storage capacity (storativity) 
with depth 

Several of these characteristics are illustrated in Figure 5. 

The diagram illustrates a hypothetical borehole down through the weathered Basement Complex, 
reaching fresh, hard fractured rock at (typically) about 30 metres depth. The permeability (hydraulic 
conductivity) of the rock increases gradually with depth, as the clay content reduces and then 
abruptly decreases in the fresh rock, where only occasional fractures allow water to move. Porosity 
in the weathered rock is higher just below the surface, because clayey material has a high porosity 
but a low permeability. As the clay percentage falls with depth, the porosity declines, and becomes 
very low in the fresh rock. The storage coefficient, however, roughly parallels the permeability, 
increasing slightly with depth but falling quite abruptly when bedrock is reached. 

In Darfur, the water table in most camp boreholes is now below the zone of higher permeability 
and storage capacity, so that the available storage capacity is low. Most boreholes have struck 
water in the fairly fresh, fractured rock, where both permeability and storage are low. As the water 
table falls further, the available yield and storage get lower and lower. 
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Figure 5 Variation of permeability and porosity with depth in Basement Complex aquifers6 

 
Notes: T = Transmissivity; T’ = Transmissivity including bedrock fractures  
 S = Storage coefficient; Hydraulic conductivity = permeability 

Recharge to the Basement Complex aquifer 
Recharge can occur in three ways: 

1) Direct recharge - from the surface through superficial deposits 
When rain falls on a fairly flat ground surface, in a hot dry place like Darfur, it can: 

• Evaporate (estimates of open water evaporation rates at Nyala (HTS/MMP 1974) range 
from 4.2 mm/day in August to 10.7 mm in March), or 

• Run off the ground surface into a wadi, or  

• Infiltrate into the ground. 

If the rainfall is light, it will soak into the upper few centimetres of soil, and then quickly evaporate. 
If rainfall is heavy, it will quickly saturate the upper layers of soil, and then the excess rainfall will 
run off into local wadis, where it will soak into the alluvial sand deposits. It has been observed near 
Nyala (HTS/MMP 1974) that it requires about 6 mm of rainfall to generate any runoff into local 
wadis.  

Any given soil has a maximum rate (infiltration coefficient) at which it can absorb rainfall – if the 
rainfall intensity is higher, the excess will run off. Sandy soils have a much higher capacity to 
absorb rainfall than silty or clayey soils. If the soil can absorb the rain, then as long as the rain 

                                                
6 P J Chilton & S S D Foster, 1995, Hydrogeological characterisation and water-supply potential of basement 
aquifers in tropical Africa: Hydrogeology Journal, 3 (1), 36-49. 
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continues, the rain will infiltrate deeper and deeper into the soil, and may eventually reach a depth 
where it is effectively beyond the reach of evaporation. After this, the infiltrating water has a chance 
to continue downwards to reach the water table, at which point it becomes recharge to the aquifer.  

To maximise infiltration, and hence recharge to the Basement Complex aquifer, the ideal scenario 
is for moderate but persistent rainfall on several successive days. This process is more likely to 
result in recharge in sandy deposits (Qoz) than in the clayey soils which normally result from 
weathering of Basement Complex. 

Hence in order to maximise direct recharge to the Basement Complex, what matters is not just the 
annual amount of rainfall, but the number of rainy days and the intensity of the rainfall events. 
Global warming scenarios are predicting more intensive storms, which does not favour recharge of 
the Basement Complex.  

In general, direct recharge to the Basement is not expected to occur in normal years except on 
Qoz soils, where a maximum of perhaps 20 mm per year is possible. 

2) Recharge from wadis 
Rain water which runs off into wadis leads to rapid saturation of the wadi sands, which can then 
allow water to infiltrate deeply into the Basement Complex rocks underlying the wadis. Since wadis 
often flow along courses which pick out weaknesses (i.e. fractures) in the rock, they are often 
favourable routes for deep infiltration. This is why boreholes close to wadis are often the most 
favourable places to optimise well yields. 

Work in South Darfur (HTS/MMP 1974) indicated that most wadis are fully recharged by the end of 
July in an average year. However there is evidence of a reduction in rainfall since that time. 

3) Recharge through fractures 
Even beneath the interfluves between wadis, fracture zones are expected to provide preferential 
paths for infiltration of rainwater. However, in general, interfluves are less likely to be underlain by 
fracture zones. As noted above, recharge is not expected unless the surface soils are sandy (Qoz). 

Zones of contribution (ZoCs) to boreholes 
The ZoC to a borehole (sometimes referred to as its ‘catchment’) is the area of ground which 
supplies water to that borehole.  

In the natural state, groundwater flows from areas of higher water table towards areas of lower 
water table. A pumping borehole creates a ‘cone of depression’ in the water table which interferes 
with the natural flow system, and ‘captures’ all the flow within a certain width of aquifer. The width 
of aquifer captured in this way depends mainly on the pumping rate and the aquifer transmissivity – 
the higher the pumping rate, and the higher the transmissivity, the wider the zone. Poor aquifers, 
such as the Basement Complex, tend to have narrow capture zones, and hence long, narrow 
ZoCs. But where numerous boreholes are pumping within a small area, as at the IDP camps, the 
various ZoCs may overlap and create one larger ZoC which may encompass all or most of the 
camp plus an area on the up-gradient side of the camp. In addition, the ZoC can be considered to 
include the surface catchment area of any wadis which also feed into the groundwater system. 

In order to estimate the ZoC at a site, the following information is needed: 

1. The exact location and elevation of every dug well and borehole need to be mapped, including 
(as far as possible) dry or unsuccessful boreholes. 

2. The catchment area of any wadis likely to supply recharge to the aquifer. 

3. Relative water level data (hence elevations of all well-heads are needed). 

4. Estimates of the aquifer properties – transmissivity, storativity, and porosity. 

5. Monitoring data: 

• water output from all sources 
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• water levels in all boreholes, dug wells & springs 

• wadi flow data – dates & durations of flow, flood depths, high water marks, ponding 

• rainfall 

Little of this information is currently available for the sites visited, It is clear that improved 
information management is crucial to the management of Darfur’s water resources. 
 


