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Abstract/Summary 
 
As part of the UNICEF Programme to increase water supply in Africa, a study concerning the 
identification of suitable zones for manual drilling has been carried out in 12 countries (Benin, 
Central African Republic, Chad, Cote d'Ivoire, Liberia, Madagascar, Mali, Mauritania, Niger, 
Senegal, Sierra Leone, and Togo) from 2008 to 2010. The methodology was based in the 
integration of different information already existing (like maps and data, reports, direct experience of 
water experts in each country) but not properly organized. All the information was corrected and 
organized in a GIS database; the cross-analysis of the different layers allowed identification of those 
regions with highest potential for manual drilling. Final maps and reports of this study are important 
tools to define the strategy for the future steps of the program of professionalizing manual drilling 
implemented by UNICEF, while the geographic database can be very useful for other applications 
concerning natural resources management 
 

Background 

In the framework of the programme for the achievement of the Millennium Development Goal 
(MDG) for water supply, UNICEF is promoting manual drilling throughout Africa; for this reason 
UNICEF is implementing a programme for the professionalization of manual drilling through different 
activities: advocacy, mapping of suitable zones, technical trainings and institutional support. 
 
Identification of suitable zones is the first step, as the following activities will be concentrated only 
where manual drilling can represent a good solution to increase access to drinking water. But this is 
not possible everywhere: manual drilling is potentially feasible only in those areas where suitable 
hydrogeological and environmental conditions are met; in particular, it is necessary that 

 the shallow geological layers are not too hard (soft sediments or rocks having limited 
resistance) and have good permeability; 

 the depth where it is possible to find exploitable water is limited (although manual drilling has 
been tested in specific conditions up to 100 metres, it could be estimated that it is quite 
unlikely that these techniques can be widely applied when it is required to drill more than 35 
or 40 meters. 

 
This study has been finalized in 12 countries (Mauritania, Senegal, Sierra Leone, Liberia, Ivory 
Coast, Benin, Togo, Mali, Niger, Chad, Central African Republic, and Madagascar) between 2008 
and 2010; at the moment is almost completed in Zambia and Burundi, while other countries are 
starting the process. 
 

Goal of the study: 

Main goal of this study has been the estimation of the potential for manual drilling, according to the 
suitability of hydrogeological conditions existing in each zone; this analysis has been done at 
country level, therefore the goal was not the precise location of suitable places for manual drilled 
wells, but the identification at general scale of those zones with highest potential. 
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Furthermore, a second achievement of the study has been the correction of the existing data and 
creation of geographic layers of information at country level that can be useful for different and 
multidisciplinary applications. 
 

Description of the Case Study – Approach or technology 
 
The study was carried out through a joint collaboration of international GIS experts (with 
hydrogeological background and experience in water projects in Africa) and local geologist and 
water resources technicians, with some experience in GIS (in some case two national staff were 
involved) 
The procedure to identify suitable zones at country level is based in the cross-analysis of various 
layers of information obtained through the collection and editing of existing data (although 
fragmented and not properly organized) and the systematization of the direct experience of 
geologists, drillers and water experts. Therefore limited use of direct hydrogeological survey in the 
field was done (only in Liberia and Burundi, while in other cases the size of country made difficult to 
carry out an extensive survey), while capturing of the perception hold in those geologist with large 
experience in the field (but never published or organized in layer of information) was intense. 
 
Different categories of data sources were used to obtain the information: 

 numeric data available in the local institutions as maps, table or report; these data were 
generally scattered and not organized 

 numeric data available in internet 
 interviews with key informants, having large field experience in the county, and 

systematization of their experience in the form of short reports, support in the interpretation 
of hydrogeological data, reclassification tables, etc. 

o Quantitative and qualitative information has been organized in a common database, 
standardized in terms of geographic coordinate system, compared and cross 
analyzed; the final results has been the map of suitable zones for manual drilling. 

 

 
 

The general methodology to estimate suitability for manual drilling (although modified and adapted 
to specific condition in each country) is based on three general criteria: the geological suitability, the 
suitability according to water depth and the morphological suitability: 
 
Geological suitability is related to the hardness and permeability of the first layers of rock 
formations, approximately the first 30 meters. Manual drilling techniques are generally suitable for 
unconsolidated sediments, but not able to drill boreholes in hard rock (although some percussion 
techniques allow drilling in hard layers); furthermore manual drilling is not suitable in unconsolidated 
materials having low permeability, since the small diameter and the limited depth of the borehole 
can lead to low yield in this conditions; 
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Suitability according to water depth is related to the depth where exploitable water strikes can be 
found. It has been considered that manual drilling is generally a suitable technique when exploitable 
water is not deeper than 25 m (although in specific situation manual drilling has been applied up to 
100 meters); 
   
Geomorphological  suitability refers to the existence of a surface morphology that facilitates the 
accumulation of unconsolidated materials, the presence of thick weathered layers and the limited 
depth of water; these zones corresponds with bottom of the valley and sometimes with flat area with 
limited slope. 
 
Geological suitability has been 
determined reclassifying the 
geological map of the country (at 
different scale according to 
country's size and available 
information). Main steps have 
been: 
- first of all those geological units 
having similar lithology and 
expected characteristics have 
been aggregated, producing a 
simplified geological map; 
- then a table of attributes has 
been associated to the simplified 
geological map; in this table the 
characteristics of main formation 
(hardness and permeability) and 
expected surface weathered 
layer overlaying the main 
formation (thickness, hardness and permeability) have been estimated for each unit, on the basis of 
the existing geological studies, the qualitative experience of drillers and geologist in the various 
regions of the country, the presence of hand dug well and the data extracted from borehole logs; 
- finally the geological map has been reclassified, assigning a class of geological suitability for each 
unit. 
 
 
Almost in every country there is a 
national inventory of boreholes 
and wells, with different detail of 
information. These data have 
been the most important layer to 
determine water depth suitability; 
visualizing the data according to 
class of static water level (or 
water strike) it was possible to 
estimate the predominant depth 
of exploitable level in each zone. 
In case of porous and unconfined 
aquifers, static water level 
corresponds to the depth of 
exploitable water; at the contrary, 
in case of confined layers we 
have to drill deeper than static 
water level if we need to find 
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exploitable water strikes. 
Considering that distribution of available data was often not homogeneous (with some zones almost 
without information) and the presence of different static water level values within short distance (due 
to exploitation of different aquifers, or seasonal fluctuation, or local topographic effect) it was 
considered not reliable carrying out an automatic interpolation at country level. Furthermore it was 
important to integrate the analysis of static water level with the observation of the distribution of 
hand dug well (and their depth) and the direct qualitative experience of hydrogeologists and drillers 
in different regions of the country; this procedure could fill some gaps of data, although in the water 
depth suitability map it was indicated those areas where the available information is considered too 
limited and a more detailed field analysis at local level would be recommended. 
 
 
Weathering of hard rock and 
accumulation of 
unconsolidated materials 
could generate shallow 
aquifers exploitable by manual 
drilling; these units are 
generally not drawn in 
geological maps (not detailed 
and generally focused on the 
hard rock of the basements) 
and not reported in 
geomorphological maps (not 
available in many countries). 
For this reason an analysis of 
digital terrain models derived 
from radar survey available in 
the web (SRTM database) 
was done in order to define 
the geomorphological 
suitability of different zones in 
hilly areas: the most suitable zones (it means where it is likely to find weathered and unconsolidated 
deposits on top of hard rocks) are characterized by flat morphology, gentle slope or they are located 
in the bottom part of the valley (in this case it is also common that water depth is quite shallow); 
identification of these areas has been the results of slope position classification based on the 
Topographic Position Index method  (Weiss, A. 2001) and the predominant slope in each zone. 
Parameters required to apply this algorithm have been modified in each country in order to adapt to 
local morphology. 
 
 
The final cross analysis of geological, water depth and geomorphological suitability lead to the 
estimation of the general suitability for manual drilling. This was generally done assigning  
a class of final suitability to every possible combination of geological and water depth suitabilities 
(defining as not suitable those areas where limitation in terms of geological condition or water depth 
are considered too evident); after that, a reclassification of those areas having hilly morphology and 
formed by hard rock (that are likely to be suitable in case of presence of thick and permeable 
weathered surface layer) have been done using the geomorphological suitability. 
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Example of final map of suitability for manual drilling 

 
 
In the final map the territory of each country has been divided in different classes of suitability for 
manual drilling, without discriminating amongst the different techniques that can be used. However, 
in the map (as graphics) or in the final comment various aspects have been detailed: 

 which techniques are more suitable (for example, in sandy area manual drilling with jetting 
technique can give good results, but not sludging) 

 which is the most important limiting factor in the achievement of good results through manual 
drilling (hardness of surface layers, low permeability or depth of water) 

 existence of specific problems of water quality 
 areas with very limited information and recommendations to confirm the interpretation 

through more detailed field data 
 
 

Main results and lessons learnt 
 
The results of the study have been published in the web page of UNICEF 
(http://www.unicef.org/wash/index_54332.html), and include a national map and a detailed report for 
each of the 12 countries of the first phase, plus a general report concerning the methodology, 
problems and recommendations for the extension and the improvement of this activity. 
Most of the countries have been classified as highly suitable or partially suitable for 50% of more of 
the territory, therefore manual drilling is considered a suitable technique that can be applied in large 
areas and give an important contribution to improve access of water. Due to the predominant 
geology in Africa, most of the areas partially suitable are constituted by hard rock covered by thick 
weathered aquifer layers, while the most suitable conditions can be found in unconsolidated 
sediments of alluvial or aeolian origin.  
The study aimed to give a preliminary classification at country level to support the process of 
defining how relevant could be manual drilling (therefore how relevant it seems the plan of UNICEF 
to professionalize this sector) and identify where this occurs. The same methodology, integrated 
with more detailed observation at local level, could guide the analysis at local level and the 
identification of specific places for drilling activities. 

Definition of zones with highest priority 

 

http://www.unicef.org/wash/index_54332.html
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The final suitability map indicates those zones where manual drilling is technically feasible and 
potentially can produce good results. In some countries a step forward has been done: suitability 
map has been compared with the distribution of the population and the present coverage in terms of 
access to drinking; furthermore it has been considered the presence of alternative water sources 
and their quality for each area. All this process lead to the identification of zones where the 
programme of professionalizing manual drilling has the highest priority and where it is likely that the 
impact on living condition of the population could be important 
 

 
Cross analysis of suitability for manual drilling and present access to safe water 

 
 

Setting up national geographic database 

During the study it has been evident that in many countries there are several information already in 
numeric format that could be relevant, but they are scattered, not easily accessible and with very 
low quality (not complete, geometrically incorrect, fragmented and without proper metadata 
describing their main characteristics). As a consequence, they are rarely used for automatic analysis 
using GIS capability. 
For this reason the most time consuming task during the work has been data editing, correction and 
standardization, since this was absolutely required to make the following process of analysis and 
interpretation possible. This effort has contributed to create corrected geographic layers of 
information that was generally not available before, and it would be important to continue in this 
process setting up multidisciplinary national geographic database composed by good quality layers 
of information, continuously updated, with complete description, easily accessible (and eventually 
published through the web) and organized in a flexible and efficient database structure. Such a 
result could contribute enormously to facilitate the realization of thematic studies, identification of 
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priority and formulation of strategy of intervention according to the environmental and social context, 
monitoring the impact of these actions in the living condition of the population. 
In the mean time it is important to define national standards in geographic data organization, and 
create technical groups and programmes to ensure correct management of geographic database. In 
some country this programmes have been implemented (like Sierra Leone, where a specific Sierra 
Leone information system is available and well organized) while in other countries the process of 
standardization and organization of geographic data has not been developed at all. 
 

Conclusions and Recommendations 
 
A study focused on the identification of suitable zones for manual drilling in 12 African countries has 
been carried out between 2008 and 2010 as a support of the UNICEF programme to promote and 
professionalize manual drilling in Africa. 

This study aimed to give a first classification of potential in different zones at country level based on 
existing information, therefore avoiding extensive field work (not feasible in a short time in large 
countries). For this reason, a large effort was required to identify all the potential sources of 
information, correct and organize the available data, standardize and define an effective 
methodology of integration and cross-analysis. 

The results of the study could support technicians and decision makers in each country to answer to 
different questions: could manual drilling be a suitable technique to improve water supply, and in 
which regions of the country? According to the hydrogeological context, which techniques are more 
suitable, and which problems in manual drilling application are likely to exist (including water quality 
problems)? According to the present situation of access to drinking water and possible alternative 
solutions to improve it, manual drilling can have potentially an important positive impact for the living 
condition of the population? And finally, it results pertinent and it is worth spending efforts and 
money to professionalize manual drilling in the country? 

In some countries where this study of identification of suitable zones has been completed in 2010, 
the next steps of the programme are already active: promotion at national and local level, training of 
local manual drillers, institutional support for driller's organization, implementing programmes of 
construction of manually drilled wells. In some others the other components of the programme to 
support manual drilling are included in the future agenda of UNICEF, local institutions and other 
international organizations. And in some countries it has been decided that manual drilling is not a 
priority for the country given the limited potential. 

 

Two aspects are considered important to underline: 

 with this study it appeared evident that a huge amount of information was generally available 
in each country and the analysis of these data could be a crucial element for optimal 
planning of water resources strategy and specific programmes. However the low quality of 
data, the scattered and fragmented distribution and the lack of systematization of relevant 
experience made necessary a large effort of data collecting, editing and organization before 
the interpretation. For this reason it is advisable to facilitate the access of the corrected 
information for future applications. 

 The method of interpretation of the data and identification of suitable zones for manual 
drilling could be considered a pilot experience, since limited previous publication was 
available and in general geological and hydrogeological studies are more focused in deep 
rock formations having large extensions and not in shallow aquifers that often are the main 
target for manual drilling. We hope that the approach that was used in this study could be 
applied in other countries, adapted and improved; in the mean time it is also recommended 
that the outputs of the study could support a more detailed analysis at local level, 
downscaling the identification of suitable zones at country level to a detailed identification of 
suitable locations for the implementation of manual drilling. 
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