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Abstract
For the past four years the EnterpriseWorks division of Relief International (EW) as part of 
the US Agency for International Development (USAID)-funded USAID/Millennium Water 
and Sanitation Program (USAID/PEPAM) in Senegal, has been building local, private-sector 
well-drilling capacity through the introduction of appropriate drilling technologies. 
USAID/PEPAM trained local businesses to drill wells using manual drilling techniques 
including augering, rotary jetting, and manual percussion. As part of this activity, the 
Program provided these businesses with drilling equipment made in local welding and 
machine shops or purchased on the local market. While drilling wells for the Program, the 
well drillers reimburse the cost of the tools so that after a certain number of jobs, they own 
the tools and can drill for other organizations and individuals.

In regions where manual drilling is not feasible, the project has introduced two small, 
portable drilling rigs. These drilling rigs provide a low-cost complement to manual drilling in 
areas where the water table is too deep (> 25 meters) or the formations too hard for manual 
drilling—the small hydraulic rigs can drill through harder formations and to deeper depths. 
As with the tools for manual drilling, these rigs are being sold over time to local businesses 
who will continue to use them after the end of the Program. 

The key to building sustainable, local drilling capacity is to involve the private sector in the 
drilling as well as the supply and manufacture of tools and the importation of necessary 
supplies.
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The Program – USAID/PEPAM 
The US Agency for International Development/Millennium Water and Sanitation Program 
(USAID/PEPAM) is funded by USAID as part of a bilateral cooperation agreement between 
the Government of Senegal and the US Government. This 5-year Program started in July 
2009 and will end in June 2014. The purpose of USAID/PEPAM is to improve sustainable 
access to water supply and sanitation (WSS) and to promote better hygiene in targeted rural, 
small town, and peri-urban areas of Senegal by working in five integrated components:  

1. Strengthen participatory governance by improving village-level governance of WSS 
services and supporting participatory infrastructure planning, management, 
construction, and maintenance;  

2. Increase demand for sustainable water, sanitation, and hygiene (WASH) services and 
products through a communications and social marketing program that increases the 
demand and access to safe drinking water, promotes appropriate low-cost sanitation 
systems, and changes behaviors surrounding hygiene practices;

3. Create local business opportunities; strengthen the capacity of small-scale service 
providers, the private sector, and Water Users’ Associations (WUAs) to improve the 
ability of local enterprises to respond to the demand for improved WSS and ensure 
sustainable operations and maintenance of the infrastructure;

4. Install and rehabilitate improved drinking water and sanitation infrastructure, using a 
service delivery framework;  

5. Use and promote community-led total sanitation (CLTS) as a strategy for diversifying 
the program methods, reducing or eliminating subsidies, and as an entry point into the 
rural communities; support hygiene promotion and behavior change activities, as well 
as WASH in schools.

The Program targets regions within Senegal that currently have low access and service 
delivery for WSS. The current intervention sites in the Casamance region are rural 
Ziguinchor, Sédhiou, and Kolda. In addition, the program is working in the region of 
Tambacounda and peri-urban Ziguinchor, upon recommendations of both USAID/Senegal 
and the program Oversight and Coordination (Steering) Committee, headed by the Ministry 
of Habitat, Construction, and Hydraulics. 

The consortium that is implementing the project is led by RTI, with EnterpriseWorks (EW) 
and TetraTech/Associates in Rural Development (ARD, Inc.) as subcontractors. EW is 
responsible for training local businesses to respond to demand for cost-effective boreholes 
and for providing management training to WUAs to manage their water points. 
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Introduction 
In 2010 the Millennium Development Goal (MDG) for water supply was reached, halving the 
number of people worldwide without access to an improved water source from the 1990 
levels. However, Senegal, as is the case in much of sub-Saharan Africa, has yet to reach the 
goal, and although progress is being made, large disparities exist between urban and rural and 
rich and poor. In Senegal, rural areas lag far behind urban areas in terms of access to 
improved water supplies, with only 65% of the rural population having access while 93% of 
urban dwellers have access to improved water sources (United Nations Children’s 
Fund/World Health Organization [UNICEF/WHO], 2013).  

Providing reliable water supply to rural areas 
is challenging. Various studies have shown 
that from 25% to over 50% of rural water 
supply systems in sub-Saharan African 
countries are non-functional; this includes 
hand pumps, small piped schemes, and 
mechanized pumps (Kleemeier, 2010). Rural 
water supply poses significant challenges due 
to small, dispersed populations; limited ability 
to pay for water; high capital costs for 
boreholes; and high maintenance costs. Many 
villages still rely on traditional, unprotected 
sources. The government policy in Senegal is to decentralize the management of water supply 
points to the rural communities, with users paying for water. Under this system, the emphasis 
is being placed on developing mechanized boreholes to serve multiple communities with 
standpipes. This can work well when the distances between villages are short and the 
populations of the villages are large enough to justify the investment cost; however, for the 
smaller, more scattered villages with populations fewer than 500 people, low-cost boreholes 
equipped with hand pumps remain the best option. 

For almost 20 years, EW has been promoting 
low-cost drilling methods in Senegal to increase 
access to groundwater for farmers and villagers. 
Over the past four years, EW has been working 
in Ziguinchor, Sédhiou, Kolda, and 
Tambacounda to introduce improved techniques 
for both manual drilling and to demonstrate the 
effectiveness of a small hydraulic rig. EW 
believes that for sustainability, it is critical to 
transfer technology to the local private sector 
and to provide businesses with the tools and 
training that they need to be successful. To this 
end, EW trained 13 businesses in the four regions in manual drilling techniques (including 
augering, manual percussion, and rotary jetting) to enable them to drill low-cost wells up to 
35 meters deep. To ensure that manually drilled wells are drilled to the same standards as 

Figure 1. Traditional unprotected 
source

Figure 2. Rotary jetting of a well 
28 meters deep 
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machine-drilled wells, EW provided training for the drillers in applied geo-hydrology for 
manual drilling so that the drillers understand what occurs at the bottom of the hole and so 
that they can design the well casing and gravel pack based on observed conditions during the 
drilling. In addition, the businesses have been given training in business management, cost 
estimation, and tendering to aid them in competing with other drilling companies. As part of 
the training package, USAID/PEPAM provides drilling tools to the businesses that 
successfully complete their training, the costs to be reimbursed by the businesses as they 
complete a certain number of jobs. All of these businesses have purchased the manual drilling 
tools at full cost ($3000) through deductions from the first five wells that they drilled for the 
Program.  

Although manual drilling provides a very cost-
effective means of drilling a well up to about 35 
meters deep in unconsolidated or sedimentary 
terrain, it does have its limitations. Thick layers of 
laterite or other consolidated layers can make drilling 
slow or impractical. For depths that exceed 40 
meters, the tools for manual drilling become too 
heavy for the workers to manipulate safely. EW 
decided to import and test a small, portable hydraulic 
rig, the LS-300, to drill through harder formations 
and to greater depths. It was found to be successful 
and provides another low-cost option. The drilling 
rig proved to be so effective that a large drilling 
company imported one and the Program imported a second one. The two Program rigs will be 
transferred to two of the manual drilling enterprises that have received additional training on 
the use of these drilling rigs—one in Kolda and one in Tambacounda. The enterprises will 
pay the full depreciated value of the rigs through deductions on drilling contracts with the 
Program. 

It is important to transfer drilling technologies to the private sector to increase local capacity 
so that into the future, wells will continue to be drilled by the private sector, for villages and 
individuals. By transferring the capacity to private businesses, sustainability is assured. Too 
often projects or nongovernmental organizations (NGOs) “keep” the drilling capacity within 
the project and do not transfer it to the private sector; this results in unfair competition with 
the private sector, and it actually impedes the development of a local drilling sector. When 
the project ends or the NGO leaves, there is no technical capacity left behind. 

In Senegal, EW, as part of the USAID/PEPAM Program, has trained 13 well-drilling 
businesses to manually drill wells using hand augering, manual percussion, and rotary jetting. 
Additional training was provided in hydrogeology, business management, and tendering 
processes. USAID/PEPAM also provided these businesses with drilling equipment made in 
local welding and machine shops or purchased on the local market. Similar to the process 
described for the small drilling rigs, the well drillers reimburse the cost of the tools during 
their first jobs so that they own the tools and can drill for other organizations and individuals. 
They have all fully repaid the cost of the tools received. Between February 2010 and June 
2013, the businesses have drilled 192 wells for the USAID/PEPAM Program, benefiting 

Figure 3. Hydraulic drilling 
rig on a 50-meter 
deep well 
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38,400 people (each well providing access to potable water to between 150 and 300 people). 
In addition to Program wells, these enterprises have drilled 109 wells for other organizations 
including UNICEF and the International Red Cross; these wells, located at schools and in 
communities, have benefited an additional 21,800 people. 

Although lower cost drilling methods have proven to be effective, there remains skepticism 
on the part of donors, government, and other water sector professionals with regard to the 
quality of low-cost wells. To address these apprehensions, a stakeholder workshop was held 
in January 2012 to discuss their concerns and to reach a consensus on the characteristics of a 
high-quality water well. The workshop process and outcome is discussed in the next section. 

Selection of Appropriate Drilling Methods 
In much of sub-Saharan Africa, the approach to borehole construction has been through 
tenders for large numbers of boreholes. The tender documents require that any company 
bidding for the work demonstrates that it has the necessary equipment to drill the deepest 
well under the most difficult conditions in the lot. Thus a bidder must have a rig capable of 
drilling with a down-the-hole hammer to 150 meters, although the majority of the wells will 
be less than 60 meters in sedimentary formations. To expand the number of boreholes drilled 
annually in sub-Saharan Africa, a more rational approach is needed.

Principle 3 in the Rural Water Supply Network Code of Practice for Cost-Effective Boreholes
(Danert et al., 2010) supports the following steps for cost-effective boreholes:

“The construction method chosen for the borehole is the most economical, 
considering the design and available techniques in-country. Drilling 
technology needs to match the borehole design. This breaks down into the 
following sub-principles: 

Well depths should not be unnecessarily over-specified or under-
specified. 
A stepped approach to technology selection should be followed. 
Very low-cost methods, including protected hand dug wells and 
manual drilling, are considered first, if they are feasible, before 
mechanized drilling. 
Subsequently, the use of small rigs, which provide the specified 
diameter and well depth and reach remote locations, should be 
considered. 
Finally, the use of larger drilling rigs should be considered.” 

In Senegal, the USAID/PEPAM Program has been demonstrating that by matching drilling 
techniques with the drilling conditions, more boreholes can be drilled at a lower cost. Over 
the past four years, EW has been training local businesses to drill wells by hand, and when 
the conditions are not favorable for manual drilling due to deeper water table depths or harder 
formations, small, portable drilling rigs have been used.

The rationale for matching appropriate drilling techniques to the geo-hydrological conditions 
is to provide the best-quality borehole at the lowest cost. To overcome uncertainty concerning 
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the use of lower cost drilling techniques from stakeholders, including government 
technicians, donors, and NGOs, a two-day workshop was held in Senegal in January 2012. 
The workshop brought together people with different perspectives working in rural water 
supply in the Casamance to answer the question “What makes a quality water supply point?” 
The participants gave the following criteria for evaluating water sources:

Yield of the Source—if all other criteria are equal, then the higher the yield the better. 
Water Quality—this can be affected by the location of the water supply point relative 
to pollution sources, the type of water supply point (open well, surface water, 
borehole), and the means of extracting water. 
Physical Aspects—this includes accessibility, useful life, and the distance between the 
source and the point of use. 
Management of the Water Point—this often has a direct impact on the reliability and 
the quality of the water. 
Cost—this includes costs for both initial installation and operation and maintenance. 

Table 1. Comparison of different wells based on construction method 

Techniques Concrete Well Hand-drilled Well Small Rig 
Large

Rig 

CONDITIONS

Depth 

Less than 35 meters yes yes yes yes 

More than 35 meters possible no yes yes 

More than 70 meters possible no possible yes 

Geology 

Sedimentary yes yes yes yes 

Non-consolidated rock, thin layers yes yes yes yes 

Non-consolidated rock, thick layers yes no yes yes 

Consolidated rock, bedrock no no no yes 

Low permeability aquifer (clay) yes no no no 

Site with limited access no yes yes no 

From these preliminary discussions, the consensus among participants, as summarized in 
Table 1, was that for potable water supply in the Casamance, boreholes provide the best 
combination of yield, quality, location, ease of management, and cost. The next objective was 
to jointly describe the characteristics of a high-quality borehole. The participants agreed that 
a borehole for rural water supply must provide a sufficient quantity of potable-quality water 
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to meet the anticipated demand. The factors that influence borehole water quality and yield 
are presented in Table 2. 

After having determined the factors that influence water quality and well yield, the 
participants agreed that, in a given location, boreholes of the same diameter; drilled to the 
same depth; equipped with the same casing, well screen, and gravel pack; and developed in 
the same way are identical. The way that the hole is made is irrelevant. This conclusion is 
important because it begins to overcome the perception that a borehole drilled by hand or 
with a small rig is inferior to a borehole drilled with a large rig—this opens up the discussion 
to focus on the best value for investment funds. 

Table 2. Factors contributing to water quality and yield 

Factors Influencing Well Yield 

 Geo-hydrological characteristics of the aquifer (porosity and permeability) 

 Gravel pack (grain size, quality of the material) 

 Quality of the installation 

 Length and open area of well screen 

 Development of the well 

Factors Influencing Water Quality 

 Aquifer characteristics (natural contaminant) 

 Location of the well (relative to pollution sources) 

 Superstructure design 

 Environmental protection 

 Water extraction method 

 Water treatment 

 Well protection 

Borehole Costs 
Although Senegal is on target to reach the MDGs, there will still be over 2 million people in 
rural areas without access to an improved water source in 2015. So there is still a substantial 
need in Senegal for more boreholes, and as the population increases, the need will continue to 
grow. Funding for new boreholes and for maintaining existing ones is limited, and therefore 
donors and the government are seeking cost-effective solutions.

Carter et al. (2006) sorts the cost of a borehole into four main categories: mobilization and 
demobilization costs, drilling costs, supply and installation of the casing, and development 
and test pumping. If it is assumed that the supply and installation of the casing and the 
development and test pumping are done in a similar manner, then any cost difference will 
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come from the mobilization and demobilization and the drilling costs. These costs are related 
to the depreciation of the equipment; cost of transport; and operating costs, including fuel and 
labor.

Table 3. Comparison of well-drilling costs 
Drilling Method Manual Small Rig Large Rig 

Equipment Landed Price $3,000 $45,000 $400,000

Cost Per Well 

Rig depreciation per well 1,2,3  $60 $450 $2,000

Interest on purchase (4% p.a.) $6 $45 $200

Transportation costs (150 km) $250 $250 $750

Operating costs per well $50 $200 $500

Maintenance costs per well (0.5%) $15 $225 $2,000

Labor per well $200 $100 $150

Equipment, labor, and operation costs $581 $1,270 $5,600

Other costs (35-meter-deep well) 4 $1,077 $1,077 $1,077

Total Cost (35-meter-deep well) 5 $2,238 $3,168 $9,014

Other costs (50-meter-deep well) 4  $1,334 $1,334

Total Cost (50-meter-deep well) 5 $3,515 $9,361

Other costs (100-meter-deep well) 4  $2,316

Total Cost (100-meter-deep well) 5 $10,686

Notes 
1 Manual drilling equipment is fully depreciated after 50 wells. 
2 Small drilling rig is fully depreciated after 100 wells. 
3 Large drilling rig is fully depreciated after 200 wells.  
4 PVC casing and well screen, gravel pack, sanitary seal, and well development in Senegal. 
5 Assuming business profit of 35%. 

When we look at the cost comparisons, we see that manual drilling saves 30% over the cost 
of a 35-meter-deep well when compared to the cost using a small rig, and there is a 75% 
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savings when compared to the cost using a large rig. This means that where it is feasible, 
using manual drilling allows four wells to be drilled for the price of one well drilled with a 
large rig. Correspondingly, a small rig drilling a 50-meter-deep well will save 63% over the 
cost of the same well drilled with a large rig, meaning that almost three wells can be drilled 
for the cost of one well drilled with a large rig. When we consider that in much of Africa the 
costs are inflated for wells drilled with larger rigs, due in part to limited competition, the 
benefits of using lower cost manual or small rig drilling become even more attractive and 
sensible.

Conclusions 
Working with the local private sector and selecting appropriate technologies results in a 
reduction of well-drilling costs by a factor of three to four as compared to conventional 
drilling. Involvement of all stakeholders is important to ensure acceptance of lower cost 
drilling methods. Local businesses who have adequate training and who have purchased their 
drilling equipment are providing high-quality wells for projects and individuals and will 
continue to do so far into the future. Developing capacity in the sector is important to ensure 
long-term sustainability. The combination of appropriate technology and local capacity 
building has proven to be a successful way to increase the number of wells that can be drilled 
for a given investment—an investment that can sustainably affect the health and economic 
well-being of communities, and develop the capacities of local manufacturers. 
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