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1   Background 
 

 

1.1 Background on the assignment 

In the Northern region of Ethiopia, Tigray, the Well Foundation is implementing projects since 2003. The 

objective of The Well Foundation is to offer structural support in order for people to sustain an independent 

and human living. Structural support is being offered in 4 areas that are fully geared to one another: 

infrastructure, healthcare, education and earnings generation. Since 2010 the Huisman Foundation is 

cooperating with The Well Foundation, mainly on health care and earnings generating. In the light of this 

framework, IDEA, Meta Meta and the Huisman Foundation were asked to assist the Well Foundation to assess 

the potential for low cost manual drilling (and potentially low cost pumps and irrigation methods) in two 

different areas of Tigray: Enda Selassie (Shire) and Abreha Weatsbeha (Wukro), Tigray, Ethiopia. 

 

 

1.2 Project partners 

 

The Well Foundation 

The Well Foundation Netherlands (TW-N) has initiated the local organization The Well Foundation Ethiopia 

(TWF-E). The latter is an independent not for profit NGO under Ethiopian law, focusing on water and sanitation 

projects and rural development. Small Enterprise Development is part of the program. TWF-E is based in Shire, 

Tigray. During the past six years, TWF-N has supported TWF-E with financial means and specific advice.  

 

IDEA 

International Development & Environmental Assistance (IDEA) is the registered name of Arjen van der Wal. 

IDEA facilitates training to small scale enterprises and employees in developing countries and assists companies 

and organisations with the full implementation of training programs. IDEA promotes the transfer of knowledge 

and production capacity to local partners and has developed several training programs for manual drilling and 

rope pump production and is author of several manuals on the production, installation and use of different 

technologies. In this project IDEA has visited the project area to assess the potential for manual drilling in Enda 

Selassie (Shire) and Abreha Weatsbeha. 

 

The Huisman Foundation 

The Huisman Foundation is an asset maintaining foundation, using its capital and donations to contribute to 

the improvement of the living conditions of people in Sub-Saharan Africa, a.o. in Enda Selassie (Tigray, 

Ethiopia). The Huisman Foundation is involved in water and sanitation, sustainable energy, health & welfare 

and the support of entrepreneurial activity. In this project, the Huisman Foundation has  given financial 

support, its knowledge and network. 

 

Metameta 

Metameta is a value driven company keen to support better water resource use and particular to help explore 

the potential for manual drilling in Tigray - where it undertakes several activities, including the Wahara project 

and the spate irrigation network. Metameta has facilitated its contacts in the Mekele university and helped 

with documentation in this project. 

 

Mekele University 

The Mekele University has lots of information on the hydrogeology of different parts in Tigray. In this project 

the university will serve as a counterpart for the area of Abreha Weatsbeha. 

 

 

1.3 What is manual drilling 

Manual drilling is a practical and affordable solution for wells less than 40 meters deep in alluvial soils (clay and 

sand) and soft weathered rock formations (i.e. weathered basalt). There are many areas around the world 

where it can effectively provide water for drinking and irrigation to un-served rural populations at a fraction of 

the cost of conventional drilling. Conventional machine drilling is expensive and rural areas are not always 

assessable. This is especially true in small isolated communities that will never benefit from the large donor 

funded drilling programs because they are often not included in national plans. In Tigray some traditional hand 
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dug wells dry up at the end of dry season and many of them face water quality problems. Low cost manual 

drilling may be a solution for the construction of safe drinking water points. However, this technique is 

unknown and a manual drilling sector is absent in Tigray. Therefore in this project the potential for the 

introduction of manual drilling in Enda Selassi and Abreha Weatsbeha has been assessed.  

 

 

1.4 The overall objective 

To give a strong impulse to manual drilling in Enda Selassie (Shire) and Abreha Weatsbeha (Tigray, Ethiopia). 

Therefore the project must a.o.: 

• Assess the potential of low cost manual drilling in the project area (phase 1). 

• Foster the set up and development of a local manual drilling sector (including manual drilling 

enterprises; phase 2). 

• Introduce manual drilling and further acceptance by potential clients (social marketing, training, etc) 

and initiate and stimulate a sufficient flow of orders/requests (phase 2). 

• Establish a sustainable use and operation & maintenance of the wells (training/education; phase 2). 
 

Approach 

Phase 1: feasibility check. Phase 2: implementation and scaling up. 

 

Phase 1: feasibility check (this project) 

To assess the potential for low cost manual drilling a short visit to the project area has taken place between 

November 4 and 17, 2012. During the visit existing information on geo-hydrology, interviews with the people 

working in the local water sector (water bureau, well diggers, university, etc) and field visits (observing 

landscape and hand dug wells) have given useful information about the potential for low cost manual drilling. 

Findings where then validated by doing test drillings and a market study in the project area(s).  

 

Phase 2: implementation and scaling up 

The outcomes of this ‘feasibility check’ (phase 1),  will determine if and in which direction phase 2 will be given 

shape. The ambition is to stimulate the incorporation of new drilling enterprises. One of the core activities is a 

capacity building (training) program in which local drilling teams and/or pump technicians will be trained. 

Leading to an independent and professional manual drilling sector who can serve individuals, farmers, small 

communities and NGO’s by making safe water points and/or irrigation wells. Furthermore, the existence of a 

sufficient flow of orders/request is conditional for a healthy drilling sector. Therefore potential clients should 

become enthousiastic on the advantages of manual drilling for them. This could be reached by information 

campaigns, training, field excursions and by playing a facilitating role to give potential clients access to the 

required financial means when needed.  Finally the importance of a sound use, operation and maintenance of 

the wells for the long term sustainable supply of potable water is beyond any doubt. Think of social 

marketing/mobilization, awareness/information campaigns, etc. 

 

Objectives of phase 1 

o Assess the potential for low cost manual drilling. 

o Insight in the whole (supply) chain for manual drilling. 

o A workshop on manual drilling to all participants/stakeholders in this project. 

o Insight in a outline for a manual drilling program. 

o A market research to assess the potential markted for manual drilling, done by the Mekele University. 

o Provide 2000 people with safe drinking water (only when geology and geography is suitable). 
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2   The mission 
 

 

2.1 Summary 

To assess the potential for manual drilling in Enda Selassie (Shire) and Abreha Weatsbeha a mission was 

conducted by Arjen van der Wal between the 4
th

  and the 17
th

 of November 2012. During the mission 

information on the feasibility of the area was collected through meetings with several government officials, 

field visits and interviews with potential users and well diggers. To exchange information on manual well 

drilling with local stakeholders, three workshops were organized. An inventory of the supply chain for materials 

was done and a start was made with a market research and test drillings to verify the findings of the mission. 

For a detailed planning of the activities please find the itinerary of the mission in appendix A.  

 

 

Shire (Enda Selassie): 
The Well Foundation Ethiopia has its office in Shire, the capital of the woreda Tahtay Koraro. The main focus 

was to check the feasibility in this woreda, but  to get a broader picture on the (market) potential for future 

manual drilling teams also the situation in the 3 neighbouring woredas was studied. 

 

2.2 Visits to offices 

In Shire several visits where made to the woreda water bureau. The Well Foundation Ethiopia has a good 

relation with the head of the water bureau and he is enthusiastic about the project. He announced that the 

initiative fits very well in the new government policy (i.e. focus on self supply). The head of the bureau was very 

cooperative and assigned a geologist and a hydrologist to work with us during the field visits in the woreda 

Taitai Koraro. Also the head of the neighbouring woreda of Medebi Zana was cooperative and assighned a 

hydrologist to accompany us during the field visits. Both woreda offices annouched that they were willing to 

conduct pumping tests and water quality analyses on the wells after drilling. However, the pumping tests and 

water sampling have been done by staff of the Well Foundation, as the woreda officials were too busy to do so 

(please see paragrahp 3.4 and 3.5 for more information about water quality and pumping tests). 

 

Also visits were paid to the head of the woreda administration office and the office for agriculture to inform 

them about the project. 

 

2.3 Field visits  

Two days field visits were made to different areas in the woredas Tahtay Koraro and Medibi Zana. During the 

field visits a lot of potential users (i.e. households, farmers and communities) were interviewed. Hand dug 

wells, geology, water levels, landscape and land use were studied together with a team member of the Well 

Foundation Ethiopia, a geologist and hydrologist of the water bureau and a member of the manual well drilling 

team from Bahir Dar (who later conducted the test drillings). A number of 10 test drilling locations where 

already identified during these field visits. Please find an overview of the field visits and first selected drilling 

locations in appendix B. Additional drilling locations have been selected by staff of the Well Foundation. 

 

2.4 Hydrogeology 

Most of the ‘smaller’ catchments (a valley surrounded by hills) have already been improved by placements of 

‘check dams’ in the rivers that run through these valleys. The check dams are now ‘blocking’ the rivers. Since 

the presence of these dams the deep gulley’s have been filled up with sediment and the rivers do no longer 

‘drain away’ the groundwater from the area and allow the rainwater to infiltrate better. As a result the water 

level in the catchments has come up by 2-5 meters in the pasts 5 years. In most visited valleys the ground 

water level is between 4 and 15 meters.  

 

The geology in the valleys consist of two/three layers. First a clay layer with a thickness of about 4-12 meters 

on average, sometimes containing some boulders in the middle of the valley. Followed by sand and a 

‘weathered basalt’ layer (according to the water bureau, although this layer sometimes looks like consolidated 

sediment). In most occasions the groundwater level is in this weathered basalt layer. Test drillings have been 

done to verify if this layer could be drilled and pump tests on these test wells have been done to show if the 

‘weathered basalt’ layers have enough ‘cracks’ to transmit the water through. In other words: is the discharge 

of this layer enough for the use of a hand pump. General rule here is that the discharge of the layer needs to be 
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more or equal to the discharge of the pump (for hand pumps this is 1,5 m
3
 

on average). Please find the results of the test drillings and pump tests in 

chapter 3. 

 

2.5 Drilling team 

Since they have been trained in 2008, a number of drilling teams is active in 

the area of Bahir Dar (Amhara region), about 1,5 day drive South of Shire. To 

conduct the test drillings (please see the previous paragraph), a drilling 

team was hired from Bahir Dar to drill a number of test wells during a period 

of 12 weeks (11 weeks in Shire and 1 week in Abreha Weatsbeha). The 

choice was made to use the manual drilling method ‘Sludging’ for this 

project, as this method has already been introduced in Ethiopia and is being 

used by the drilling teams in Bahir Dar. The drilling team has made drilling 

logs of each drilling attempt and one of the drillers and staff of the Well 

Foundation did pumping tests on a number of successful wells. Please find 

the results of the test drillings and pump test in chapter 3. 

 

2.6 Type of test wells 

During the field visits 10 test drilling locations where identified. To collect 

information from different ‘user groups’ the decision was made to install 

different PVC casings and pumps on the successful drilling locations. Some 

wells will be used for irrigation only (general located on farmland in the 

middle of the valley), other wells have been installed for Multiple use (MUS, 

house hold drinking water and small plot irrigation) or communal use 

(community drinking water).  

 

2.7 Land use and landscape 

All the visited locations (the ‘smaller catchments’) consist of a valley with 

hills ‘up stream’ or surrounded by hills on three sites. In the valleys (more or 

less flat) all the land is used as farmland, most of the time without the 

presence of houses. The people live on the edge of the valley or the lower 

slope of the hills, sometimes ‘alone’ and sometimes in small communities 

(10-50 households). 

 

2.8 Current water sources 

In most of the area three types of water sources are currently being used. In 

the valleys large diameter ‘hand dug’ wells have been excavated and lined 

with big pieces of rock. These wells are only being used for irrigation. The 

wells have a large diameter (6-10 meter) and therefore a lot of storage 

capacity. Farmers are happy that the wells do have sufficient water all year 

round and use the wells for the irrigation of a second crop (after the harvest 

of the rain fed crop). The farmers however are unhappy with the large 

diameter (consuming a lot of square meters of their valuable land) and the 

wells can not be purchased by an individual as they are very expensive (i.e. 

45000 -70.000 Birr).  

 

Most of the house holds do have a traditional open hand dug well with a 

diameter of about 1 meter. The wells are used for drinking water and small 

plot irrigation. Advantage of these wells is that they are cheap and close 

located to the houses. The disadvantage of the open hand dug wells is the 

water quality. In many of the visited hand dug wells frogs and insects where 

observed. Unfortunately water quality analyses on private open hand dug 

wells are usually not done. Some of the wells dry up during the dry season. 
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For communal drinking water supply some NGOs and the government have 

placed a number of machine drilled wells and lined and closed hand dug 

wells in the area. The number of these wells however is very limited. 

 

2.9 Number of potential beneficiaries in suitable areas 

During the field visits in each area the government officials from the woreda 

gave us the number of house holds that live in the estimated suitable area 

for manual drilling. After the field visits an indication of the number of 

households in suitable areas was made (based on a similar hydrogeology in 

other catchments) for the areas (kabeles) and woredas that have not been 

visited during the mission.  

 

It is estimated that a number of 5147 house holds (equal to 25735 

beneficiaries) can benefit from manual drilling in the four woredas: Tahtay 

Koraro, Medibi Zana, Laielay Adibo and Asgeda Symbella. However, since 

only 22 test drillings have been done, with 8 failures due to the presence of 

hard layers this figure can only be seen as an idication. Please also note: an 

indication of the number of potential farmers who are farming in the middle 

of the valleys in suitable areas is still unknown. Please find an estimation of 

the house holds in suitable areas and a map of the woreda in appendix B. 

 

2.10 Workshop on manual drilling 

To inform the government officials and stakeholders about the project of 

the Well Foundation and to introduce the concept of manual drilling to 

them, two workshops were organised. One workshop was held for all 

employees of the Well Foundation and another workshop was organised for 

government and stakeholders. Officials from the Zonal Water bureau, the 

woreda water bureau, the woreda administration office and the woreda 

agricultural bureau were present. The local implementing NGOs REST and 

Kale Heywet Church were not present. During the workshop a power point 

presentation was given on manual drilling, the possibilities and limitations 

of the technology, the different type of wells that can be drilled and of 

course attention was given to the feasibility of the technology in different 

geological conditions. During the presentation questions were asked by the 

participants. 

 

2.11 Supply chain of drilling materials 

An inventory was made of hardware shops in Shire and Mekele and prices of 

a number of materials that were too expensive or not present in Shire were 

asked from suppliers in Addis Ababa. Most of the materials needed for 

drilling can be purchased from Shire. A few items, such as the PVC casing 

pipes are not available or are too expensive. Purchasing those from Mekele 

is not a solution as the items were not available. However PVC pipes and 

filter screen can easily be purchased directly from Addis. Delivery time is 

generally week. Please see appendix C for a short summary on the prices of 

materials and the best purchase location. 

 

2.12 Market research 

The feasibility study alone will only show the technical possibilities to drill 

wells. What the market is for potential manual drilling enterprises depends 

on several factors. For example, what is the purchase power of farmers and 

individual households, in other words do they want to invest in a well? What 

is the exact price of the well? What are the prices of the different pumps 

that can be used in different conditions? What are the investment costs for 

the manual drilling enterprise? All these questions are important for the 

potential market (demand) for manual drilling. To find an answer to these 

questions a person from the Mekele university has been contracted to do a 
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market research. The research has been carried out in the months, after the mission (please see chapter 4). 

 

However, experts have made the following remark: Please note that not all farmers will tell how much money 

they have, to strangers. Farmers approached for the test drillings announced that they were able to purchase a 

pump ‘right out of their pocket’ from their savings, but would not say how much savings they have.  

For the period of test drillings the Well Foundation is paying for the wells, but the farmers and house holds 

have to purchase the privately used pumps. After this test phase, in a potential future project the farmers and 

house holds will have to pay the full price for the well and the pump for privately owned wells. For community 

wells or MUS wells for groups of households NGOs may subsidize. Therefore existing NGOs or governments are 

also potential clients for future manual drilling teams. 

 

 

Abreha Weatsbeha: 
The area of Abreha Weatsbeha is known for its innovative solutions and most of the woredas in Tigray see the 

Abreha Weatsbeha as an ‘example area’. Delegations from other woredas often travel to Abreha Weatsbeha to 

observe new and innovative ideas. This is all thanks to the head of the area who is eager to try new things. 

Metameta and the Mekele University have worked together for many years and both have visited the head of 

the area for several times. The idea was taken up to include this area in the project as it serves as an example 

area for Tigray. The quick scan showed that there could be potential for manual drilling in this area. A visit to 

Mekele, the university and the area of Abreha Weatsbeha was made between November 11 and 13. 

 

2.13 Field visit and water bureau 

A one day field visit was organised by a person from the Mekele University. First a visit was made to the 

woreda water bureau in Wukro. The head of the water bureau responded positive to the initiative and assigned 

a hydrologist to assist during the field visit in Abreha Weatsbeha. Wukro is located about 1 hour drive North 

from Mekele and Abreha Weatsbeha is another 30 minutes drive North/East of Wukro. 

 

After a meeting with the head of the area a trip was made to 3 different locations in Abreha Weatsbeha. The 

landscape in the area varies a lot and can be described as ‘hills surrounded by mountain ridges’. The geology 

varies a lot in the area and in a lot of places a hard sandstone layer can be observed right on the surface. In one 

location (hand dug well) a clay layer of 5 meter was found on top of the sand stone. However, the clay 

consisted of many big boulders that would make manual drilling difficult. Finally two locations were selected 

for drilling, both consisting of a layer (thickness 5 meter) of soft sediment material (clay, sandy clay and sand) 

followed by 3 meters of soft sand stone (which could be drilled) and then followed by harder sand stone (which 

cannot be drilled). However the feasibility in this area is high since the sand layer on top of the sandstone 

transmits water easily.  

 

2.14 Number of estimated farmers in suitable area 

Unfortunately the geographic suitable area is small and only being used by approx. 210 farmers. The estimated 

number of farmers in a suitable area in a neighbouring area called Debre Tsien is 150. In total a number of 360 

farmers can benefit from the introduction of manual drilling. Two test drilling locations have been identified 

(site name: Mi Kutsa in Abreha Weatsbeha), in which one well was successfully drilled for irrigation (treadle 

pump) and one well failed due to collapse, please see par. 3.2. 

 

2.15 Workshop 

To inform the government officials and stakeholders about the project  and to introduce the concept of manual 

drilling to them a workshop at the Mekele University was organised. For this workshop the decision was made 

to invite people from the university and officials from the woreda water bureau in Wukro. During the workshop 

a power point presentation was given on manual drilling, the possibilities and limitations of the technology, the 

different type of wells that can be drilled and of course attention was given to the feasibility of the technology 

in different geological conditions. During the presentation questions were asked by the participants. 

 

2.16 Mekele University 

The Mekele University has served as a counterpart in this ‘test phase’ of the project. The university has 

assigned a project manager who guided the drilling team during the test drillings in Abreha Weatsbeha. Also 

discussions took place about the role that the university is willing to take in future ‘scaling up’ programs for 

manual drilling throughout other areas in Tigray.  
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3   The test drillings 
 

3.1 Summary 

Since they have been trained in 2008, a number of drilling teams is active in 

the area of Bahir Dar (Amhara region), about 1,5 day drive South of Shire. 

To conduct the test drillings (please see paragraph 2.4 and 2.5), a drilling 

team was hired from Bahir Dar to drill a number of test wells during a 

period of 9 weeks. After these 9 weeks the drilling team was hired for 

another 3 weeks to do more test drillings. The choice was made to use the 

manual drilling method ‘Sludging’ for this project, as this method has 

already been introduced in Ethiopia and is being used by the drilling teams 

in Bahir Dar. The drilling team has made drilling logs of each drilling 

attempt. The test drillings have been done to verify if the weathered basalt 

layer could be drilled. Then pumping tests were done to test whether the 

discharge of this layer is enough for the use of a hand pump.  

 

 

3.2 Test drillings 

During the test drilling period a total number of 22 drilling attempts has 

been made of which 12 attempts were successful and 10 failed (based on 

information provided by the WF Ethiopia and the drilling team). The 12 

successful wells have all been equipped with a well casing and on some of 

the wells a pump has already been installed (please see next paragraph). In 

all boreholes a permeable sand layer was drilled before reaching the soft 

weathered basalt layer.  

 

From the failed drilling attempts 8 drilling attempts failed as boulders were 

present and/or the weathered basalt layer was too hard to penetrate, 

before the groundwater was reached. 1 attempt failed due to a broken drill 

pipe (drill bit lost on the bottom of the hole) and 1 attempt failed in Abreha 

Weatsbeha due to a collapsing borehole in soft sands (usually collapsing of 

a borehole during drilling can be prevented by the use of a drilling additive 

(drilling additive mixed with working water), but due to the fact that the 

hired drilling team did not have experience in drilling in collapsing sands a 

drilling additive was not adequately used). 

 

 

3.3 Beneficiaries and installed pumps 

After drilling a total number of 4 Rope pumps have been installed. On one 

borehole an Afridev pump will be installed (to date the pump has not been 

installed yet, due to absence of the contractor. He is one of the very few 

capable of doing a good installation). The pump has been ordered and will 

be installed as soon as the contractor will be available. 

 

Based on information of the WF Ethiopia (not varified by the author) 5-7 

beneficiaries/pump are using the private owned pumps, between 35 and 

50 beneficeries/pump are using the 4 small communitiy rope pumps and an 

estimated number of 250 beneficiaries (50 households) will be using the 

Afridev pump.  

 

In total an estimated number of 450 beneficarries have now access to one 

of the 5 pumps provided by the project. The other 7 succesfull wells have 

not been equiped with a pump (a well casing only) by this project and/or 

will be equiped with a pump by the users themselves. It is estimated that 

about 300 beneficiaries will be using these 7 boreholes. In total the project 

has reached an estimate of 750 beneficiarries. As this has been a feasibility 
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study not all wells have been succesfull (please see par. 3.2) and unfortunately the drilling attempts on the 

locations for two other Afridev pumps in Shire have failed. In Abreha Weatsbeha the original plan (proposal) 

was to install an Afridev pump, however since the only suitable areas in Abreha Weatsbeha consists of 

farmland the decision was taken to drill an irrigation well. In total 1 of the 4 Afridev pumps mentioned in the 

proposal has been installed. 

 

Some of the installed rope pumps in Shire showed a minor imperfection after installation, due to a lack of 

expertise in installation and maintenance skills. This expresses the need for proper installation, operation and 

maintenance training. It is recommended to train local service providers in installation, operation and 

maintenance training in future. During this project this has not been carried out, as the pumps were imported 

from Amhara Region, while local expertise on installation and maintenance was absent. 

 

 

3.4 Pumping tests 

On all the wells a first indicative pumping test has been preformed by the drilling team, using the drill pipes. 10 

out of the 12 wells showed a continues water output while pumping for a period of two hours or more. During 

this period the static water level in the wells did not show any drawdown at all. This means the discharge of the 

well is higher than the discharge of the installed pumps. On 2 of the wells a drawdown was measured. In one of 

the wells it was possible to continue pumping and the static water level recovered within minutes (which is ok). 

One well did give a discharge for a period of 30 minutes, but with an increasing drawdown. Recovery of the 

static water level took 20 minutes. This means that this well can only be used for a period of 30 minutes at the 

time. 

 

After the indicative pumping test, on five wells an official pumping test was done by staff of the Well 

Foundation. All the wells show during the pumping test a continues water flow, except one well which shows 

good results, but some data indicate that a mistake or pump failure has taken place during the test, therefore 

the results of this test cannot be used. 

 

The overall conclusion is that most of the wells show a good and continues discharge for the use of a hand or 

treadle pump. 

 

 

3.5 Water quality tests 

On six wells water quality tests have been preformed on the presence of E-Coli. Also the pH and turbidity has 

been checked. The water quality analyses have been done by qualified staff of the woreda health office. Five 

out of the six samples showed excellent results. In one sample a little bit of E-Coli has been found, probably 

due to the use of cow dung (as a drilling fluid) during the drilling process. It is recommended to chlorinate the 

well and test the presence of E-Coli once again after a few weeks. 

 

 

3.6 Best drilling method(s) in relation to the geology 

Based on the results of the test drillings and the geology in the area a number of drilling attempts have failed 

due to the presence of boulders and or weathered basalt, which was too hard to drill. The simple sludge 

methods seems to work very well in the clay and sand layers on top of the weathered basalt. To further 

increase the success rate of drilling it is recommended to carefully map the drilling logs of the drilled boreholes 

(successes and failures). And to provide training in site selection, enabling the future drilling teams to avoid 

locations which can not be drilled, based on these previous drilled boreholes.  

 

Another recommended option is to use a combination two drilling methods in a drillers tool kit. Based on the 

geology a combination of sludging and percussion may be the preferred. The current used simple sludging is 

limited in its capacity to penetrate the weathered basalt layer. On places where the drilling attempts fail the 

Rota sludge method (simple sludge combined with a heavy drill bit and rotation) in combination with the 

percussion method (a heavy weight hammering the weathered basalt to gravel) may increase the success rate 

of the wells in Shire area. In the area of Abreha Weatsbeha where mainly sand is found the simple sludge will 

work well. Another option there is to use the jetting method, which works quicker in sands. 
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4   The market research 
 

4.1 Summary 

The feasibility study alone will only show the technical possibilities to drill wells. What the market is for 

potential manual drilling enterprises depends on several factors. For example, what is the purchase power of 

farmers and individual households, in other words do they want to invest in a well? What is the exact price of 

the well? What are the prices of the different pumps that can be used in different conditions? What are the 

investment costs for the manual drilling enterprise? All these questions are important for the potential market 

(demand) for manual drilling. To find an answer to these questions Mr. Fredu Nega Tegebu, assistant professor, 

from the Mekele university has been contracted to do a market research. The research has been carried out 

between February and May 2013. 

 

4.2 Findings 

For a detailed explanation on the market research, the methodologies used and the outcomes, please see the 

document: “Market Potential for Manually Drilled Drinking and Productive Wells in Selected Woredas in Tigray 

Regional State, Ethiopia” in appendix D. 

 

Summary (quotes from the report): ……“Both primary data collected through questionnaires on sample 

households and secondary data have been used to look into the market potential of manual drilling. From the 

survey findings the following key conclusions can be deduced: 

 

Manually drilled wells satisfy the water supply preference of the community: 

The survey results indicate that the local community prefer for a water supply that is protected with good tests, 

good quality and convenient in terms of availability and distance. The preference of the households seems to fit 

into the qualities of manually drilled wells. Manually drilled wells are sealed/tight so that the water is protected. 

This increases the quality of the water in terms of taste, colour, odour etc. Moreover, depending upon the 

nature of the soil and availability of water, manually drilled wells can be constructed close to the resident areas 

and households especially women are not expected to travel long to fetch water. Also, since manual drilled 

wells are drilled deeper into the aquifer compared to the traditional hand dug wells, manual drilled wells do not 

run dry at the end of dry season. 

 

Price indication of different types of wells in various circumstances: 

The costs for the construction of a 11 meters deep manually drilled water well (in ETB) have been determined. 

 
Table: Price indication of different types of wells 

Cost type Scenario one 

(hard soil) 

Scenario two 

(medium soil) 

Scenario three 

(soft soil) 

A. 2” grey PVC (suction) 14465 12815 12595 

B. 4” grey PVC (rope pump) 19963 18313 18093 

C. 5” blue PVC (Afridev) 26980 25330 25110 

 

Cost benefit analyses and pay back period for manual drilled wells and hand dug wells: 

A cost benefit analyses for the different types of wells has been carried out. First the operational costs of 

irrigating 0.25 ha of land have been determined. Subsequently the estimated revenues from 0.25 ha irrigated 

land in one production cycle of a high yield crop (onions) were calculated for three price scenarios. Comparing 

the net return with the cost price of a well gives an indication of the pay back time. The results presented in the 

table underneath show a very strong business case for manual drilled wells.   

 
Table: Cost benefit analyses and pay back period of different type of wells under various price scenarios 
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Cost comparison of manually drilled vs machine drilled communal wells: 

The study gives an indication of the attractiveness of manually drilled wells above machine drilled wells. A 

machine drilled communal well is more than half as expensive as manually drilled communal wells. This means, 

on locations where the manual drilling method can be applied, a government/NGO can provide much more 

people with drinking water for the same amount of money by using manual drilling.  

 

There is a reasonably good demand for manual drilling: 

Results of the study revealed that the technology fits well into the policy priority of the regional government at 

large and that of the local (woreda) administration in particular. The survey results also indicate that 

households in the study area appreciate the importance of the technology and the majority (76%) are willing to 

pay. There is a reasonably big demand for manual drilling.  

 
Table: willingness to pay for a private manual well at 

different cost estimates 
Table: projected demand for private manually drilled wells 

  
 

The means of financing the cost of construction of manually drilled wells are by own saving (11.5%), own saving 

and borrowing (80.8%) and only borrowing (7.7%). This indicates the importance of involvement of MFIs and/or 

banks. 

 

Most households (81.4% for drinking and 72.9% for irrigation) are willing to contribute for construction of 

shared, communal wells. Also the willingness to contribute for the services they get has been determined. This is 

important for operation and maintenance of the communal wells for drinking water. 

 
Table: Households willingness to  contribute to communal wells Figure: Willingness to pay for a jerrycan of water from 

a communal well 

  
 

Involvement of stakeholders: 

Wider application and expansion of manual drilling requires involvement of all stakeholders especially the 

regional and local administration, NGOs involved in water development and financial institutions.  Streamlining 

the technology into the activities of the woreda Water Resources, Mining and Energy is a priority task that could 

increase the marketability of the technology. The willingness to pay results indicate that most respondents 

willing to pay for a manually drilled well want to cover the cost of investment either partly or wholly from credit. 

Micro-credit need to be made familiar with the business argument for irrigated agriculture and the equipment 

and costs that go with it and for technologies to develop water resource.”….. 
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5   Conclusions and recommendations 
 

 

5.1 Hydrogeology 

Most of the ‘smaller’ catchments (a valley surrounded by hills) have already been improved by placements of 

‘check dams’ in the rivers that run through these valleys. As a result the water level in the catchments has 

come up by 2-5 meters in the past 5 years. In most visited valleys the ground water level is between 4 and 15 

meters. This is well within reach of manual drilling. 

 

The geology in the valleys consists of two/three layers. First a clay layer with a thickness of about 4-12 meters 

on average, sometimes containing some boulders in the middle of the valley. Followed by sand and a 

‘weathered basalt’ layer. The test drillings have verified that the clay and sand layers are easy to drill. The 

weathered basalt and boulders are harder to drill.  

 

During the test drilling period a total number of 22 drilling attempts has been made of which 12 attempts were 

successful and 10 failed. The 12 successful wells have all been equipped with a well casing. From the failed 

drilling attempts 8 drilling attempts failed as boulders were present and/or the weathered basalt layer was too 

hard to penetrate, before the groundwater was reached. 1 attempt failed due to a broken drill pipe and 1 

attempt failed in Abreha Weatsbeha due to a collapsing borehole (both could have been prevented). In the 

area of Abreha Weatsbeha mainly sand is found in a limited feasible area, which is easy to drill. 

 

 

5.2 Prefered drilling method 

A number of drilling attempts have failed due to the presence of boulders and or weathered basalt, which was 

too hard to drill. The simple sludge methods seems to work very well in the clay and sand layers on top of the 

weathered basalt.  

 

It is therefore recommended to use a combination two drilling methods in a drillers tool kit. Based on the 

geology a combination of sludging and percussion may be the preferred. The current used simple sludging is 

limited in its capacity to penetrate the weathered basalt layer. On places where the drilling attempts fail the 

Rota sludge method (simple sludge combined with a heavy drill bit and rotation) in combination with the 

percussion method (a heavy weight hammering the weathered basalt to gravel) may increase the success rate 

of the wells in Shire area. In the selected area of Abreha Weatsbeha where mainly sand is found the simple 

sludge will work well. Another option there is to use the jetting method, which works quicker in sands. 

 

To further increase the success rate of drilling it is recommended to carefully map the drilling logs of the drilled 

boreholes (successes and failures). And to provide training in site selection, enabling the future drilling teams 

to avoid locations which can not be drilled (based on the previous drilled boreholes).  

 

 

5.3 Water quality and yield 

On six wells water quality tests have been preformed on the presence of E-Coli. Also the pH and turbidity has 

been checked. Five out of the six samples showed excellent results. In one sample a little bit of E-Coli has been 

found, probably due to the use of cow dung (as a drilling fluid) during the drilling process. It is recommended to 

chlorinate the well and test the presence of E-Coli once again after a few weeks. 

 

On all the wells a first indicative pumping test has been preformed by the drilling team, using the drill pipes. 10 

out of the 12 wells showed a continues water output while pumping for a period of two hours or more. During 

this period the static water level in the wells did not show any drawdown. This means the discharge of the 

wells is higher than the discharge of the installed pumps. On 2 of the wells a drawdown was measured with a 

limited yield after 30 minutes of pumping. 

 

After the indicative pumping test, on five wells an official pumping test was done. All the wells show during the 

pumping test a continues water flow. The overall conclusion is that most of the wells show a good and 

continues discharge for the use of a hand or treadle pump. 
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5.4 Potential market 

Results of the market study revealed that manual drilling fits well into the policy priority of the regional 

government and that of the local (woreda) administration in particular. The survey results also indicate that 

households in the study area appreciate the importance of the technology and the majority are willing to pay. 

There is a reasonably demand for manual drilling by farmers and private households. For communal wells 

(subsidized or provided by NGOs) the market demand for manual drilling enterprises does not come from 

individual users, but from NGOs. So far, the Ethiopian Well Foundation and the Ethiopian Kale Heywet Church 

are planning to implement a significant number of communal wells in future. Part of these wells will be done in 

feasible areas.  

 

 

5.5 Potential drilling enterprises 

So far it is estimated that there is market for about 2 drilling teams in Shire, 1 drilling team in Abreha 

Weatsbeha and its surroundings, and 2 drilling teams in project areas of the Ethiopian Kale Heywet Church 

(EKHC, for more information on EKHC please see paragraph 5.11). In Shire the Well Foundation has made a 

start to identify potential entrepreneurs that are willing to start manual drilling as a business. So far one 

entrepreneur has been identified. Also the EKHC will investigate further. 

 

 

5.6 Supply chain 

All materials that are needed for drilling and installation of wells are coming from Addis Ababa. Some of the 

materials are hold on stock in hardware stores in Shire and Mekele, others have to be ordered from Addis 

Ababa. It takes about 1 week for transport from Addis to Shire. It is adviced to involve hardware stores in 

future activities, as they have capital to order materials by truck load from Addis. The drilling teams on their 

turn can then buy small quantities at the time. 

 

 

5.7 Rope pumps 

Some of the installed rope pumps showed a minor imperfection after installation due to a lack of expertise in 

installation and maintenance skills. This expresses the need for proper installation, operation and maintenance 

training. It is recommended to train local service providers in installation, operation and maintenance training 

in future. During this project this has not been carried out, as the pumps are new to the area and were 

imported from Amhara Region, while local expertise on installation and maintenance was absent. Wing pumps, 

treadle pumps and Afridev pumps are present in the area and can be purchased form Shire and Addis Ababa. 

 

 

5.8 Overall conclusion 

From hydrogeological perspective manual drilling is suitable in carefully selected areas. The success rate of 

manual drilling can be improved by the use of heavier manual drilling equipment/methods. The water quality 

and yield of most wells are good. In the project area Shire and surroundings about 5000 households live in 

suitable areas of which about three quarter of the households/farmers are willing to pay something to own a 

private well. Whether they are prepared to pay the full price or contribute to a shared well mainly depends on 

their income. Based on this first phase it is estimated that there is a market for manual drilling. 

 

 

5.9 The Well Foundation Ethiopia 

The Well Foundation Ethiopia has shown a lot of motivation during the implementation of the project and a 

high participation and motivation of the key members has been observed. The WF Ethiopia did the local 

implementation of the project and supervised the drilling activities very well. However, it has not always been 

easy to interpret  the outcomes of the activities for the author of this report on distance, since the reporting 

capacity of the local team members is limited. It is therefore strongly recommended that the WF Ethiopia 

improves its local management (skills) before a potential next phase can be implemented.  

 

 

5.10 Recommended next steps 

Based on the first phase of the project it is recommended to continue with the second phase. A search for 

funding should be started. It is recommended to pay extra attention on training and capacity building of the 
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whole water sector; manaul drilling teams, metal workshop for the production of drilling tools and potentially 

pumps, pump installers and quality controllers. It is also recommended to carefully monitor and investigate the 

hydrogeological suitability, especially when new areas are entered. It is recommended to do proper social 

marketing as manual drillled wells are new in the project area(s).  

 

 

5.11 Organisations involved 

Apart from the Ethiopian Well Foundation, The Huisman Foundation, Metameta, the Mekele University and 

IDEA, the Ethiopian Kale Heywet Church Water & Sanitation Program has expressed its interest in manual 

drilling and may be willing to participate in phase two of the project. To inform the EKHC water program about 

manual drilling and the project, a full day workshop was provided by The Huisman Foundation and IDEA on 

April 20 in the EKHC main office in Addis Ababa. The EKHC expressed their interest and are currently discussing 

internally in which activities they would like to be involved. So far it looks they are willing to train two drilling 

teams in two woredas in Southern Tigray. Tear Netherlands and Tear UK have expressed their interest to 

participate with a contribution to EKHC. Several meetings with Tear Netherlands and Tear UK have taken place. 

 

In Mekele the University is interested to participate in phase two. Discussion on the role of the University are 

ongoing. 
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Appendix A   Itinerary 

 

2012 

03/11 Travel Deventer – Schiphol 

 

04/11 Travel Schiphol – Addis Ababa 

 

05/11 Travel Addis Ababa – Shire 

 Kickoff meeting with Henk, Henny and Aregawi (Well Foundation) and planning of mission. 

 Visit to woreda water bureau and woreda administration office. 

 

06/11 Meeting with Aregawi to prepare for workshop, office visits and field visits. 

 Preperations for the visit to Mekele. 

 Discuss purchase list of materials & equipment and meeting with manual drilling team from Bahir Dar. 

 Visit to woreda water bureau and discussions with head of the office and geologist. 

 Workshop on manual drilling for employees of the Well Foundation. 

 

07/11 Preperations & invitations for the workshop on manual drilling for government officials. 

 Field visits to Kabeles in the woreda Taitai Koraro. 

 

08/11 Field visits to Kableles in the woredas Taitai Koraro and Medebi Zana. 

 

09/11 Workshop for employees of government offices of: the water bureau (woreda & zonal), administration 

(woreda) and agriculture (woreda). 

 Visit to bureau of agriculture, selection of first drilling site and start of test drillings. 

 Preperations for visit to the Mekele university and Abreha Weatsbeha. 

 

10/11 Debrieffing and evaluation of the mission with Henk, Aregawi sr. and Aregawi jr. Discussions on follow-

up, reporting and other arrangements to be done within the project. 

 Visit to test drilling team. 

 

11/11 Travel Shire – Mekele 

 Kickoff meeting with Shishay (Mekele University) and preperations for field visit (car rental, etc.) and 

workshop. 

 

12/11 Visit to hardware shops for the purchase of drilling materials with Imanuel (Well Foundation). 

Visit to woreda water bureau in Wukro and discussions with head of office and hydrogeologist. 

 Field visits to Kabeles in Abreha Weatsbeha and meeting with the head of the woreda.  

Meeting with Mr. Fredu (Mekele University and responsible for the marked research). 

 

13/11 Evaluate findings and prices from hardware shops with Imanuel (Well Foundation). 

Workshop at the Mekele university for people of the Wukro water bureau and Mekele university. 

 Meeting with Dr. Kifle and others of the Mekele university and discussions on the follow-up and the 

role of the university in this project. 

 Travel Mekele – Addis Ababa 

 

14/11 Addis Ababa 

 

15/11 Addis Ababa/Wolisso 

 

16/11 Addis Ababa. Start travel Addis Ababa – Amsterdam 

 

17/11 Travel Addis Ababa – Amsterdam – Deventer 

 

2013 

20/05 Workshop at the Ethiopian Kale Heywet Curch water programm in Addis Ababa
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Appendix B   Field visits and first selected test drilling locations 
 

 

Location 1A 

Site name:  Lemlem (near WF training centre) 

Kabele:   Lemlem 

Woreda:   Tahtay Koraro 

GPS alt:   1892 m  North: 1557594  East: 0421193 

Observations:  Flat plain (wide valley). Furhter down the valley presence of boulders. 

Expected soil:  0-3 Clay, > 3 weathered basalt 

Expected water level: 4 meter 

Land use:  households with small plots for irrigation 

Selected for drilling:  1 well (3 households)   Use of the well: Multiple Use (MUS) 

Number of households in suitable area: 70     

 

 

Location 1B 

Site name:  Adi Abozet (near WF training centre) 

Kabele:   Lemlem 

Woreda:   Tahtay Koraro 

GPS alt:   1895  North: 0420793   East:  1557877 

Observations:  Flat plain (wide valley) 

Expected soil:  0-4 Clay, >4 weathered basalt 

Expected water level: 4 meter 

Land use:  households with small plots for irrigation 

Selected for drilling: 1 well (private)    Use of the well: Multiple Use (MUS) 

Number of households in suitable area: 60     

 

 

Location 2 

Site name:  Adi Kumbro 

Kabele:   Mi Adraska 

Woreda:   Tahtay Koraro 

GPS alt:   1931 m  North: 1561249  East: 0426664 

Observations: Flat valley surrounded by hills, river runs through the middle of the valley, close to 

the river presence of boulders. 

Expected soil:  0-6 Clay, > 6 weathered basalt 

Expected water level: 5-10 meter 

Land use:  In valley: all farmland. On the edge of the valley househods with small irrigated plots 

Selected for drilling: 1 well (private, edge of valley)  Use of the well: Multiple Use (MUS) 

Number of households in suitable area: 757     

 

 

Location 3 

Site name:  Adi Gedat 

Kabele:   Adi Gedat 

Woreda:   Tahtay Koraro 

GPS alt:   1923 m  North: 1556585  East: 0429179 

Observations: Flat valley surrounded by hills, river runs through the middle of the valley, close to 

the river presence of boulders. 

Expected soil:  0-5 Clay with small boulders, >5 weathered basalt 

Expected water level: 4 meter 

Land use:   In valley: all farmland. On the edge of the valley househods with small irrigated plots 

Selected for drilling: 1 well (farmer in valley)   Use of the well: irrigation 

Number of households in suitable area: 420    
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Location 4 

Site name:  Adi Besah 

Kabele:   Beles 

Woreda:   Tahtay Koraro 

GPS alt:   1950 m  North: 1554795  East: 0435878 

Observations: Very wide and flat valley surrounded by hills, slightly declining, some small boulders 

close to the small rivers. 

Expected soil:  0-5 Clay, >5 weathered basalt 

Expected water level: 10 meter in middle of the valley, 16 meters at edge of the valley. 

Land use: In valley: all farmland. On the edge of the valley househods with small irrigated plots 

and groups of houses (small communities). 

Selected for drilling: 1 well (farmer in valley)   Use of the well: irrigation 

   1 well (communal well with Afridev pump) Use of the well: communal 

Number of households in suitable area: 350     

 

 

Location 5 

Site name:  Akoro 

Kabele:   Adi Menaber / Adi Abezahe 

Woreda:   Tahtay Koraro 

GPS alt:   1952  North: 0435889  East: 1554835 

Observations: Very wide and flat valley surrounded by hills, slightly declining, some small boulders 

close to the small rivers. 

Expected soil:  0-5 Clay, >5 weathered basalt 

Expected water level: 10 meter in middle of the valley, 16 meters at edge of the valley. 

Land use: In valley: all farmland. On the edge of the valley househods with small irrigated plots 

and groups of houses (small communities). 

Selected for drilling: 1 well (communal well with Afridev pump) Use of the well: communal 

Number of households in suitable area: 250     

 

 

Location 6 

Site name:  Adek Kedeso 

Kabele:   Adek Kamaleg 

Woreda:   Medebi Zana 

GPS alt:   1989  North: 0442432  East: 1558418 

Observations: Flat valley surrounded by hills, river runs through the middle of the valley, close to 

the river presence of boulders. 

Expected soil: 0-8 Brown and black clay, >8 weathered basalt. Basalt expected to be harder up the 

valley and softer down the valley. 

Expected water level: 8-11 up the valley and 3 meter down the valley 

Land use: Up the valley and on the edge of the valley househods with small irrigated plots and 

down the valley farmland only. 

Selected for drilling: 1 well (private well up the valley)  Use of the well: Multiple Use (MUS) 

   1 well (farmer well down the valley) Use of the well: irrigation 

Number of households in suitable area: 120     

 

 

Location 7 

Site name:  Adig Kesat 

Kabele:   Adek Kamaleg 

Woreda:   Medebi Zana 

GPS alt:   1965  North: 0439547  East: 1559991 

Observations: Flat valley surrounded by hills, river runs through the middle of the valley, close to 

the river presence of boulders. 

Expected soil:  0-7 Clay, >7 weathered basalt 

Expected water level: 5-7 
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Land use: In valley: all farmland. On the edge of the valley househods with small irrigated plots 

and groups of houses (small communities). 

Selected for drilling: 1 well (communal well for 50 households) Use of the well: communal 

Number of households in suitable area: 120     

 

 

Pumps to be placed: 

Suction pump on water levels up to 6 meter: wingpump for MUS, treadle pump & motorpump for irrigation. 

Lift pump on deeper water levels: Afridev for communities or rope pump for MUS 

 

 

Estimated households in suitable areas: 

Woreda Kabele Suitable areas Households* in suitable area 

 

Locations visited (see above) 

 

Tahtay Koraro Lemlem 2 130 

 Mi Adraska 1 757 

 Adi Gedat 1 420 

 Beles 1 350 

 Adi Menaber 1 250 

Medebi Zana Adek Kamaleg 2 240 

 

Locations not visited (estimations by local expert): 

 

Tahtay Koraro My Timket 3 480 

 Semama 2 350 

 Sekella Koyesa 2 120 

 Adi Kokob 3 250 

Medebi Zana Suitable catchments 4 360 

Laielay Adibo Suitable catchments 5 600 

Asgeda Symbella Suitable catchments 7 840 

Total number of estimated households in suitable areas:                               5147 

* 1 household = approx. 5 users 
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Appendix C   Prices of materials 
 

 

Item   Price (incl. 15% VAT)* Purchase location Best purchase location 

 

 

Pumps: 

 

Afridev pump  11000 Birr  Shire   Shire 

 

Concrete slab  1000 Birr  Shire   Shire 

     

Rope pump  4485 Birr  Selam Addis (expensive!) to be identified 

 

Wing pump  1750   Shire   Shire 

 

Treadle pump  1400 Birr  Shire   Shire 

 

 

Drilling materials: 

 

Gravel pack  320 Birr / donkey load 

   (= 2 bags of 25kg)  Shire   Shire 

 

PVC pipe  

Gray blind pipe (100mm) 1500 Birr / 4 meter Shire (expensive!) Addis 

 

 

Price (excl. 15% VAT): 

 

PVC pipe 

Gray blind pipe (100mm) 575 Birr / 3 meter Addis   Addis 

 

PVC pipe 

Blue blind pipe (125mm) 850 Birr / 3 meter Addis   Addis 

 

PVC pipe 

Blue filter screen (125mm) 940 Birr / 3meter Addis   Addis 

 

 

 

*Please note that prices for steel, pvc and concrete can vary a lot over time. For future implementation a new 

inventory will  be needed to receive accurate prices. 
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Appendix D  Market research 
 


