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Preface 

Comparing to the previous years, population of Ethiopia is highly increasing whereas crop production is 

critically decreasing due to shortage of rainfall; and environmental, climatologically and other problems. 

The only solution is efficient use of the existing water resources for irrigation development. Considering 

this potential, different private, GOs, and NGOs implemented water harvesting technologies depends 

upon the agro-climate of the area.  One of a good potential that can be used for all purposes is ground 

water, which is focus area of this training material.  

 

This module is produced considering the available ground water potential; importance of maintaining 

the existing HDWs; and future development of new schemes. At large, this standard module will serve 

in all regions as a training material to woreda and kebele agricultural experts; and even to rural 

communities. It is also planned that every region will translate the module from English language to 

local language of the woreda for better understanding of the technology by the rural community.   

 

Constructive suggestions will always be acknowledged and appreciated. 

  



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page iii 
 

Contents 

Preface ................................................................................................................................................................ ii 

LIST OF TABLES...............................................................................................................................................vi 

LIST OF FIGURES ............................................................................................................................................ vii 

Abbreviations/ Acronyms ................................................................................................................................... vii 

1. Introduction ................................................................................................................................................. 1 

1.1 Back ground ......................................................................................................................................... 1 

1.2 Scope of the manual ............................................................................................................................. 1 

2. Ground Water formation ............................................................................................................................. 2 

2.1. Hydrologic cycle ................................................................................................................................... 2 

2.2. Ground water occurrence ..................................................................................................................... 3 

2.3. Groundwater Zones .............................................................................................................................. 4 

2.4. Water Bearing Formation ..................................................................................................................... 4 

Aquifers ....................................................................................................................................................... 4 

Aquitards.................................................................................................................................................... 5 

Aquicludes .................................................................................................................................................. 5 

Aquifuges.................................................................................................................................................... 5 

2.5. Ground water Movement ..................................................................................................................... 5 

2.6. Ground water Recharge........................................................................................................................ 7 

2.7. Hand Dug wells site selection ............................................................................................................... 7 

2.7.1 Data Collection (Inventory). .......................................................................................................... 8 

2.7.2 Previous works (Non- functional water points). – .......................................................................... 8 

Non- functional community hand dug wells. ................................................................................................ 8 

2.7.3 Abandoned Hand Dug wells .......................................................................................................... 9 

Non- functional household (private) hand dug wells. .................................................................................... 9 

Existing water points or sources& possible on-going construction ................................................................ 9 

2.7.4 Topography ................................................................................................................................ 10 

2.7.5 Geology of the area .................................................................................................................... 10 

2.7.6 Surface investigation: - ............................................................................................................... 10 

2.7.7 Subsurface investigation – .......................................................................................................... 11 

2.7.8 Vegetation Pattern & Climate ......................................................................................................... 12 

2.7.9 Rainfall Distribution ........................................................................................................................ 13 

2.8 Distances to Improved Water Source. ................................................................................................. 14 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page iv 
 

2.9 Environmental consideration .............................................................................................................. 15 

2.10 Locating Potential Sites ...................................................................................................................... 15 

3. Water well drilling principles ...................................................................................................................... 17 

3.1. Types and classifications of water well drilling .................................................................................... 17 

3.2. Hand dug well drilling ......................................................................................................................... 18 

Advantages: ............................................................................................................................................... 18 

Disadvantages: ........................................................................................................................................... 19 

4. Classification of open water wells based on depth ..................................................................................... 21 

4.1. Classification open water wells based on lining................................................................................... 21 

Unlined wells ............................................................................................................................................. 21 

Well with pervious lining ........................................................................................................................... 21 

Well with impervious lining ....................................................................................................................... 22 

5. Determination of Distance between wells .................................................................................................. 22 

6. Advantages and Limitation of Ground water abstraction (HDW) technology .............................................. 23 

6.1. Advantages of HDW technology ........................................................................................................ 23 

6.2. Limitations of HDW technology: ........................................................................................................ 23 

6.3. Why and Where HDW is Important? .................................................................................................. 24 

7. Types of Wells ............................................................................................................................................ 24 

7.1. Drilled wells ........................................................................................................................................ 24 

7.2. Dug wells (HDW) ................................................................................................................................ 25 

8. Planning and design procedures ................................................................................................................. 25 

8.1. Site Selection Procedures ................................................................................................................... 25 

4.2 Data Collection (Inventory) ................................................................................................................. 26 

I. Previous Works (Non-Functional Water Points) .................................................................................. 26 

II. Non-Functional Community Hand Dug Wells. ..................................................................................... 26 

III. Abandoned Hand Dug wells ............................................................................................................ 27 

IV. Non- functional Household (private) Hand Dug Wells ..................................................................... 27 

V. Existing Water Points or Sources and Possible on-going construction ................................................. 28 

VI. Topography and nature of the area ................................................................................................ 28 

VII. Vegetation Pattern and environmental consideration ..................................................................... 28 

VIII. Rainfall Distribution, location of water source from irrigable land and size of irrigable land. ........... 29 

Collecting these data is also important in the study and detail design of micro irrigation scheme. ................ 29 

4.3 Period of Digging ................................................................................................................................ 29 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page v 
 

4.4 Well Sections ...................................................................................................................................... 29 

4.5 Well Shape and Size............................................................................................................................ 30 

4.6 Estimation of Typical Bill of Quantities of Materials and Labor Needed ............................................... 32 

4.7 Beneficiary or households Participation .............................................................................................. 32 

9. Hand Dug Well Construction ..................................................................................................................... 32 

9.1. Classification of open wells during construction period ...................................................................... 32 

9.1.1. Open wells based on depth ......................................................................................................... 32 

5.1.2 Open wells based on lining ......................................................................................................... 33 

5.2 Measuring Yield of Wells at the time of construction .......................................................................... 34 

5.2.1 When to measure yield: .............................................................................................................. 34 

5.3 How to Measure Yield (Testing of Well yield) ................................................................................ 34 

5.3.1 Deepening the Well .................................................................................................................... 36 

5.4 Components of the Well ..................................................................................................................... 36 

5.5 Steps for construction ........................................................................................................................ 36 

5.6 Construction Equipments and Materials ............................................................................................. 37 

10. LARGE DUG WELLS ................................................................................................................................. 37 

11. Construction Supervision and Testing Procedure .................................................................................... 38 

11.1. Supervision Schedule ...................................................................................................................... 38 

6.2 Supervision Items ............................................................................................................................... 38 

6.3 Final Site Inspection and Testing ......................................................................................................... 40 

6.3.1 HDWs ......................................................................................................................................... 40 

6.3.2 Quantity ..................................................................................................................................... 40 

6.3.3 Abandoned HDWs ...................................................................................................................... 40 

Annex. One ........................................................................................................................................................ 41 

Annex. Two........................................................................................................................................................ 43 

References......................................................................................................................................................... 45 

 

 

 

 

 

 

 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page vi 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LIST OF TABLES 

Table 1 Classification of sedimentary materials based on their grain size ............................................................ 15 

Table 2 Common Aquifers and Aquicludes with their permeability .................................................................... 16 

Table 3 Geological Formations in Amhara Region ............................................................................................. 16 

Table 4 Examples of dimensions of a well .......................................................................................................... 30 

Table 5  Example of Items to Check on Supervision Site Visits ............................................................................ 38 

Table 6  Nominal Targets for Hand Dug Well Yield.............................................................................................. 40 

 

 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page vii 
 

 

 

LIST OF FIGURES 

Figure 1 Hydrologic Cycle ................................................................................................................................... 3 

Figure 2 Ground Water Zone and Water Table ..................................................................................................... 4 

Figure 3 Ground Water Movement In Confined And Unconfined Aquifer ............................................................ 5 

Figure 4 Ground Water Movement ....................................................................................................................... 6 

Figure 5 Porosity Within Granular Materials ........................................................................................................ 6 

Figure 6  Section View Of Hand Dug Well. ........................................................................................................ 20 

Figure 7  Radius of Influence for HDW .............................................................................................................. 26 

Figure 8Hand Dug well during excavation .......................................................................................................... 31 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations/ Acronyms 

 

SMISP ---------------------------------------------------------Small Scale & Micro Irrigation Support Project 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page viii 
 

WoA ----------------------------------------------------------Woreda office of Agriculture 

BoA -----------------------------------------------------------Bureau of Agriculture 

GOs ----------------------------------------------------------Governmental Organizations 

NGOs---------------------------------------------------------Non-Governmental Organizations 

WNRME ----------------------------------------------------Water & Natural Resource Management Expert 

HDW---------------------------------------------------------Hand dug Wells 

SPD-----------------------------------------------------------Spring development 

PSNP-PW ---------------------------------------------------Productive Safety Net project 

PW------------------------------------------------------------Public work 

 

 

 

 



SMIS, Hand Dug wells Construction for Micro Irrigation 

 Page 1 
 

 

1. Introduction 

1.1 Back ground 

This manual contains many points, which enables the woreda non-geologist expert to select sites for 

hand dug wells confidently. The actions which are described in the site selection procedures chapter 

are the facts which are needed to be considered in order for the hand dug well to become successful. 

The data needed for site selection are described in a brief manner. 

Technically geological facts are the most important ones in site selection. Therefore rock nature in 

response to water is described. Weathered and fractured rocks are more water bearing formations 

than fresh and massive rocks. Vegetation pattern (growing pattern) indicates shallow ground water 

table is clearly explained. 

In most parts of Ethiopia, water is available at some depth almost everywhere beneath the earth's 

surface. A well is a dug or drilled hole that extends deep enough into the ground to reach water. 

Wells are usually circular and walled with stone, concrete or pipe to prevent the hole from caving in. 

It sunk by digging or drilling through one or more layers of soil and rock to reach a layer that is at 

least partially full of water called an aquifer. The top of the aquifer, or the level beneath which the 

ground is saturated with water, is called the water table. In some areas, there is more than one 

aquifer beneath the water table. Deep wells, such as those sunk by large motorized equipment, can 

reach and pull water from more than one aquifer at the same time. However, this manual will only 

discuss sinking wells to the first usable aquifer with hand-powered equipment, which is relatively 

low cost, labor based and household managed.  

The other main factor for successful site selection is community’s needs. This is described briefly 

assuming that without community participation water points’ sustainability is impossible.  

1.2 Scope of the manual 

This manual outlines how to successfully site and construct hand dug  wells for small-scale 

irrigation. The guideline describes in-depth siting techniques and installation of diesel pump for 

lifting irrigation water. In the guideline, well spacing methods are also included. 

 

The manual is designed to help experts and development agents to assist trained local people and to 

train people with no well sitting and construction experience and to be used as a reference when 

problems arise later in the field.  
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2. Ground Water formation 

2.1. Hydrologic cycle 

From the time the earth was formed, water has been endlessly circulating in various reservoirs in the 

ocean, sky, and soil. This unending circulation of the Earth’s moisture is called the water cycle or 

hydrologic cycle (figure 1). As with all cycles, the hydrologic cycle is ongoing and continuous, with 

no specific start or end point; however, by far, the greatest reservoir of water is the ocean, covering 

about three fourth of the Earth’s surface. Water from the oceans evaporates into the atmosphere. The 

atmosphere then releases this water vapor primarily as precipitation in the form of rain, snow, sleet, 

or hail. During precipitation, some of the moisture evaporates back to the atmosphere before 

reaching the ground, some water is intercepted by vegetation, a portion infiltrates to the ground, and 

the remainder flows off the land into lakes, rivers, or back to the ocean. Groundwater is part of this 

continuous cycle as water evaporates, forms clouds, and returns to earth as precipitation. The 

processes in the hydrologic cycle are described as follows: 

Precipitation is the process by which water, in the form of rain, snow, sleet, and hail, falls from the 

atmosphere to the Earth’s surface. 

Evaporation is the return of water from bare soil or open bodies of water (mainly the ocean surface) 

to the atmosphere.  

Transpiration is the transfer of water to the atmosphere through the stomata of vegetation. 

Runoff is the over land flow of water or rainfall that does not soak into the soil.  

Infiltration is the flow of water through the soil surface into a porous medium under the gravity 

action and the pressure effects. 
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Figure 1 Hydrologic Cycle 

2.2. Ground water occurrence 

Groundwater occurs almost everywhere beneath the land surface. The widespread occurrence of 

groundwater is a major reason why it is used as a source of water supply and irrigation in a 

worldwide base. Groundwater also plays a crucial role in sustaining stream flow during dry periods 

and is vital to many lakes and wetlands. Moreover, many plants and aquatic animals depend greatly 

upon the groundwater that discharges to streams, lakes, and wetlands. Groundwater commonly is 

portrayed in diagrams of the hydrological cycle as a single pool of water with simple transfers of 

water to and from the land surface, oceans, and atmosphere.  

 

The occurrence of groundwater in a given area is influenced by different factors such as geology, 

hydrology and hydrogeology of the area. The variability of the above stated factors influence the 

quantity and the quality of groundwater in different parts of the country.  Geology is the study of the 

earth.It describes the origins, mode of formation and properties of earth material (rock and soil) on 

or under the surface of the earth. Hydrology studies the occurrence, circulation, distribution, and 

property of the waters of the earth and its atmosphere. The important components of hydrology are 

precipitation, evapotranspiration, and runoff. On the other hand hydrogeology dells with the rock 

and water interaction, groundwater recharge and discharge mechanisms, and ground water flow 

system as a general.  
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2.3. Groundwater Zones 

Rain that falls on the surface seeps down through the soil and into a zone called the zone of aeration 

or unsaturated zone where most of the pore spaces are filled with air. As it penetrates deeper it 

eventually enters a zone where all pore spaces and fractures are filled with water. This zone is called 

the saturated zone. The surface below which all openings in the rock are filled with water (the top of 

the saturated zone) is called the water table (Figure 2) 

 

 

Figure 2 Ground Water Zone and Water Table 

2.4. Water Bearing Formation 

Geological formations (rocks and soils) classified into different types based on water holding 

capacity and permeability. These are: aquifers, aquicludes, aquifuges and aquitard. 

Aquifers 

Aquifers are formation (rock or soil) that can store and transmit water easily. A good aquifer is a 

permeable layer (layer that can transmit water easily)below the groundwater table. Based on the 

presence or absence of a confining layer (impermeable layer overlying permeable layer) aquifers 

further divided into two. Unconfined aquifers are aquifers which have continuous permeable layers 

from land surface to the base of the aquifer. Whereas, confined aquifers are aquifers overlain by a 

confining layer (figure 3). Perched aquifers are unconfined aquifers which are separated from the 

main water table by shallow impervious strata that limited in lateral continuity.  As a result water 

storage capacities of perched aquifers are very low.  
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Figure 3 Ground Water Movement in Confined and Unconfined Aquifer 

Aquitards 

Aquitards are poor permeable formations which contain water but obstruct groundwater movement, (e.g. 

sandy clay). 

Aquicludes 

Aquicludes are impermeable formations which may contain water but these are not capable of 

transmitting water through them. (e.g. clay). 

Aquifuges 

Aquifugesare impervious formations which neither contain nor can transmit water (e.g. impermeable 

rocks). 

2.5. Ground water Movement 

Groundwater is in constant motion, although the rate at which it moves is generally slower than it 

would move in a stream. First the groundwater moves through permeable formation downward due 

to the pull of gravity. But it can also move upward because it will flow from higher pressure areas to 

lower pressure areas, as can be shown in figure 4. 
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Figure 4. Ground Water Movement 

The rate of groundwater flow is controlled by two properties of the rock: porosity and permeability. 

Porosity is the percentage of the volume of the rock that is open space (pore space). It is calculated from 

volume of void space to total volume of the material. This determines the amount of water that a rock 

can contain. Permeability is the ability of soil or rock to transmit or allow water to move through the 

layer. Permeability is a measure of the degree to which the pore spaces or fractures are interconnected, 

and the size of the interconnections. 

n = (Vv/VT)*100% 

where :- Vv = volume of voids , VT= total volume and n= porosity.  

 

 

Figure 5 Porosity within Granular Materials 

In sediments, the porosity depends on grain size, the shapes of the grains, and the degree of sorting, and 

the degree of cementation. Well-rounded coarse-grained sediments usually have higher porosity than 

fine-grained sediments (e.g clay soil), because the grains do not fit together well.  Low porosity usually 
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results in low permeability, but high porosity does not necessarily imply high permeability. It is possible 

to have a highly porous rock with little or no interconnections between pores.  

2.6. Ground water Recharge 

The Earth's surface can be divided into areas where some of the water falling on the surface seeps into 

the saturated zone and other areas where water flows out of the saturated zone onto the surface.  

Areas where water enters the saturated zone are called recharge areas, because the saturated zone is 

recharged with groundwater beneath these areas. Areas where groundwater reaches the surface (lakes, 

streams, swamps, & springs) are called discharge areas, because the water is discharged from the 

saturated zone. Generally, higher topographies are considered as recharge areas while lower 

topographies are taken as discharge zones. 

 

2.7. Hand Dug wells site selection 

 

This guideline is prepared on the basis of scientific and community participation approach, which 

brings the two approaches as one by compromising. This means, after exhaustively collecting every-

information, the final conclusion will be made together with owner . 

 

Before anybody locate the site, it is necessary to know the location and size of land to be irrigated 

that is the main decisive factor to determine scale & type of a project.  

The Next step is to carry out field investigations. These investigations are categorized and analyzed 

with the following parameters. 

a) Data collection (Inventory). 

b) Topography 

c) Geology 

d) Land use 

e) Rain fall distribution 

f) Vegetation pattern & Climate 

g) Distance of the water source from the land to be irrigated 

h) Capacity of a source/total land to be irrigated by the water source/ 
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2.7.1 Data Collection (Inventory). 

 

This part of the guideline provides the basic data for the expert in determining the actual well 

site. In this inventory work the data of the previous and existing water points will be registered or 

identified. During data collection, the following points should be recorded. 

 

2.7.2 Previous works (Non- functional water points). – 

These works include those water schemes that were constructed before but destroyed or are not 

functional for different reasons and those water schemes, which are abandoned because of 

rockiness or caving problem. Reasons for those not functional might be , displacement of people, 

bad smell of water, etc. Therefore this part of study can be categorized in to three parts. 

 

Non- functional community hand dug wells. 

 

These are the wells, which were constructed to serve a community for water supply or irrigation 

purpose. Concerning this community hand dug wells; the following data should be collected. 

 

 Type of hand dug wells/ Cultural or modern/ 

 Depth of each hand dug well – this helps to estimate the depth & static water level of 

ground water of the new water point in the near by area.  

 Nature of rock Conditions –  This is also very important to give information about the 

underground rock nature of the new sites. This facilitates the guess whether the expected 

work is easy or not. Accordingly the necessary precautions to avoid future construction 

problems can be avoided.  

 For example, previous caving problems indicate that there is a need to use large diameter 

cylinder and carry out digging by using the sinking method.  

 Previous hard rock problem helps to make reservations for chiseling work or look for 

another site. 

 Empty the well and measure the water column rise in meters within 12 hours- from this 

data underground water recharge can be evaluated for other hand dug wells 
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 Water shortage time- this is useful for comparison with the present condition. 

 

2.7.3 Abandoned Hand Dug wells 

 

These hand-dug wells were dug but not finalized to serve for domestic water supply or irrigation 

purpose. Therefore, the real cause for abandoning of each water point should be known. 

 

Possible causes can be  

 Hardness of rock - if this is the case do not locate the site near the  abandoned hand dug well 

 Caving problem - do not start digging unless you prepare protecting mechanism 

 Absence of water- if there is not enough water within reasonable depth, don’t locate the new site 

in the nearby area. 

 Bad smells of water - don’t select the new one near the abandoned one unless you have concrete 

evidence for water supply but may not be a problem for irrigation purpose. 

 Construction Problem- this reason for abandoning can be corrected while constructing the new 

one. 

Non- functional household (private) hand dug wells. 

 

Check the existing water supply (household) or irrigation wells, which were abandoned and reasons for 

abandoning. This increases your knowledge of possible expected problem, check also if there are any 

abandoned or failed boreholes in near by. The records from the drilling are available at Water resources 

development bureau and may provide important information on the rock formation and ground water 

availability and quality. 

 

Existing water points or sources& possible on-going construction 

 

Check all available functional water sources and their present condition. There are springs, HDW, deep 

wells, house–hold wells, rivers, small pits and ponds etc. The following data needs to be recorded. 

o Depth and their location. 

o Static water level 

o Rock nature. 

o Water level rise in meters /12hours of the HDW. 
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o Yields of the springs etc. 

2.7.4 Topography 

Topography is one of the most important parameter, which should be considered during site 

selection of hand dug wells and boreholes. Groundwater flows according to the topography of 

the area unless the aquifer is confined (Fig 3). That is, ground water flows from high topography 

to low topography. Naturally any surface and subsurface water follows this regulation. Therefore 

the higher topography is the recharge area to the lowland area.  This is the reason why all water 

points are recommended at the lower area in order to get a recharge from the elevated land  

Besides to topography, catchments size is another criterion, which should supply enough amount 

of water to the area of well site  

 

In the consideration of topography the structural geology is very important. This means that if 

the geology of the elevated area is layered rock formation and is bedded away from the well, 

water percolation is away from the well instead towards the well. But if the layered beds are 

tilted towards the well, ground water flow is directly to the low land area.  

There is also a case in which topography is neglected. This is, happened when the area is flat and 

had wide area coverage. In this case, the area is saturated and has sedimentary or alluvial 

formation. E.g. Fogera plain (alluvial soils). Therefore, in such case site selection can be 

everywhere without any doubt if the area is homogeneous with good water bearing rock. Any 

how one thing should be considered when flat plateau area is recommended for wells. If there is 

escarpment having fractured and jointed rock around the plateau, the top area is not 

recommended for hand dug wells or bore holes since water is drained out from the top area 

through joints and fractures. 

2.7.5 Geology of the area 

Under this topic as the name implies the science of earth will be applied for the investigation of 

surface and sub surface rock nature of the area. The following points that are very important 

parameters for locating hand dug wells or bore holes, should be clearly justified and recorded. 

 

2.7.6 Surface investigation: - 

During this investigation what is observed on the surface from geological point of view will be 

described. The most common important points are. 
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 Type of rock - this is very indicative of the work condition & ground water expectation. 

Massive rock formation is bad for water accumulation and infiltration. An area covered 

by such type of rock is not suitable for rainwater to percolate or infiltrate but rather the 

water passes in the form of runoff. E.g. massive basalt, rhyolite, non-carasted limestone, 

non-fissured marble, etc. On the other hand, fragmented rocks, big boulders, jointed and 

fractured basalts are good aquifers.. 

 Degree of weathering - due to coldness & hotness of the weather rocks will be broken 

down 

     - Highly broken one is good for water bearing formation. 

 

 Rock distribution - Coverage of one type of rock in the vicinity area is  

also determinant factor for ground water. 

                             E.g. Perched aquifer is not recommended 

 

 Permeability of rock - this also relates with type of rock and degree 

of weathering 

                      - Weathered rocks are more permeable than fresh rocks. 

    Soil type - since soil is the end product of weathering it gives hint about ground water. 

 E.g.  -  Black cotton soil is impermeable which is not good for efficient production  

- Alluvial silts, sands or gravels are the best water sources. 

 

Grain size distribution and permeability of common soil/rock type are shown in page  

 

2.7.7 Subsurface investigation – 

Beneath the surface, geology of the area might be different from what we observed on the 

surface. Therefore, before determining the specific site, subsurface geology and hydrogeology 

should be clearly interpreted from the existing and previous data (see data collection). .  

 

 

From these data it is possible to know. 
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-    Depth of alternated rock variations vertically and horizontally which help to know the 

continuity of hard rock and soft rock (Fig 10).  

-      Subsurface geology can also be known by close observation of the area along: 

-  Gullies - these could be done by streams, rivers, seasonal floods, etc 

- Rivers - are also other indicatives along their embankments. 

Rivers can also show nearby area condition by observing the flow of water towards the river or 

away from the river. Certain rivers recharge from the nearby area through embankments. This 

indicates the local area is rich in ground water. Other rivers discharge to the surrounding area 

through their embankment. This shows the local area is dry and had no water. Hence observing 

the water flow condition of the rivers is good evidence about the surrounding area near the river ( 

Figure 12a & 12b). 

 

 -    Cliffs - along the cliff sequence of rocks and polio soils (contact soil) are  

clearly observable. 

In areas, which have no previous data of existing water points, information from the above 

sources is good evidence for locating hand-dug wells. According to their permeability sub 

surface formations can be classified as Aquifers, Aquicludes and Aquifuges. An area covered by 

Aquifuges is totally hopeless for infiltration. Out of the three formations Aquifer is the best 

source of ground water. 

 

Rock formations that serve as good aquifers in their decreasing order are: 

 

- Gravel, sand, and sand stone, alluvium 

- Lime stone with cavities formed by the action of acid water 

- Marble with fissures and joints, cracks 

- Granite rock with fissures and joints 

- Weathered genesis and schist 

- Vascular basalt 

- Fractured ingenious rocks. 

2.7.8 Vegetation Pattern & Climate 
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Different vegetations are growing in different areas depending on climate, rainfall and soil 

distribution. Vegetations vary in: - 

- Height 

- Leaf width & thickness 

                  - Cell wall thickness in different areas. 

 

In areas having hot climate with deep ground water table, vegetation types are short and narrow 

leaf size or very thick flesh leaves with thick cell wall. 

E.g. Dedeho, kulkual (Beles) etc. 

 

In areas having wet climate with shallow ground water table, vegetation types are long and broad 

leaves with bushy growth. Therefore, vegetation types are good indicative for hand dug well 

sitting. 

 

Another importance of vegetation is their growing pattern. Mostly if there is a weak lineament or 

fractured area with certain orientation, vegetation will grow along the weak zone (straight-line 

vegetation pattern) (Fig 5). This indicates that there will be a good aquifer along the fractured 

zone, which leads to the conclusion that hand dug wells along the weak zone, is promising. 

 

The most useful indicators of ground water are the perennial plants (which are present year 

round). Annual plants, such as, grasses, are not good indicators since they come and go 

depending on rains and seasons of the year.Generally survey of vegetation to help find shallow 

groundwater is most effective if carried out in the dry seasons. 

 

2.7.9 Rainfall Distribution 

In Dega area, the rainfall distribution is very high and the rock or soil is always wet or humid. 

Degree of weathering in such area is also very high which disintegrate the rock in to smaller size 

particles. These conditions mark the area fortune to get ground water at shallow depth and 

available surface water. Hence, hand dug well locating in Dega area is easy everywhere, except 

rare cases. In Dega, infiltration is very high, which favors the presence of many springs. 
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In Kola areas, rainfall distribution is lower with deep ground water table. Therefore, detail study 

of the area is required. Spring development is more recommended type of water scheme or 

irrigation than hand dug well since aquifers are not at shallow depth. 

 

Based on altitude and temperature there are 5(five) traditional temperate or climatic zones as 

differentiated below. 

 

1. Kur/Alpine/ - Altitude 3300m and above, Mean annual temperature less than or 

equal to 100C. 

2. Dega/Temperate/ - Altitudes 2300m to 3300m, Mean annual temperature 10oC to 

15oC. 

3. WeinaDega/Sub tropical/ - Altitude 1500m to 2300m, Mean annual temperature 

15oC to 20oC. 

4. Kola/Tropical/ - Altitude 500m to 1500m, Mean annual temperature 20oC to 30oC. 

5. Bereha/Desert/ - Altitude less than 500m, Mean annual temperature 30oC to 40oC. 

 

2.8 Distances to Improved Water Source. 

      a) The distance to an improved water supply has been proven to be one of the key factor in 

improving conditions for irrigation. The constraints of supplying water close to irrigated land are:. 

- Availability of a suitable source that can be technically developed (technical feasibility). 

- The cost of delivering water from a distant source and/or of distributing the supply to the land to 

be irrigated (financial feasibility). 

- Practical and economical considerations due to the density of land distribution (economical 

feasibility). 

 

b) The source of water for irrigation supply will vary dependent on the hydrogeological conditions 

of the area. Generally, where a plentiful supply of shallow ground water is available, wells or 

boreholes can be economically provided such a way that the maximum distance from the land to 

be irrigated to the point source is governed by the means of transporting the water.  

 

c) It should always be noted however that the distance criteria will be influenced by availability of 

source, size of land to be irrigated and cost criteria.  
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Therefore this recommendation should be taken as the desirable criteria with each actual situation 

being judged on its merits taking full account of other factors.   

Capacity of a Source (size of land to be irrigated by the Source). 

When locating water sources for irrigation, the size of land the source can serve needs to be known.  

2.9 Environmental consideration 

Although the effect of the construction of hand dug wells and spring developments on the 

environment is very minimal, some aspects should be considered during sitting. Before a site is 

recommended for the construction, the following should be taken in to account: 

 As much as possible avoid cutting trees to clear the site for construction. 

 

Community Participation 

Community participation in the choice of technology and site selection is required in order to 

retrieve, as much local knowledge as possible and to secure the owner acceptance of the selected 

water source as it is a key factor for sustainability.  

  

2.10 Locating Potential Sites 

After Considering from different corners (collected data topography, geology, vegetation, Climate, 

Rainfall distribution, , adequacy of the source, distance of improved source from the beneficiaries 

and community participation) hand dug well sites will be located on one of the following: - 

1. Alluvial areas 

2. Highly weathered and permeable rock with enough recharges area. 

3. Up stream of the spring eye -Fig 4 

4. At the foot of the mountain - Fig  6 

5. River bank - Fig 8 

 

Table 1. Classification of sedimentary materials based on their grain size 

 

Grain Size (mm)                                                     Name 

Greater than 200                                                  Boulders 

200-60               Cobbles 
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60-2                                                                  Gravel 

2-0.06                                                                  Sand 

0.06– 0.002                                                          Silt 

Less than 0.002                                                    Clay 

Table 2. Common Aquifers and Aquicludes with their permeability 

MaterialPermeability (m/s) 

Clay                                                                    < 10-8 

Silt                                                                      10-8 – 10-6 

Sand                                                                    10-6 – 10-2 

Gravel                                                                 10-2 – 1 

Fracture                                                               10-3 - 1 

Karast                                                                  1 

 

Table 3. Geological Formations in Amhara Region 

- Recent Volcanic Rocks, are dominant 

                - Tracyite                                      - Volcanic ash 

                - Rhyolite                                      - Tuff 

                      - Basalt 

 

           Rare sedimentary and Metamorphic Rocks 

         -  Sand stone - Sedimentary 

         -   Marble and slate are Metamorphic  

 

Dominant Aquifers 

 

- Volcanic ash, tuff 

- Weathered and fractured basalt 

- Alluvial soils 

- Weathered tracyite 

 

* The smaller particles of ash and dust may be blown by wind and spread over large areas in layers; they 

become hardened in to rocks called tuff. 
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* Unconsolidated small fragments and dust particles ejected during an eruption (volcanism) is called 

volcanic ash. 

 

3. Water well drilling principles 

 

Any water well drilling method (hand-digging, human-powered drilling or ‘conventional’ 

drilling).requires various processes such as:   

 Drilling tools must break, cut or penetrate the solid formation to be drilled. In the case of 

unconsolidated materials such as sand and silt, this does not require much energy; in the case of 

stiffer materials such as clays, or consolidated materials such as sandstone, limestone, or granite 

more energy is required.  

 Water well drilling methods use one or more of the following methods to break or penetrate the 

formation:  

 percussion (striking the formation with pick, chisel, end of pipe, or  drill-bit);  

 rotary  action (grinding/tearing at the surface of the formation);  

 high energy percussion with rotation (as in down-the hole  hammer drilling);  

 Loosening by a water jet directed at the bottom of the hole.  

 The broken/loose material must be removed from the hole. This may be done by one of two 

methods:  

 Alternating with breaking (ie break some, clean some, break again 

 By the use of a flushing medium (water, “mud”, or compressed air).  

 The drilled hole must be supported to prevent collapse during or immediately after drilling. This 

may be done in one of the following two ways:  

 by lining the hole as excavation progresses (with temporary casing, or permanent casing);  

 By maintaining a sufficient hydraulic head of fluid (water or mud) in the hole at all times. 

Drill mud is water thickened with a natural or man-made powder or liquid, to increase its 

viscosity (and hence its ability to carry cut rock fragments up the hole).  

 

3.1. Types and classifications of water well drilling 

Methods for accessing groundwater fall into four broad categories. These are:  

 hand-digging  
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 human-powered drilling 

 small ‘conventional’ drilling rigs  

 large ‘conventional’ drilling rigs  

The first two categories include both ‘traditional’ methods (i.e. long-established, practiced by skilled 

practitioners, but without the benefits of modern materials and ideas) and ‘improved’ technologies. 

‘Conventional’ drilling means the standard ‘modern’ techniques of cable-tool percussion, rotary and 

down-the-hole hammer, as used on small and large mechanical drill rigs. These human-powered 

technologies are designed to construct small diameter wells, at costs closer to hand-digging than to 

conventional drilling.  

3.2. Hand dug well drilling 

Dug wells are common throughout the world and, since biblical times, have provided countless 

water supply points. They range from a simple unprotected hole in the ground to a properly 

constructed facility equipped with a hand pump.  

Wells may be dug by hand, drilled with hand tools, or drilled with motorized equipment. Many 

methods and techniques are used. The particular choice depends on the available materials and 

equipment, the expected ground conditions at the well site, and your familiarity with a specific 

sinking technique. Dug wells are sunk by people working down in the hole to loosen and remove the 

soil. They need to be at least 1 meter wide to give people room to work. A sinking method is a 

specific way of sinking a well.  

Digging is relatively easy in unconsolidated rock (alluvial deposits). After digging or blasting, loose 

material is hauled to the surface in a container by means of pulleys and lines. As digging proceeds 

casing can be inserted forming a permanent lining to prevent caving in. Casing can be of wood, 

brick, metal, or concrete (pre-cast rings) and should contain openings for the entry of water. Dug 

wells must extend several meters below the water table (although it cannot be too far because, even 

in a moderately permeable rock, dewatering needs to take place to enable digging to continue, thus 

limiting the depth attained). In extended drought years, shallow dug wells frequently dry up. Rural 

communities have frequently employed hand-dug wells to increase the supply of water available for 

individual use. Using simple construction techniques and suitable materials, hand-dug wells can 

provide reliable sources of water.  

Advantages: 

 The level of community involvement is very high, 

 Skilled labor (unless blasting takes place) is not required, 
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 Until recently, it was considered the most inexpensive technology available, although 

data from some African countries including Ethiopia reveal this is not universally the 

same case, since the emerging technology Rota sludge (manual tube well)  is sufficiently 

low in cost 

 Most of the construction materials are available locally, 

 Water can continue to be drawn from a well equipped with a hand pump, even if the 

pump fails, 

 Reliable maintenance of a well requires little technical skill. 

 Because the resulting well is wide-mouthed, it is easily adaptable to simple water-lifting 

techniques, if pumps are not available or appropriate.  

 Storage capacity allows wells to produce sufficient water even when aquifer permeability 

is extremely low, i.e. it provides a reservoir which is useful for accumulating water from 

ground formations which yield water slowly.  

 Because the community can be involved in the actual construction, it is "their" well, 

which they are more likely to maintain.  

 The equipment needed is light and simple and thus suitable for use in remote areas.  

 The construction techniques are easily taught to unskilled workers, thus cutting 

supervision time.  

 The necessary materials are usually locally available, making it one of the cheapest 

methods of wellsconstruction in a rural community.  

 

Disadvantages: 

 Collapse of structure especially in areas where the soil is heavy clay  

 The technology is only suitable for soft geological formations and shallow water tables 

thus restricting it to specific areas 

  Hand dug wells are usually shallow and thus can tap only the upper levels of the aquifer, 

where water level fluctuations are relatively large, 

 Wells are susceptible to bacteriological contamination, 

 A shallow water table generally means large water level fluctuations and the possibility 

of the well drying up, especially during drought periods. 

 There is no practical limit for the Static Water Level, it can go deeper than 40-60 meters 

depth, although most dug wells are less than 20 meters deep.  
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 Construction speed is very slow.  

 Extracting large quantities of water with motorized pumps is not feasible.  

 Hard rock is very difficult to penetrate and often can only be accomplished by blasting, 

which is slow, hard work.  

 Because it is difficult to penetrate very far into the aquifer, slight fluctuations in the water 

table often make hand-dug wells unpredictable and unreliable. 

 Compared to other well sinking methods, digging a well by hand takes a long time.  

 

If hand dug wells are constructed for water supply purposes, for sanitation reasons a hand pump is 

desirable. If installed on a hand-dug well with a full cover, a pump will help reduce chances of 

contamination significantly. In rural areas where pump maintenance and repair can be a real 

problem, large diameter wells are often the best solution to water supply problems. Pumps can be 

installed while leaving an access way through which water can be drawn by rope and bucket if the 

pump should break down.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Section View Of Hand Dug Well. 

 

An experienced team sinking a 20 meter well and installing pulleys on the top structure could easily take 

5 weeks, including occasional days off (this, of course, assumes no major delays). A new or 

inexperienced group would be expected to take twice that time.  
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Hand-dug wells should be dug during the dry season when the water table is likely to be at or near its 

lowest point. The well can be sunk deeper with less interference from water flowing into it. The greater 

depth should also ensure a year-round supply of water. If the well cannot be dug during the dry season, 

plan to go back to it at the end of the dry season to deepen it. 

4. Classification of open water wells based on depth 

Open wells can be classified in to shallow open wells and deep open wells. Shallow open wells 

penetrate the first pervious stratum only and draw water from it. The bottom of the shallow well 

doesn’t rest on the impervious layer. Deep open wells rests on an impervious  layer. The impervious 

layer consists of beds of clay, cemented sand other hard materials below water tables. A deep well 

resting on an impervious layer draws its supply from the aquifer below it through the hole bored in 

it. The impervious layer acts as a beam and provides support to the well resting on its top. 

 

4.1. Classification open water wells based on lining 

On the basis of lining (or staining), the open wells can be classified as : 

1. Unlined wells 

2. Well with pervious lining 

3. Well with impervious lining 

Unlined wells 

Unlined wells have no lining. The well sides are unprotected. These wells are temporary nature. 

Unlined well is of limited depth. It caters to only small, local demands. This type of well is sometimes 

constructed where the water table is at a shallow depth,  below the ground surface, and where the subsoil 

formation relatively hard and compact so that it can stand vertically at the sides of the well 

Well with pervious lining 

Well with pervious lining: In this type of well, the sides are lined with dry bricks or stone masonry 

(with out mortar) so that the lining is pervious. To give structural stability, a portion of the lining above 

the water table is constructed in cement mortar. Generaly, a band of lining in cement mortar, about 0.3m 

deep, is also provided at 1.25m vertical interval below the water table.  

The water enters the well from the sides only, and therefore the flow is radial. This type of well is 

suitable for construction in the formations consisting of gravel or coarse sand deposits. For sand 

formations, brick ballast (gravel) up to 20mm size is packed behind the lining to form a sort of filter 
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which prevents the fine sand from coming in to the well with flowing water. This type of well is quite 

suitable and economical for the limited rate water withdrawal. 

 

Well with impervious lining 

 Well with impervious lining: This is the most common type of well and suitable for all types of 

formations. This is a permanent type of well commonly constructed for well irrigation of small farms. It 

provides a dependable source of supply so long as the ground water conditions are favorable. In sandy 

soils, the impervious lining is also essential from structural stability consideration. These wells are fairly 

deep, but the depth is usually limited to 30m from the consideration of an efficient and economical 

lifting of water. 

The lining of such wells is in brick or stone masonry in cement (or lime) mortar or concrete. The 

thickness of lining generally varies from 30cm to 70cm, depending on the depth of the well for stone or 

brick lining. Bottom of the well is not plugged so that the water can enter the well from its bottom. In 

this type of well the flow is not radial.   

 

5. Determination of Distance between wells 

When two wells are located close to each other, then their draw down curve will intersect and the 

discharge of one well will interfere with the discharge of the other. This is known as wells 

interference. Due to interference, the discharge of each well will be decreased. For this reason, wells 

should be located at a distance as much as possible away from each other depending on the ground 

water condition of the area. The number of wells recommend for a given catchments can be 

determined by different reasons. Among them, the main ones are the following: 

 The reserve of ground water with in the catchment  

 Pumping rate 

 Level of ground water table 

 Type of Aquifer 

 

On the other hand when the discharge of groundwater exceeds the recharge of the system, several 

adverse effects can occur. Most common is lowering of the water table, resulting in increasing the 

depth of drilling.  
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Well spacing rules are designed to reduce the interference between wells when pumped. Table 14 

shows possible limits of radius of influence in unconfined aquifer.Radius of Influence is the radial 

distance from the center of a wellbore to the point where there is no lowering of the water table or 

potentiometric surface (the edge of the cone of depression) (Fig. 58).  

 

6. Advantages and Limitation of Ground water abstraction (HDW) technology 

6.1. Advantages of HDW technology 

 As compared to surface water, ground water is in normal conditions environmentally, 

bacteriological and chemically safe because many harmful organisms are retained and filtered by 

the soil. Therefore, ground water is preferable for sources of domestic water supply in addition to 

irrigation as no considerable cost for treatment is required. 

 Because the community can be involved in the actual construction, it is "their" well, which they 

are more likely to maintain.  

 The equipment needed is light and simple and thus suitable for use in remote areas.  

 The construction techniques are easily taught to unskilled workers, thus cutting supervision time.  

 With the exceptions of cement and reinforcing rods, the necessary materials are usually locally 

available, making it one of the cheapest methods of wellsconstruction in a rural community.  

 A completed well provides a reservoir at the source which will accumulate and store water from 

aquifers that would otherwise be too weak to use.  

 

6.2. Limitations of HDW technology: 

 Since water lifting technologies are required for all ground water abstraction, most of the farmers 

may not have financial capacity for procuring the equipment 

 60 meters is usually the practical limit to the depth that can be reached, although most dug wells 

are less than 20 meters deep.  

 Construction is slow; and extracting large quantities of water with motorized pumps is not 

feasible.  

 Hard rock is very difficult to penetrate and often can only be accomplished by blasting, which is 

slow, hard work.  

 Because it is difficult to penetrate very far into the aquifer, slight fluctuations in the water table 

often make hand-dug wells unpredictable and unreliable.  
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 The hand-dug well is the only method of well construction where people actually go into the well 

to work educational campaign to demonstrate and explain what each part of the well is and how 

it works might help villagers understand and then want to work with and maintain it more. In so 

doing, proper maintenance necessary in keeping the well functioning might be better carried out, 

particularly in communities using a well or an improved water source for the first time.  

 For sanitation reasons a pump is desirable. If installed on a hand-dug well with a full cover, a 

pump will help reduce chances of contamination significantly. In rural areas where pump 

maintenance and repair can be a real problem, large diameter wells are often the best solution to 

water supply problems. Pumps can be installed while leaving an access way through which water 

can be drawn by rope and bucket if the pump should break down.  

 

6.3. Why and Where HDW is Important? 

The sub surface/ground water/ is the source of water for the HDW micro irrigation technology 

among other water sources such as surface water, rainwater, springs, and deep wells. Knowledge 

of ground water occurrence is essential for understanding of why and where it occurs and where 

hand dug wells could be built. 

The level at which the ground water becomes continuous is called ground water table/GWT/ and is 

represented by the water surface elevation in a well or in other excavations. The level of the water 

table fluctuates up and down according to the seasons as the inflows and outflows vary with the 

seasons of the year and the utilization by humans. 

If there is no easily accessible surface water source or rainfall as required; development of HDW as 

one micro irrigation project is necessary.  

7. Types of Wells 

In general, there are two types of wells: dug wells and drilled wells. The obvious difference between 

the two is the size of the holes. In both categories, there are many different specific sinking 

techniques.  

7.1. Drilled wells 

On the other hand, are sunk by using special tools which are lowered into the ground and worked 

from the surface. These wells are normally less than 30 centimeters (cm) in diameter. The detail is 

not included here.  
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7.2. Dug wells (HDW) 

are sunk by people working down in the hole to loosen and remove the soil. They need to be at least 

1 meter wide to give people room to work. The main objective of this manual focuses on HDW.  

Rural communities have frequently employed hand-dug wells to increase the supply of water 

available for individual use of irrigation & other purposes. Using simple construction techniques and 

suitable materials, hand-dug wells can provide reliable sources of water.   

8. Planning and design procedures 

8.1. Site Selection Procedures 

 

This study and design shall be prepared on the basis of scientific and community participation 

approach, which brings the two approaches as one by compromising. This means, after exhaustively 

collecting every-information, the final conclusion will be made together with community. 

 

Before anybody locate the site, it is necessary to know the location and size of land to be irrigated that is 

the main decisive factor to determine scale & type of a project.  

The next step is to carry out field investigations. These investigations are categorized and analyzed with 

the following parameters. 

1. Data collection (Inventory). 

2. Topography 

3. Geology and watershed characteristics 

4. Vegetation pattern & Climate 

5. Rain fall distribution 

6. Distance of an improved water source from the land to be irrigated 

7. The size of the irrigable land and yield of HDW/water source 

8. Community/household Participation and other information 

 

Based on the analysis of the above parameters, successful and sustainable well site will be selected. Site 

selection is the responsibility of the beneficiary with assistance from a suitably qualified person such as 

trained expert in site selection or a hydro geologist (if possible).  The process is illustrated in the Figure 

1 below. 
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Figure 7Radius of Influence for HDW 

 

 

 

4.2 Data Collection (Inventory) 

This module provides the basic data for the expert in determining the actual well site. In this 

inventory work the data of the previous and existing water points will be registered or identified. 

During data collection, the following points should be recorded. 

 

I. Previous Works (Non-Functional Water Points) 

These works include those water schemes that were constructed before but destroyed or are not 

functional for different reasons and those water schemes, which are abandoned because of rockiness 

or caving problem. Reasons for those not functional might be displacement of people, construction 

problem, absence of maintenance, etc. Therefore this part of study can be categorized in to three 

parts. 

II. Non-Functional Community Hand Dug Wells. 

These are the wells, which were constructed to serve for group of farmers for irrigation purpose. 

Concerning this community hand dug wells; the following data should be collected. 

 Type of hand dug wells/ Cultural or modern/ 
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 Depth of each hand dug well – this helps to estimate the depth & static water level of ground 

water of the new water point in the nearby area.  

 Nature of rock Conditions –  

This is also very important to give information about the underground rock nature of the new sites. 

This facilitates the guess whether the expected work is easy or not. Accordingly the necessary 

precautions to avoid future construction problems can be avoided.  

 For example, previous caving problems indicate that there is a need to use large diameter 

cylinder and carry out digging by using the sinking method.  

 Previous hard rock problem helps to make reservations for chiseling work or look for another 

site. 

 Empty the well and measure the water column rise in meters within 12 hours- from this data 

underground water recharge can be evaluated for other hand dug wells 

 Water shortage time- this is useful for comparison with the present condition. 

 

III. Abandoned Hand Dug wells 

These hand-dug wells were dug but not finalized to serve for water supply or irrigation purpose. 

Therefore, the real cause for abandoning of each water point should be known. 

 

Possible causes can be:  

 Hardness of rock - if this is the case do not locate the site near the abandoned hand dug well 

 Caving problem - do not start digging unless you prepare protecting mechanism 

 Absence of water- if there is not enough water within reasonable depth, don’t locate the new site 

in the nearby area. 

 Construction Problem- this reason for abandoning can be corrected while constructing the new 

one. 

IV. Non- functional Household (private) Hand Dug Wells 

Check the existing irrigation wells, which were abandoned and reasons for abandoning. This 

increases your knowledge of possible expected problem, check also if there are any abandoned or 

failed boreholes in nearby. The records from the drilling can be available at the community, woreda, 

zone or bureau level and may provide important information on the rock formation and ground water 

availability and quality. 
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V. Existing Water Points or Sources and Possible on-going construction 

Check all available functional water sources and their present condition. There are springs, HDW, 

deep wells, house–hold wells, rivers, small pits and ponds etc. The following data needs to be 

recorded. 

                     - Depth and their location. 

- Static water level 

- Rock nature. 

- Water level rise in meters /12hours of the HDW. 

- Yields of the springs, HDWs, etc. 

VI. Topography and nature of the area 

Topography is one of the most important parameter, which should be considered during site 

selection of hand dug wells and boreholes. Groundwater flows according to the topography of the 

area unless the aquifer is confined. That is, ground water flows from high topography to low 

topography. Naturally any surface and subsurface water follows this regulation. Therefore the higher 

topography is the recharge area to the lowland area.  This is the reason why all water points are 

recommended at the lower area in order to get a recharge from the elevated land.  Besides to 

topography, catchments size is another criterion, which should supply enough amount of water to the 

area of well site. 

Surface and sub-surface nature of the site proposed should be known for locating the HDW. 

 

VII. Vegetation Pattern and environmental consideration 

Different vegetations are growing in different areas depending on climate, rainfall and soil 

distribution. Vegetations vary in height, leaf width & thickness, and cell wall thickness in different 

areas. 

 

In areas having hot climate with deep ground water table, vegetation types are short and narrow leaf 

size or very thick flesh leaves with thick cell wall. In areas having wet climate with shallow ground 

water table, vegetation types are long and broad leaves with bushy growth. Therefore, vegetation 

types are good indicative for hand dug well sitting. 
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The most useful indicators of ground water are the perennial plants (which are present year round). 

Annual plants, such as, grasses, are not good indicators since they come and go depending on rains 

and seasons of the year. Generally survey of vegetation to help find shallow groundwater is most 

effective if carried out in the dry seasons. 

Although the effect of the construction of hand dug wells on the environment is very minimal, some 

aspects should be considered during siting. Before a site is recommended for the construction, its 

impact on the environment of the area, and watershed environmental impact on it should be taken in 

to account. Example: as much as possible avoid cutting trees to clear the site for construction. 

VIII.Rainfall Distribution, location of water source from irrigable land and size of irrigable land. 

Collecting these data is also important in the study and detail design of micro irrigation scheme. 

4.3 Period of Digging 

Hand-dug wells should be dug during the dry season (Nov-May) when the water table is likely to be 

at or near its lowest point. The well can be sunk deeper with less interference from water flowing 

into it. The greater depth should also ensure a year-round supply of water. Just after the rainy season 

the water table rises at the ground level and may provide water at shallow depth, which may dry 

during the dry season. 

 

4.4 Well Sections 

Every well, whether drilled or dug, has three sections: top, middle, and bottom. Each of these 

sections varies in construction, because each must function differently.  

i) Top section - That part of the well at or above the ground surface level. It should be designed to 

allow people to get water as easily as possible, and, at the same time, to prevent water, dirt, and other 

contaminants from entering.  

ii) Middle section - That part of the well which is between the ground surface and the water, this 

section is usually a circular hole. It is reinforced with some kind of lining to prevent the walls from 

caving in.  

NOTE: Lining and casing refer to the same part of the well. Lining is used to refer to that part of the 

dug well, while casing refers to the pipe used to reinforce a drilled well.  
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        iii) Bottom section - That part of the well that extends beneath the water table into the aquifer. It 

should be designed to allow as much water as possible to enter, and yet prevent the entrance of any 

soil from the aquifer. Its lining will have holes, slots, or open spaces, allowing water to pass through. 

4.5 Well Shape and Size 

The shape of the well is what it would look like if you were looking straight down into it.  

The size of the well is a measure of how wide it is. Some holes are very large, and some are very 

small. The size will be largely determined by: (1) the way it is excavated, (2) the materials used to 

line it, and (3) the purpose of the well.  

The size of the round hole is usually expressed by its diameter, a measurement from one edge of the 

hole through the midpoint of the well to the other side of the circle.  

Although wells can be dug in any shape, almost all wells are round. The reason for this is that a 

round well produces the greatest amount of water for the least amount of work. Also, a round lining 

is the strongest that can be built for the smallest quantity of materials. Thus, while other well shapes 

have been used without problems, a round shape enables the builder to get the most from available 

time, money, and materials.  

Square or rectangular wells are usually dug where materials to be used in lining the well necessitate 

such a shape. This is most often the case when flat wood board" are the only lining materials 

available. Wood, however, is not recommended for several reasons, which will be discussed later.  

Well Size-Diameter: Before the actual digging work begins, the exact diameter of the hole must be 

decided for circular shaped well.   

Generally, the choice of diameter will be based on two considerations. The well should have (a) the 

smallest diameter which still provides (b) a comfortable working space for the number of people that 

will be working in the well at one time. HDWs are need to be at least 1m wide to give people room 

to work. 

The smaller the diameter of the well, the less soil and rock will have to be dug and the less materials 

will be required to line the well. Remember, if you double the diameter of the well, you increase the 

amount of soil and rock that must be dug by four times. For example, as indicated in the table below, 

a 1.0-meter diameter well 20 meters deep requires removal of 15.7 cubic meters (m³) of material 

while a 2.0-meter diameter well 20 meters deep will require the removal of 62.8 m³.  

Diameter x Diameter x 0.7854 = Area; and Area x Depth = Volume  

 

Table 4 Examples of dimensions of a well 
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Diameter Area Depth Volume 

1.0 m 0.79 m² 20 m 15.7 m³ 

1.5 1.77 20 35.4 

1.8 2.54 20 50.8 

2.0 3.14 20 62.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8Hand Dug well during excavation 
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4.6 Estimation of Typical Bill of Quantities of Materials and Labor 

Needed 

You should make an estimate of the quantity of materials you will need to construct the HDW and 

arrange to have as much of the material as possible on site before you begin.  This will ensure that 

work is not held up whilst materials are being procured, transported or collected.  

The most commonly used materials needed for construction of Hand Dug Wells will be locally 

available (sand, gravel, stone, water, wood, local labor) and others (cement, industrial material, 

skilled labor) will need to be procured and transported to site. Whether they are bought or provided 

by the Community, all materials have value and should be handled properly during transportation, 

storage and use.    

 

4.7 Beneficiary or households Participation 

Households’ participation in the choice of technology and site selection is required in order to 

retrieve, as much local knowledge as possible and to secure the households acceptance of the 

selected water source as it is a key factor for sustainability.  

The degree of households’ participation and control may be the most important factors in 

determining the success of any wells construction scheme.  

9. Hand Dug Well Construction 

Before the construction started, type of well to be constructed should be known on depth, water 

source, and designed lining materials at the time of the study period. Considering its construction 

work, Irrigation wells can be broadly classified as follows:  

9.1. Classification of open wells during construction period 

9.1.1. Open wells based on depth 

Open wells can be classified in to shallow open wells and deep open wells. Shallow open wells 

penetrate the first pervious stratum only and draw water from it. The bottom of the shallow well 

doesn’t rest on the impervious layer. Deep open wells rests on an impervious layer. The impervious 

layer consists of beds of clay, cemented sand other hard materials below water tables. A deep well 

resting on an impervious layer draws its supply from the aquifer below it through the hole bored in 

it. The impervious layer acts as a beam and provides support to the well resting on its top. 
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5.1.2 Open wells based on lining 

On the basis of lining (or staining), the open wells can be classified as: 

a. Unlined wells have no lining. 

The well sides are unprotected. These wells are temporary nature. Unlined well is of limited 

depth. It caters to only small, local demands. This type of well is sometimes constructed where 

the water table is at a shallow depth, below the ground surface, and where the subsoil formation 

relatively hard and compact so that it can stand vertically at the sides of the well. It is mostly 

serves for supplementary micro irrigation. 

 

b. Well with pervious lining:  

In this type of well, the sides are lined with dry bricks or stone masonry (without mortar) so that 

the lining is pervious. To give structural stability, a portion of the lining above the water table is 

constructed in cement mortar. Generally, a band of lining in cement mortar, about 0.3m deep, is 

also provided at 1.25m vertical interval below the water table. The water enters the well from the 

sides only, and therefore the flow is radial. 

This type of well is suitable for construction in the formations consisting of gravel or coarse sand 

deposits. For sand formations, brick ballast (gravel) up to 20mm size is packed behind the lining 

to form a sort of filter which prevents the fine sand from coming in to the well with flowing 

water. This type of well is quite suitable and economical for the limited rate water withdrawal. 

 

c. Well with impervious lining: 

This is the most common type of well and suitable for all types of formations. This is a 

permanent type of well commonly constructed for well irrigation of small farms. It provides a 

dependable source of supply so long as the ground water conditions are favorable. In sandy soils, 

the impervious lining is also essential from structural stability consideration. These wells are 

fairly deep, but the depth is usually limited to 30m from the consideration of an efficient and 

economical lifting of water. 

The lining of such wells is in brick or stone masonry in cement (or lime) mortar or concrete. The 

thickness of lining generally varies from 30cm to 70cm, depending on the depth of the well for 

stone or brick lining. Bottom of the well is not plugged so that the water can enter the well from 

its bottom. In this type of well the flow is not radial.   
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5.2 Measuring Yield of Wells at the time of construction 

The yield of a well is the amount of water that can be removed from the well (by pumping or bucket) 

without the well running dry.  You must know how to measure and calculate the yield of a well 

because this is how you know that you have dug the well shaft deep enough.  The Project Supervisor 

will also measure the yield to confirm that you can stop excavating and start finalizing the well and 

constructing the headwork.  Often you will do this together.  

 The Static Depth of Water is the depth after the well has been left overnight with no pumping or 

bucketing.  This is also referred to as overnight storage.  To determine whether the well is deep 

enough, you need to check both the yield, and the static depth of water.    

For Example:  When you have excavated enough so that the static depth of water is 2.0 meters, 

check the yield.  If it is 20 liters per minute or more, you can stop excavating.  If it is less than 20 

liters per minute, you must dig deeper.  

5.2.1 When to measure yield: 

 You should measure the yield when the static depth of water is approximately 2.0 meters.  If you 

need to excavate deeper, check the yield for every half meter more you dig. It should not be in rainy 

season. 

5.3 How to Measure Yield (Testing of Well yield) 

To measure the quantity of water and recovery of well from a given aquifer, the following two direct 

practical tests can be taken in the field. 

 1- Pumping test:- 

In this method water is drawn from the well by dewatering pipe so as to have heavy draw down 

in its water level. The rate of pumping is changed and so adjusted that the water level in the well 

becomes constant. In this condition of equilibrium, the rate of pumping will be equal to the 

rate of yield, and hence the rate of pumping will be directly give as the yield of the well at a 

particular draw down. But it is very difficult and almost impractical to adjust the rate, so as to 

keep the well water constant. 

 

2- Recuperating test:- 

In this method, water is first of all drained from the well at a fast rate, so as to cause sufficient 

draw down. The pumping is then stopped. The water level in the well  will start rising. The time 

taken till the initial level  reached will be noted. Knowing the area of the well and the rise of the 

water level, the volume of water yielded in that given time interval can be worked out.   
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Example-1: -The Height of the water recovered with in 1 hour  is assumed to be 1 meter and 

diameter of the Well =2m 

 

 

 

 

 

 

 

Calculation: -             V= *D2*H 

                                           4 

                                   =3.14*(2m)2*1m 

                                              4 

                                   =3.14m3 /3140lt/ 

                     Q=V/t      =3140 m3/1 hr  

                                          =3140 m3/3600Sec  

                                               =0.87 m3/Sec 

 

Example-2 

Static depth of water = 2.0m  

Well diameter = 0.95m  

Final measured depth = 1.02m  

∴Area = 0.95x0.95x3.14 = 0.71 square meters  

                        4  

Depth = 1.02 - 0.5 = 0.52m   

    Quantity = 0.71x0.52x1000 = 369 litres 

Yield = Quantity / Time (30 minutes) = 369 / 30 = 12.3 liters per minute  

 

Example-3 

Static depth = 2.0m; and Yield = 12.3 liters/minute  

The result is not acceptable.  You must keep digging deeper.  

A. Get a bucket of known volume and a stop watch or clock that measures seconds.  
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B. Place the end of the hose in the bucket and at the same time start the stop watch or read the 

seconds on the clock.  

C. When the bucket is full, stop the stop watch or read the seconds on the clock.  

D. Calculate the number of seconds to fill the bucket.  

E. Flow rate (litres per second) = Volume of bucket (litres) / number of seconds  

F. Yield (litres per minute) = Flow rate x 60  

5.3.1 Deepening the Well 

Well deepening is done when a well has dried up in the dry season or in a drought.  The aim is to 

penetrate further into the aquifer so that the well will not dry up in future years.  

5.4 Components of the Well 

i) Well Headwall: The headwall is simply the continuation of the well lining above the ground level.  It 

should be at least 250mm high.  Sometimes headwalls can be up to a meter high, however if a Hand 

pump is to be installed this is not recommended.  

ii) Apron & Drainage: The Apron is a concrete platform around the well.  It creates a clean smooth 

surface from which to collect water.  It is sloped so that spilt water flows away from the well.  At the 

lowest point, a Drainage Channel takes any spilt water (or rainwater) away from the apron to a soakage 

pit, garden or animal trough. The apron can be square in shape, or round.  Square aprons are 4.75m x 

4.75m, and round aprons are 5 meters in diameter.  

 

5.5 Steps for construction 

1. Mark out the apron using wooden pegs  

2. Thoroughly clean the area of all vegetation, roots and other organic matter.  

3. Select the lowest point around the edge of the apron.  If the ground is flat, then one side will have 

to be built up using stones, sand and aggregate to create a slope to a lowest point (chosen for 

convenience in this instance).  

4. Measure 6 m from this point to the location of the soakage pit, trough or garden.  

5. Mark the corners of the drainage channel with pegs.  

6. Using wooden boards, make shuttering around the edge of the apron and drainage channel.  

Shuttering should be 150mm high and create a gap 100mm wide (see figure below).  Secure the 

shuttering with pegs and baton braces.  
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7. Using a 1:2:4 (cement: sand: aggregate) mix, fill shuttering with concrete, tamping thoroughly to 

remove air.  

8. The next day, carefully remove the inner shuttering, making sure you do not disturb the outer 

shuttering.  

9. If available, lay a 50mm thick bed of clean sand within the apron walls  

10. Wet the bed of sand or ground thoroughly.  

11. Lay a 75mm concrete slab within the apron walls, smoothing and grading it to ensure that there 

is a 2-5% slope away from the well, and the lowest point is where the drainage channel starts.  

12. Cover and keep moist for 7 days.  The remaining shuttering can be removed after 24 hours.  

 

5.6 Construction Equipments and Materials 

All necessary equipment required for study, site clearing, excavation, and construction should be 

available before starting the activities. The common tools are measuring tapes, Shovel, Pickaxe, 

Digging Hoe, Bucket, Hammer, Chisel, Wheelbarrow, Rope, Shovel, other carpenter & masonry 

tools, etc.    

10. LARGE DUG WELLS 

Large dug wells are constructed in areas where springs which have no flow are found  

 In such areas, the ground water is found near to the surface but it is not possible to construct 

spring cupping due to the absence of flow. 

 Constructing hand dug well is still difficult due to the presence of water at shallow depth and 

even may not have water if we go deep. 

 In this case, we have to excavate a large well commonly square in its shape with a dimension of 

3.6m by 3.6m with a maximum depth of 3m.  

 The net well internal dimension will become 2m by 2m and the rest will be the thickness of the 

masonry well.  

 The four sides of the well will be constructed by cement masonry having a number of wipe holes 

in both sides for the proper passage of water from the aquifer towards the well. 

 The main difference of LDW with that of HDW is  

 There is no concrete cylinder in LDW but masonry will be there insitu. 

 Well dimension is larger than HDW but less in depth  
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11. Construction Supervision and Testing Procedure 

11.1. Supervision Schedule 

 Site visits at milestones to check that the works shall be completed in accordance with 

specifications; and random site visits at other times to ensure that works should progress in 

accordance with agreements and that safe work practices are being used. 

 Final testing of facilities to ensure that sufficient quantity and quality of the work is produced to 

meet community demands is important 

 The Supervisor or technical advisor should prepare a tentative schedule of site visits.  

6.2 Supervision Items 

It is not possible, in this document, to list all the items that the Supervisor/technicians should check 

on site visits as they are numerous and will vary from site to site.  As a general rule, everything that 

the Supervisor should look out for should be contained in the Specification and Designs contained.  

It is good practice, therefore, for the Supervisor to prepare a checklist of critical items and 

measurements on signing of the contract. 

 

The following is a list of some of the things a supervisor should check and look out for when 

conducting site visits to hand dug well construction sites.  It should be noted that this list is not 

comprehensive. 

 

Table 5  Example of Items to Check on Supervision Site Visits 

 

Item Observation or Measurement 

General site conditions  Fencing to keep animals and children away 

 General cleanliness of the site 

 Storage of tools, equipment and materials 

 Evidence of safe work practices 

 Storage of spoil from excavation 

Excavation  Verticality (allowable limit of 10mm non verticality for 

every metre of depth) 

 Depth left unlined and stability of surrounding ground 
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Precast Concrete Rings  Dimensions (ID 0.95 m, OD 1.1 m, wall thickness 75mm) 

 Quality of concrete mix (strength, compaction, finish) 

 Reinforcing Steel (quantity, type and placement before 

placement of concrete; visibility of steel after concrete 

placement) 

 Placement, including gravel packing and mortar seal between 

rings. 

In-situ Lining  Dimensions (ID 1.3 m, roundness) 

 Joints between lifts 

 Reinforcement (quantity, type and placement, and visibility 

after formwork removed) 

 Quality and mix of mortar used for masonry lining 

 Quality and mix of concrete blocks if used for lining or 

joints. 

Materials  Uniformity of size and cleanliness of gravel/aggregate 

 Cleanliness of sand 

 Quality of stones used for masonry lining. 

 Cleanliness of water for concrete and mortar 

Head works  Height of headwall (minimum 250mm above ground) 

 Hardness of apron foundation material (no soft ground etc) 

 Drainage slope (2 – 5%, no ponding of water) 

 Soakage pit (no ponding or stagnant water) 

 

Finishing  Final fencing (ability to keep animals out, and to prevent 

unauthorized access) 

 Cleanliness of well (see below) 

 General cleanliness of site, including removal of building 

materials and restoration of any damage caused by 

construction. 
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6.3 Final Site Inspection and Testing 

6.3.1 HDWs 

Apart from the general standard and quality of excavation and construction outlined above, 

the Supervisor is responsible for making the final inspection and tests that dictate that 

excavation can cease and that the well is complete.   As a general rule, the two tests that 

determine that the well is complete are for Quantity and Quality of the water (if it is required 

for water supply). 

 

6.3.2 Quantity 

The yield measurements and detailed target in the Specification should be meet.  The 

nominal targets are a combination of static depth of water in the well, and inflow when water 

is removed.  These targets are as follows: 

 

Table 6  Nominal Targets for Hand Dug Well Yield 

 

Depth Inflow 

2.0 metres 20 litres per minute 

2.5 metres 15 litres per minute 

3.0 metres 10 litres per minute 

 

As outlined in the Specification, under certain circumstances the HDW may be deemed to be 

complete even if these nominal targets are not met.  It is the Supervisor’s responsibility to make 

this decision. 

It is also important to note that the well is also designated as “Provisionally Complete”, even if 

the nominal yield targets are met, until the first dry season has passed, to ascertain whether the 

HDW needs to be deepened. 

 

6.3.3 Abandoned HDWs 

On occasion it may also be necessary to judge that the well should be abandoned.  This could 

be due to  

 Excessively unstable soil conditions 
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 Evidence that the well is contaminated and cannot be disinfected 

 The well being dry and it being unlikely that water will be found 

 Large rocks or boulders that cannot be excavated or removed 

Unless it can be shown that any of these are due to negligence on the part of the Contractor, 

the contract will be paid as per the Bill of Quantities (for works done).  If the well is 

abandoned then it should be filled in with excavated spoil so that there is no danger of 

animals or children falling in. 

The decision to abandon a HDW will be made by the Supervisor or WoA expert 

 

 

Annex. One 

Bill of Quantities for Hand Dug Wells 

 

Item Description Unit Qty Rate Total 

1 Mobilisation/Demobilisation     

a To site for well construction each 1   

b To site for well deepening each 1   

c From site after well construction each 1   

d From site after well deepening each 1   

e Hiring of expensive equipment each 1   

 Sub-Total I     

2 Setting up / Excavation (1.5 metre diameter hole)     

a Site Preparation each 1   

b Excavation  at different depths m    

 Sub-Total II     

3 Well Lining (Concrete – in-situ cast or pre-cast)     

a Well lining at different depths m    

4 Well Lining (Masonry)     

a Well lining at different depths m    

 Sub-Total III     
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Item Description Unit Qty Rate Total 

4 Works Below Water Table     

a Caisson lining below the water table  m    

b Caisson lining for well deepening (provisional 

payment) 

m    

 Sub-Total IV     

5 Head works     

a Headwall each 1   

c Access Extension each 1   

d Access Hatch Cover each 1   

e Apron with Raised Lip each 1   

f Drainage Channel each 1   

 Sub-Total V     

6 Completion     

b Construction of Fence each 1   

c Operation and Maintenance Training each 1   

 Sub-Total VI     

 Total     
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Annex. Two 

 

Water Point Site Selection Report/ Sitting Report/ to be filled for each Water Point 

 

1. GENERAL CONSIDERATIONS 

1.1 Zone__________________        1.2. Woreda________________________ 

1.3 Kebele__________________     1.4. Village/Gott________________________ 

1.5 Location of the benefciary from the woreda capital (how to get there). 

 

 

 

 

1.6 Total size of land to be irrigated by each water point__________ 

1.7 Point Location ______________N,  ______________E, Altitude ___________Mt. 

2. TOPORGAPHICAL LOCATIONS OF THE WATER POINT 

 A. In a valley                   B. On a ridge                     C. On a plain. 

3. CLIMATE 

    A. Dega                               B. Wayne dega                          C. Kola. 

Name of the months of wet seasons________________________________________ 

    Name of the months of dry seasons________________________________________ 

4. EXISTING IRRIGATION WATER SYSTEM 

     Type of water source ___________________________________________________  

     Average distance from the land to be irrigated__________________________________ 

     Adequacy of the water __________________________________________________  

     Reliability of the source_________________________________________________ 

     Accessibility of the source________________________________________________ 

    Problems with the existing water sources_____________________________ 

     ____________________________________________________________________ 

   Remarks on the recommended water source _________________________________ 

     _____________________________________________________________________ 

    ______________________________________________________________________ 
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5. SKETCH OF THE LAND AND THE SOURCE 

In this sketch the following should be included a) roads in the area, b) land patterns (location of 

land), c) location of existing source and d) location of the proposed source with respect to the land to 

be irrigated and other important features. 

Sitting done by: 

1. Name________________                                           2. Name________________ 

    Signature________________                                         Signature_____________ 

    Date________________ ____                                        Date________________ 
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