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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. 
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1. Introduction 

1.1 Back ground 

 

Irrigation is the science of artificial application of water to the land, in accordance with the crop 

requirements throughout the crop period for full nourishment of the crops. 

A crop requires water for its growth. The crop yield from an agriculture lands depends upon a 

number of factors. Perhaps the most important factor is that the crop should get adequate water 

at various stage of the growth. If the rainfall is adequate to meet the total water requirements of 

the crop and it occurs at the time when the crop requires it, then irrigation is not required.  

However such ideal conditions are occurs rarely. Some of the factors which necessitate irrigation 

are inadequate rainfall; uneven distribution of rainfall; or insurance against drought. One of the 

proposed sources of irrigation water is developing springs available in the area. A spring is defined 

as a place where ground water emerges naturally from the earth’s surface, usually a long hillsides, 

at the base of slopes, or in low areas.  

The quantity of water from a spring can be substantially increased by digging out the area around 

the spring down to an impervious layer, to remove silt, decomposed rock and other rock 

fragments, and mineral matter sometimes deposited by the emerging groundwater. In doing this 

particular care should be taken, especially in fissured limestone areas, to avoid disturbing 

underground formations to the extent that the spring is deflected in another direction or into other 

fissures.  

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. Spring Development 

 

A spring is a place where under groundwater flows to the earth's surface. Spring water typically 

moves downhill through soils or through cracks and fissures in the bedrock until the ground's surface 

intersects the water table. A slow hillside seep or trickle where no visible water flow is observed 

should not be considered a true spring. Spring water is usually of high potable quality () and 

whenever there is a spring occurring within the vicinity of a community priority of using it should be 

investigated before opting other alternative sources such as dug wells.  

Cleaning the ‘eye’ develops a spring. Surface springs occur where groundwater emerges at the 

surface because an impervious ground layer prevents further seepage downwards. Spring water is 

usually feed from sand or gravel water bearing ground formation (aquifer), or a water flow through 

fissured rock. The main parts of a spring capping are a drain under the lowest natural water level (to 

avoid overpressure in the aquifer system), a protective structure providing stability and a seal to 

prevent surface water from leaking in. The drain is usually placed in a gravel pack covered with sand 

and may lead to a conduit or a reservoir. The structure may be made of concrete or masonry. A 

screened overflow pipe guarantees that the water can flow freely out of the spring at all times. A 

fence keeps animals out of the spring area. There are many types of spring capping, ranging from a 

simple headwall with backfill to more complicated structures. 

Springs have traditionally been used by allowing people and livestock direct access to the water and 

spring site. The result of this practice is that springs can quickly become contaminated with livestock 

manure and become mud holes from livestock traffic.  

The main objective of spring development and protection is to provide improved water quantity and 

quality for human consumption. Proper spring development involves protecting both the spring and 

its water quality from environmental damage and contamination, as well as improving access to the 

water for all its intended uses. Before reaching the surface, spring water is generally considered high 

quality, depending on the composition of the surrounding soils and bedrock. However, groundwater 

can become contaminated as it exits the ground's surface. Contamination sources include livestock, 

wildlife, septic systems and other human interference upslope from the spring outlet.  

Before a spring is developed, it is essential to check both the quantity and quality of water because 

springs are highly susceptible to contamination and seasonal changes in flow rate. Springs must have 
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a continuous flow even during the driest season in order that there will be no interruption of supply 

during this period. The spring should at least supply an average per capita of 15lit/day for the design 

population.  Springs with low flow rates requires a storage tank to collect and store overnight flows 

and make it available during peak consumption periods. But in conditions where spring yield cannot 

satisfy to meet peak demands of the design population, the spring can be used in conjunction with 

other available options like a storage tank can be incorporated in the spring protection structure. This 

enables the constant flow from the spring over the full 24 hours to be stored and then utilized to meet 

the varying demand during the day through a faucet in the structure. 

2.1 Criteria to be applied 

The optimum cases are those where the spring is above the community; then, the system won’t 

require energy (gravity flow) and water points could be placed as close to the community as possible 

(always depending on budget constraints). These systems are more sustainable, with low cost of 

execution and Operation and Maintenance. 

On the other hand, when springs are located below the community, there are two options: 

 To place the water point near by the spring, or, 

 Pumping to a tank above the community. 

Meanwhile the first option has some advantages in the economical and operation and maintenance 

aspects, the second one offers better service but higher costs and operation and maintenance 

requirements, thus requiring a deep study on sustainability of:- 

 Design requirements 

 Previous information required 

 Ownership aspects previously solved 

 Flow and base demand calculation (the rate of flow of water from the spring will vary 

with the seasons. It is necessary to measure the spring flow at the end of the dry 

season to determine its potential reliable yield). 

 Basic topographical survey.          

 Distances, time and users to serve 

 The amount of users that spring can serve is directly dependent on flow, always 

considering 20 liter/capita/day. 

Where spring is above the community, there should not be any problem to respect the maximum 

distances of 15 min from any house to the water point (anyway, there could be restrictions due to a 

short budget or a very scattered community). 
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Where spring is below the community, is quite common that users live more than 15 min away from 

it; therefore, a decision must be taken about it: to install a pump or to leave the water point near by 

the spring. 

Number of faucets must be designed to serve 150 people/faucet at maximum. 

2.2 General construction activities of springs 

 Earth Work 

o Site Clearing 

o Bulk excavation to spring eyes of retaining wall, Collection Chamber and Water 

Point. 

o Back fill with selected materials around the masonry wall.  

o Cart away surplus excavated soil at a distance of 20m away from the site.   

 Concrete Work 

o Placing 5-cm thick lean concrete (1:3:6) in excavated trench. 

o Reinforced Concrete for Slab concrete mix of (1:2:3) with reinforcement bar of 

12mm diameter. 

o Mass Concrete of concrete mix (1:2:3) 

 Masonry Work  

o 50 cm thick stone masonry foundation, retaining wall & flood Protection wall in 

bedded with cement mortar (1:3) 

o Construct 60cm X 60cm masonry valve chamber. 

 Pointing 

o Pointing external block of spring retaining wall, Collection Chamber and Water Point 

with cement mortar (1:3). 

 Plastering 

o Plastering internal block of spring capping and Collection Chamber with cement 

mortar (1:2) 

o 3cm thick cement screed on the floor of spring box and Collection Chamber. 

 Pipe Work 

o Excavation of trench 50cm X 50cm for pipe laying work. 

o Supply and install different sizes of Galvanized Iron Pipe. 

 Fencing 
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o Fence the Spring Capping, Collection Chamber and Water Point with 2m high 

eucalyptus, 1.60m over the ground fixed 0.40 m into the ground inter spaced between 

1m and the diameter of the poles 10 cm and diameter of the diagonals 6 cm) with 

wooden doors, sliding bolts and lock. 

o The area of the fence depends up on the area of the construction sites. However, the 

fence should far 1meter at every side of the construction. 

2.3 Basic Design Features of springs 

Because each spring site is unique and every community has individual water supply needs, there is 

not a particular spring box design that will fit all circumstances. The design chosen for any particular 

project will depend on local conditions, spring yield, available materials and community knowledge 

and requirements. 

Although there are many different designs for spring boxes, they all share common features. 

Primarily, a spring box is a watertight collection box constructed of concrete and masonry. The idea 

behind the spring box is to isolate spring water from surface contaminants such as rainwater or 

surface runoff. All spring boxes should be designed with a heavy, removable cover in order to 

prevent contamination from rainwater while providing access for disinfection and maintenance. 

Spring box design should include an overflow pipe that is screened for small animal control. It is 

also important to provide some measure of erosion prevention upslope from the spring box, one need 

to provide a diversion ditch capable of diverting surface runoff away from the spring box, and an 

animal fence should be constructed with reasonable radius around the spring box. This protects the 

water source from livestock and wildlife contamination, as well as from soil compaction that could 

lead to reduced yields.  

2.4 Spring Cupping (Constructing the Spring Box) 

The water must be piped directly from the eye of the spring to prevent any pollution affecting the 

supply. Gradated filter (stone, gravel and sand) in spring capping is required in order to ensure a 

better quality of water; installing a mesh in the outlet pipe to avoid problems of blocking in the 

system (leaves, straw, sand particles, etc.). Overflow pipe placed at the same or lower level of the 

spring eye is required; in order avoid overpressure in the aquifer. 

During spring construction the following points should be considered:  

 Period of construction: Construction of spring should be carried out during dry seasons to 

ensure that only the most reliable springs are protected.  
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 Mobilization: The construction team in consultation with the community should prepare a 

time schedule for all activities to be carried out and all the required materials and tools 

should be delivered to the site accordingly.  

 Site clearing: Clearing the vegetation and removing minimum top layer of soil to enable 

spring flows clearly seen so as to continue excavation works. 

 Excavations: digging out the spring until the flow is concentrated from a single source. If the 

spring is located in a hillside, it may be necessary to dig into the hillside far enough to locate 

the eye of the spring. Look to see if flow from major openings increases, or if flow from 

minor openings decrease or stop. These are signs that the flow is becoming concentrated 

from a single eye. Remember that the objective is to collect as much water as possible from 

the spring and that it is generally easier to collect from a single opening than from many. 

Once a single eye is located, dig down until you reach an impervious soil layer. This will 

make a good, waterproof foundation for the spring box. 

 Place 5cm lean concrete (1:3:6) in to the foundation trench and over it place 50cm thick (1:3) 

masonry wall fitted with delivery, wash out and overflow pipes. The masonry wall shall be 

well plastered and pointed. 

 The elevation at which the overflow placed should not higher than the elevation of the spring 

eye at which the spring emerges out from the ground. This prevent water not to stored in the 

spring box which may cause the seepage of water under the foundation of the cupping 

structure and finally loosing of all water since it will find its route. 

 The delivery (outlet) pipe should be placed a maximum of 5cm below the level of overflow 

pipe. The drainage pipe again should be placed 3-5cm below the level of delivery pipe and 2-

3cm above the floor of the spring box. 

 During construction of spring cupping, reservoir and water point, the pieces of pipes which 

are installed in the structure for the purpose of delivery, overflow, drainage and water point 

should be welded with other pieces of bars crossing on their external surface at which their 

part is buried in the concrete or masonry wall. In the absence of welding equipment, it is 

possible to deform the circular surface of the pipe by hammer with appropriate care not to 

obstruct the required flow of water through the pipes. These all helps that during children 

jump over the pipe, unless they are welded or deformed and tightly installed within the 

masonry (concrete) wall, it will losses its bondage with the structure and finally water from 

the cupping or reservoir will seep from the structure following the pipes external surface. 



SMIS, Spring Development for Micro Irrigation 

 Page 7/39 
 

 During installation of delivery, overflow and drainage pipes, their alignment should not be 

parallel to each other when observed from top. This will help simply to connect the spring 

box with the reservoir using the pipe wrenches. 

 It is more advisable to place a well compacted concrete sandwich with 1:2:4 mix ratio and 

thickness of 7-10cm between the 50cm thick masonry wall in order to prevent seepage not to 

flow through the masonry wall. 

 There should be an air vent pipe installed with the spring cupping cover slab. The vent pipe 

should have threads in one end to connect two elbows with one nipples which will help to 

prevent the entrance of dust and pieces of wood by children. 

 The overflow should have elbow directed to down wards and drainage pipe should have 

coupling for plug installation.  

 Flooring the spring eye box: 7cm thick lean concrete is placed on to the floor of the box to 

easily convey water coming from the filtration chamber to the delivery pipe and seep 

underneath the front wall.    

 Filtration: the interior of the wall shall be filled with river gravel (2mm - 40mm) and 

boulders in order to filter the flow. The smaller size river gravel should be placed near to the 

spring eye and its size increase towards the inlet pipe until it reaches to the wall of spring 

box. 

 Finally, over the filter pack 10cm thick concrete (1:2:4) cover slab shall be placed. The cover 

should be provided a manhole with a dimension of 50cm x 50cm so as to make inspection 

and cleaning easier. 

 Other design aspects specific to the particular spring site should take in to account factors 

such as flood and catchment area protection requirements. Whenever flood is anticipated, it 

is recommended to construct a flood protection wall bedded with cement mortar (1:3). 

3 Type of springs 

Three main types of springs occur in nature, and vary with the location and source of water.    

3.1 Artesian springs 

are confined by two layers of impervious material. The water from artesian springs is likely 

to have been sufficiently filtered naturally through the ground and typically has little to no 

chance of being contaminated with surface water that may infiltrate into the spring.   
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3.2 Gravity springs 

Rest on a single impervious layer, and can be thought of as an underground river. The 

unconfined aquifer will add many “tributaries” or input from local water and rain that seeps 

into the ground. Any contaminated water that flows into the ground will only have the short 

flow distance before reaching the spring, giving the input water much less time to be filtered 

naturally.  

3.3 Seepage springs 

Occur where water simply seeps out of sand, gravel, and other porous material. Opposed to 

artesian and gravity springs where flow is directed to one point, seepage springs result from a 

somewhat unconfined aquifer, where an underground reservoir simply leaches out in 

different places. This gives seepage springs the highest susceptibility to contamination. 

Therefore seepage springs need periodic disinfection if it planned for domestic water supply.  

 

4 Spring Site Selection 

Springs occur where the natural flow of groundwater emerges at the earth’s surface, usually at 

hillsides or low-lying areas. The water that flows from springs is usually safe from contaminants, 

due to the fact that groundwater is naturally filtered as it flows through the earth. Therefore, spring 

water is generally safe for human consumption, requiring little to no treatment. This makes springs 

relatively inexpensive yet safe as water sources. The quantity of water from a spring can be 

substantially increased by digging out the area around the spring down to an impervious layer, to 

remove silt, decomposed rock and other rock fragments, and mineral matter sometimes deposited by 

the emerging groundwater. In doing this particular care should be taken, especially in fissured 

limestone areas, to avoid disturbing underground formations to the extent that the spring is deflected 

in another direction or into other fissures. 

4.1 Surveying the Area 

Inspect the geology around the spring site. If the soil is rocky, it will have a very high infiltration 

rate through fractures, and contaminants may not be filtered out. If the soil is mostly sand, the water 

will infiltrate, but will be filtered to some degree depending on the depth of the aquifer. If the soil 

contains a high degree of clay, contaminated water will have a difficult time infiltrating the aquifer 

and the spring should be relatively safe for drinking water.  
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Finally, determine if the spring is able to meet farmers’ demand and is accessible for irrigating the 

proposed command area. Answer the question: “how easy will it be to transport construction 

materials and tools to the site?” Think about the conveyance system of irrigation water as well. How 

the construction and maintenance can be done and who will cover the cost? Can the community 

afford the project and will they maintain the spring? The development of spring should be demand 

based, and needs discussion with the beneficiaries and confirms their commitments. A detailed 

discussion on participatory approaches is discussed in Module/component 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Location of spring and HDW 

 

4.2 Determining Spring Reliability, Quality, & Flow 

 

It is also necessary to determine the reliability, quality, and the average/minimum flow of the spring. 

Ask the local residents of the history of the spring. Determine if the spring is seasonal or if it is fairly 

constant all year round.  

 

Check the quality of the spring water if it is also required for drinking. If you have no equipment to 

do this, look at the turbidity and check how the water smells. If there is a strong odor, or the water is 
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very turbid (has a lot of suspended sediment), it will probably need additional treatment than the 

standard spring water. This could include settling, filtering, and disinfecting.  

If you can see nothing wrong, make a judgment based on the survey of the area. If the conditions/use 

of the land is suspect, it may still be necessary to at least disinfect the water before consumption. 

Collect a sample for physical and chemical analysis. 

            

Determine the flow of the spring in dry season. This can be done by constructing a temporary dike to 

retain the spring flow. Insert a pipe through the clay dike, and time how long it takes to fill a 

container with a known volume. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2Measuring the Spring Flow Rate 

 

It is best to perform this test multiple times, and at least once during the dry season. The goal is to 

determine average and minimum flows in order to predict if the spring will be sufficient for the needs of 

the community or to fix the size of irrigable land.  

Procedures: 

 Arrange one container with known volume (example: 100 liters)  

 Fill the container and record the starting and finishing time (example: 20 seconds) 

 Repeat this measurement 3 to 5 times 

 Calculate the flow in liters/second for each measurement (example:5 liters/second or equal to 

300 liter/minute) 

 Take the average flow rate. 
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5. Water Demand 

Water demand (water requirement) in general it is the sum of irrigation water requirement, drinking 

water for livestock and humans and losses. It is important to account for water losses during the 

storage by seepage and/or evaporation and during distribution and application of water. In the design 

of rainwater harvesting structures in Ethiopia a loss of 20% (as efficiency factor) of the demand is 

considered (Marco and  

Hune, 2000).           

The length of the dry season will determine the size of the storage tank or pond.  The amount of 

water harvested also determines the size of storage. There fore, after calculating the demand, the 

availability of the supply should be checked from the proposed spring. At least the supply must be 

greater than the demand including losses.  

 

5.1 Irrigation Water Requirement 

Important climate, irrigable (command) area and crop data is required for calculation of irrigation 

water requirement.   

 

Step 1: Reference Evapotranspiration (ETo) 

It is also called potential evapo transpiration.The highest value of ETo is found in areas which are 

hot, dry, windy and sunny; whereas the lowest values are observed in cool, humid and cloudy areas 

with little or no wind.  

 

In many cases, it will be possible to obtain estimates of ETo for the area from the Woreda Extension 

office or from a nearby Meteorological Service. However, where this is not possible, the values for 

ETo should be calculated.  Methods to estimate reference evapotranspiration (ETo) are Blane-

criddle, Radiation, Pan Evaporation, Penman, and FAO-Penman-monteith. Out of these methods Pan 

Evaporation ( ETo = Epan × K pan) is the easiest, which needs pan evaporation (Epan) and pan 

coefficient (K pan ) data only.  

 

FAO-Penman-monteith (recommended) as the sole method to determine ETo (see FAO Irrigation 

and Drainage Paper No. 24 and FAO Irrigation and drainage paper 56). Basic Data required are 

monthly mean rainfall (mm), monthly mean temperature (Oc), relative humidity (%) and daily 

sunshine hour (h/day).  
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Step 2: Crop Evapo-transpiration (Etc) or Crop Water Requirement  

ETc=  ETo x Kc 

Where, Kc = crop coefficient, which varies for different crops, with growing stages and climate. For 

details on how to estimate Etc, woreda experts should review Module 2 of this manual or FAO Paper 

24.  

 

Step 3: Irrigation Water Requirement 

Crop water needs can be fully or partlymet by rainfall and therefore reliable rainfall of the area 

should be deducted from the calculated crop water requirement.  

Ir (m3) =  10 x ETcrop (mm)- Rainfall x Ca (ha) 

Ef 

 

Ir         :  Irrigation water requirements in cubic meters for the whole dry period 

ETcrop:  Crop water requirement in mm during the dry period 

Ca       :  Area irrigated with water from the reservoir in ha 

Ef        :  Overall water application efficiency 

 

5.2 Human and Livestock Water Requirement (where required) 

 It can be calculated using the expression:  

 Wd = N×q ×t 

 

 Where, Wd = volume of water required for domestic purposes 

                 N= number of people and livestock                                                    

                 q = daily water consumption 

                  t = number of days (for water consumption) 

 

Twenty percent of the water demand is usually considered as various losses; then  

Total water demand = Total Irrigation requirement + Total domestic water requirement + 20% loss        

Example: Computation of Gross water demand  

Crop data:  Selected crop is Sorghum; Average Kc is 0.7 (from FAO books) 

Livestock data:  Total livestock number (using the reservoir) (NL) 500, water consumption (Ac) is 

50 l/day/animal.       
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Population data:  Number of users (Po) is 400, water consumption (Dc) 40 l/day/person 

General data:  Average reference crop evapo-transpiration during the dry period is 6mm/d, Irrigated 

area (Ca) is 2ha, overall water application efficiency is 40%, dry period (t) is 90 days, rainfall is 

78mm per total growing season of 120 days, seepage loss is assumed to be equal to ETo losses, 

reservoir surface area is 1000 m², bottom and side walls area is 1500 m²  

 

Estimate irrigation water demand:- 

ET crop = Kc x Eto = 0.7 x 6mm/d = 4.2mm/d 

ET crop (dry period) = ET crop (day) x dry period 

= 4.2mm/d x 90d = 378mm 

Irrigation water requirement = Etc – rainfall = 378 – 78 = 300 mm. Finally it will be calculated for 

the proposed crop area 

→ Ir = 10 x (Etcrop- rainfall) x Ca    = 10 x 300 x 2        = 15,000 m3 

Ef                                            0.4 

Estimate livestock water demand:- 

WL = NL x  Ac  x  t = 500 x 50 x 90 = 2250 m3 

                   1000                  1000  

Estimate domestic water demand 

Wd=  Po x  Dc  x  t  =   400 x 40 x 90 = 1440 m3 

                   1000                  1000 

→ Total water demand = Ir  + WL + Wd 

                                   = 15,000 + 2,250 + 1,440 = 18,690m3 

→ Losses = Evaporation losses + Seepage losses 

Evaporation losses = ETo × Surface area of reservoir = 6mm/d × 1000 m² = 6 m³ /d 

Seepage losses assumed equal to 6mm/d 

Total seepage losses = Seepage loss × Bottom and side wall areas  

          = 6mm/d  ×  1500 m² = 9 m³ /d 

  → Total losses  =  (Evaporation losses + Seepage losses )  × Dry period 

    = (6 + 9 m³ /d) × 90d = 1350 m³ 

Estimate Gross water demand = Total water demand + Losses  

         = 18,690 + 1,350 = 20,040 m3 for 90 days 
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       = 223 liters/day (20,040 / (90 x 1000)  

 

Therefore, the yield of the spring (300 liters/day) is sufficient to satisfy the demand (223 liters/day). 

If the supply is below the requirement, storage tank can be designed. Water can be stored in the night 

or non-irrigation hours and irrigable area can be increased. Considering this the night storage pond 

should be designed and constructed.   

 

6. Spring Site and Materials Preparation 

6.1 Site Preparation 

The site needs to be properly prepared before excavation and construction work can begin. If you 

prepare the site well and have a good layout for tools, materials and other construction equipment, 

the process of developing the spring will go smoothly and easily. The main steps required for site 

preparation are clearing the site, fencing the site, plan the site layout, and construction materials 

&equipment and storage facilities. Any potential sources of contamination upstream of the spring 

should be identified and addressed if its purpose is for water supply and irrigation. A working area 

roughly 15 m radius from the spring should be cleared of all vegetation, loose stones, dead wood 

etcand planted only with grass.                   

Once you have completed these steps, you are ready to begin excavation and construction.  

 

6.2 Construction Materials and Equipment Preparation 

6.2.1 Materials 

The following is a list of the most commonly used materials needed for construction of spring 

developments. Some of these will be locally available and others 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. If you do not handle 

and store materials correctly, they will deteriorate and the quality of your construction will be 

poor. You should make an estimate of the quantity of materials you will need to develop the 

spring, 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. 

a) Cement 

- Comes in 50kg 

- Must be transported and stored dry. Cement should be stored inside 



SMIS, Spring Development for Micro Irrigation 

 Page 15/39 
 

- Never leave bags of cement sitting on the ground, even in storage sheds or shelters. Open 

bags should be stored in water and air tight containers.  

- Avoid contact with skin. Use shovels to handle. If direct handling is necessary, use 

gloves. 

- Quality of cement has an effect on the strength of mortar (cement + sand + water) and 

concrete (cement + sand + gravel + water).  

b) Sand 

- Can be available locally or transported to site in trucks. Clean river sand is generally the 

most suitable sand for concrete and mortar 

- Sand used in mortar and concrete mixes must be clean and free of soil and organic 

materials such as sticks, leaves, etc. Sand that is contaminated should be washed and 

sieved, or discarded. 

- Store sand on a clean dry surface, and cover with plastic sheeting or Hessian sacking to 

prevent contamination.  

c) Aggregates ( gravel) 

- Can be available or made locally or transported to site in trucks 

- Aggregates should be comprised of small stones between 6mm and 19mm across. This 

should be checked by passing the aggregate through sieves with 6mm and 19mm 

diameter holes.  

- River gravel is generally suitable for concrete. Alternatively outcrop rock can be broken 

down with hammers to form a suitable aggregate. 

- Aggregate should be free from dust, soil and organic matter. If sieving fails to remove 

these contaminates then the aggregate should be washed. 

- Store aggregate on a clean surface and cover to protect it from contamination 

d) Stone 

- Stone is generally available locally and is used as a lining material. 

- It should be clean and not fractured.         

- Should be of a size that is able to be handled without too much difficulty.  

e) Water 

- Water is needed for making cement and concrete and for washing tools, equipment and 

curing the structures. 
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- Water used for cement and concrete should be clean. Generally water from the well 

during construction is not suitable. Spring water generally can be used.  

- It is a good idea to have a barrel or other container on site to store enough water for the 

day’s activities.  

 

6.2.2 Equipment and Tools 

The following tools and equipment needed to develop springs. 

i) Measuring tools: - Plump bob, sprit level, measuring tape (5 meters), set square (quadra), and 

nylon string.  

ii) Construction tools:- shovel, pickaxe, digging hoe, mattock, crow bar, bucket, hammer, chisel, 

wheelbarrow, nylon rope, trowel, float, sieves, gauging boxes, axe, wood saw, dewatering 

pump, work gloves     

7. Spring Box and Reservoir Design 

7.1 Spring Box Design 

Both the type of spring and its location will determine the type of spring box to be built. There are 

three basic design types, related to the three types of springs. These are described below.  

 

7.1.1 Artesian springs 

If the spring is naturally occurring on relatively flat ground, it is likely to be an artesian spring. 

Water flows vertically out of the ground due to the pressure that is accumulated within a 

confined aquifer. For this type of spring, a spring box with an open bottom is used, as illustrated 

below. 

 

7.1.2 Gravity Springs 

If the spring occurs at the base of a slope or hillside, the flow is likely to be gravity driven. 

Unlike an artesian spring, a gravity spring will most likely have just one impermeable layer (on 

the bottom). In this case, much less pressure will exist in the system.  

 

Due to the nature of the horizontal flow, and low water pressure, a gravity spring in a hillside 

will require a spring box with a side entrance for the water. The design will most likely be 

similar to the structure presented in the illustration below.  
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Figure 3 Spring Box with Open Bottom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4Spring Box with Side Entrance for Water 

 

7.1.3 Seepage Springs 

In the case of a seepage spring, water will likely be flowing from more than one point. Similar to 

gravity springs, the flow will result from the force of gravity, and therefore exist almost always 

at hillsides or the bottom of a slope. Seepage springs have the highest susceptibility for 
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contamination; thus appropriate protection against contamination should be constructed if it is 

required for drinking.  

 

A spring box for a seepage spring may be constructed in two ways, depending on the spring 

characteristics. The ideal design is to dig far enough back into the hill to reach the single source 

of all of the spring flow. In this case, the seepage spring would simply be a gravity spring 

covered by a small amount of porous media.  

 

If a single line of water flow cannot be found, it may still be possible to dig far enough back to 

ensure all of the water flows into the side opening of the spring box. However, if the lines of spring 

flow are too separated and cannot be channeled into one spring box structure, then a different 

approach is needed. Rather than a spring box, one should construct what is known as a Seep 

Collection System. An example of such a system is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5Typical Feature of a Storage Box 

 

8. Reservoirs 

Reservoir in irrigation or rural water supply is required when the yield of the spring is very low and 

causes excessive queuing time. Overnight spring flows can be easily collected, stored and made 

ready for day time use that would otherwise have drained down the drain in the absence of reservoir.  
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 Reservoirs are needed when pumping is required. 

 The reservoir volume should be large enough to accommodate the cumulative differences 

between water supply and demand based on forecasted population through out the design period 

especially in peak days. 

 Reservoirs are usually constructed to provide a total volume of storage equivalent to one days 

consumption of the community. 

 Any reservoir should be situated at a higher elevation than the distribution are, but as close to it 

as possible. 

 The reservoir may also be sited so as either to limit the maximum pressure in distribution pipe 

lines or to sustain a pressure of at least 3-4 meters head at each water point while peak demands 

in the morning and evening. 

 In flat areas where no suitable hill sites or other high points for ground reservoirs are available, 

elevated tanks have to be used. 

 The roof of reservoirs should have an access manhole, drainage and air vent, covered in mesh fly 

screen, to allow air to be exhausted or admitted when raising or lowering the water level in the 

tank. 

 Overflow which is found at an elevation of less than the elevation of reservoir inlet should be 

there. 

 The maximum allowable height of over flow is equal to the elevation of the spring eye. 

 From practical experience, in rural water supply, a rectangular reservoir having a water holding 

capacity of 2m3 to 6m3 is mostly recommended. 

 In order to construct economical structure, the cross section of the wall of the masonry should be 

in such a way that it can resist the horizontal water pressure when it becomes full. There fore the 

bottom width of the wall where water pressure maximum is wider and it reduces towards the top. 

 From practical experience, the masonry wall reservoir of a rural water supply should have a 

bottom and top width of 60cm and 30cm respectively. 

 Masonry wall reservoir should have concrete sandwich up to 50% of the total height from 

bottom.    
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8.1 Design features 

Size of reservoir is always defined as a function of design period and total water demand of the 

projected population during the design period. However, mostly adopted ranges of size of reservoirs 

for rural areas are from 2-6m3. Shapes of reservoirs commonly used in rural water supply are 

rectangular and circular. 

8.2 Constructing the Reservoir 

Points to be considered during the construction of Reservoir  

 Site clearing and bulk excavation for foundation trench should be undertaken. 

 Placing 5-7cm thick lean concrete and on top of it masonry wall will be constructed. 

 Hard core is filled (25 cm thick) 

 Placing 10 cm thick RCC slab bedding for flooring with 10-12 cm dia bar at 20cm c/cand mix 

ratio of 1:2:3.  

 Concrete sandwiched up to 50% of the height of masonry wall with designed dimension will be 

constructed over the floor.  

 An inlet, outlet, overflow, drainage and ventilation pipes will be fitted to the reservoir 

 Apply 3cm thick cement sand screed on the floor and wall of the reservoir. 

 Placing 10 cm thick RCC roof slab with 10-12 cm dia bar at 10cm c/c and mix ratio of 1:2:3 with 

manhole of dimension 50cmx50cm. 
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Figure 6   Rectangular and Circular reservoirs 

8.2.1 Storage Reservoir Size: 

To determine how big the storage reservoir should be, calculate how much water will flow into the 

reservoir during the night or non-irrigation hours. 

 

Volume (litres) = flow rate (litres per minute) x number of minutes  

Volume (cubic metres) = Volume (litres) ÷ 1000  

It is generally a good idea to have some extra capacity in the tank, so multiply the volume calculated 

by 1.5:  

Storage Reservoir volume = Volume (cubic metres) x 1.5 

 

Example: 

Flow rate = 3 litres per minute  

Spring closed at 7pm                                                                                               

Spring opened at 6am  

Number of hours closed overnight = 11 hours  

Number of minutes closed = 11 x 60 = 660 minutes  
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Volume (litres) = 660 x 3 = 1980 litres 

Volume (cubic metres) = 1980 ÷ 1000 = 1.98 cubic metres 

Storage Reservoir Volume = 1.98 x 1.5 = 3 cubic metres 

Once you know the volume, you can calculate the dimensions using the formula  

Width x breadth x height = volume 

 

9. Construction 

 

Constructing structures is a very easy task, but constructing an effective structure which starts off a 

process of self –management in rural communities is a much more difficult task. 

 

Construction materials often make up a significant proportion of the cost of rainwater systems. If 

locally available materials can be used for little or no cost, major savings can often be achieved. 

When deciding on a particular design, it is always important to consider the cost and availability of 

materials. The quality of the construction materials is a critical factor influencing the quality of the 

scheme. If in doubt over the quality of any the materials are being used, these should be tested. 

 

Experienced masons and supervisor should be selected and assigned for quality construction work.  

 

9.1 Spring Development (the spring ‘Eye’) 

 

Work will be required on the spring itself before the construction of the spring box. Developing and 

excavating the spring eye will determine what type of spring it is and so what type of spring box is 

required.  

 

The first step is to dig far enough into the spring to locate the eye, or the point where the water is 

coming from. You should also dig down until you reach an impermeable layer of clay or rock. This 

is important as it means the water will all be directed into your spring box, and the spring box will 

have a sold surface to sit on.  
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If digging becomes very wet and messy, it may be necessary to divert the water away from where 

you are digging. This can be done by digging a temporary ditch, or using one of the pipes that is to 

be used in the completed spring box.  

 

If digging on a hillside, be sure to dig slightly upstream of the visible spring outflow so that the 

spring box can be set into the hill.      

 

9.2 Spring Box Construction 

A spring box is a structure made of masonry or concrete that exposes and encloses the spring ‘eye’ 

or point(s) from which the water flows. Spring boxes should have the following features: 

 

• Well Founded: The spring box should be founded on solid or impervious material. There should be 

a good seal between the walls of the spring box and the foundation material to prevent seepage 

under the walls. 

 

• Capture the Whole Spring: If there are several spring eyes spread over a wide area, then there will 

be a collection and channeling system to direct all the water into the spring box. 

 

• Incorporate Outlets: There should be an outlet pipe, a scouring or drainage pipe and an overflow pipe 

incorporated into the spring box. The level of the overflow pipe must be below the spring eye to 

prevent back pressure in the spring.  

 

The type of spring box used will depend largely on the type of spring being developed. Once the type of 

spring box has been chosen, it needs to be constructed. Generally spring boxes are constructed in-situ 

(i.e. in the location where it will be used), however sometimes they are constructed in another location 

and transported to site when they are ready. It is recommended that spring boxes be constructed in-situ.  

 

9.3 Storage Reservoir Construction 

The place where water is collected is generally located away from the spring.  

 

It is good practice to construct a water collection point away from the spring box where beneficiaries 

can operate the system to release water for irrigation and other purposes.  
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This has several advantages: 

 

1. If the spring is in a gully or other location that is difficult to access, the water collection point 

can be located somewhere much easier for people to get to. This makes the operation easier 

and safer for the farmers.   

2. It protects the catchment area and the area around the spring against any interference.  

3. Sufficient area can be available and it allows the construction of any size of overnight storage 

reservoir. This will make irrigation water diversion much quicker than if collecting directly 

from the spring box. The collection point normally consists of an overnight collection 

reservoir (if the yield from the spring is less than that required meeting peak demand) and 

outlet to irrigation canals and pipe systems for water supply.    

 

The collection chamber should be properly founded, and of a size equal to the daily peak demand 

requirements.           

 

The storage reservoir can be made from concrete, masonry or geo membrane plastic sheet. 

Appropriate site for gravity flow from spring box to the reservoir should be selected. It can be 

connected with open canal or pipe to the spring box.  

 

9.4 Fencing and Spring Protection 

 

9.4.1 Fencing the Site 

A fence is needed around the spring site high and sturdy enough to prevent access by animals. 

Construction of the fence may take place before the construction of the spring box; however a 

sufficient opening should be left so that the materials can be easily delivered to the site. People will 

also need adequate space to maneuver during the placement of the spring box (if it is constructed 

away from the spring).  

 

Although it is strongly recommended that the fence should be built before construction of the spring 

box begins, if this does not happen then the fence should definitely be in place before irrigation starts 

or the community starts to use the water.  
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9.4.2 Digging a Diversion Ditch 

The spring source needs to be protected with a diversion ditch against erosion and contamination 

from surface water. The function of the ditch is to simply catch and divert surface water away from 

the spring site. Therefore, the ditch should be on the up hill side from the spring and then slope 

downhill and away from the spring. The ditch should be a distance of 8 m away from the spring, 

providing sufficient clearance, while situated within the protection of the fence.  

 

The size of the ditch should be relative to the amount of surface flow it will need to intercept. In a 

well-vegetated area, however, the runoff will not require a very wide channel. Generally a diversion 

ditch with a width of 15 cm is sufficient.  

Alternatively, the base of the ditch can be lined with stones to prevent erosion. Once the project is 

completed, one should inspect the ditch during a normal rain event and verify that it is large enough 

to divert the flow. If the ditch is insufficient, it should be dug wider. 

 

9.4.3 Concrete & Mortar 

Following is a brief description of concrete mortar properties. For a detailed description, the woreda 

expert should review Module 7 of this manual. 

 

Concrete is the mixture of cement, sand and aggregate (or gravel, stone etc), mixed with water.  

 

Mortar is the mixture of cement and sand only (with water).  

 

Depending on the use, these ingredients are mixed in different proportions to achieve a mixture 

with the desired properties. In general, the more cement used in the mixture, the stronger the 

resulting material.  

 

Concrete is used to make structural or mass objects, whereas mortar is used to smooth, plaster or 

seal a surface, or to glue bricks or stone together.  

 

Concrete or Mortar is always defined by the ratio of cement to sand to aggregate. For example 1:2:4 

means for every bucket of cement used, you add 2 buckets of sand and 4 buckets of aggregate. 
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You should use gauge boxes to measure the cement, sand and aggregate. Gauge boxes are simple timber 

boxes with no lid or base, and two handles as shown. They allow you to measure the quantities of 

cement, sand and aggregate accurately. 

 

 

Mixing Concrete and Mortar  

Concrete and mortar must be mixed thoroughly and in the correct proportions. It is very important that 

you measure out the amounts accurately. Make sure you use a gauge box or a bucket to measure the 

amounts. Do not estimate them. 

 

For example, if using a bucket to mix 1:2:4 concrete, one level bucket of cement should be mixed with 

two level buckets of sand and 4 level buckets of concrete. To make larger amounts, simply multiply the 

number of buckets of each ingredient. 

 

There is a general formula to calculate the quantity of materials or amount of the mix ratio of each 

component: 

 

a) Assumed Concrete mix ratio   = 1:2:4 

 Volume of concrete   = x m3 

 Then, 

 Cement = 1/7 × x m3 × 1400kg/ m3 × 1.3 shrinkage × 1.05 wastage       = 273 x kg 

 Sand     = 2/7 × x m3 × 1.3 shrinkage × 1.5 wastage = 0.55 x m3 

 Gravel = 4/7 × x m3× 1.3 shrinkage × 1.15 wastage = 0.85 x m3 

b) Assumed mortar ratio = 1:2 

 Volume of mortar = y m3 

 Then, 

 Cement = 1/3 × y m3 × 1400kg/ m3 × 1.3 shrinkage × 1.05 wastage 

   = 637 x kg 

 Sand = 2/3 × x m3 × 1.3 shrinkage × 1.5 wastage = 1.3 x m3 

Unit Weight: 

- 1400 kg/ m3is unit weight of cement. 
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- 1350 kg/ m3 is unit weight of sand 

- 1300 kg/ m3 is unit weight of gravel 

- 2300 kg/ m3 is unit weight of concrete 

The actual volume of water will be smaller depending on the water content of the aggregates. Concrete 

Grades C 25 and C 30 require high quality workmanship (i.e.  

mixers, vibrators & qualified supervisors). The amount of water used is critical; too much and the 

mixture will be too runny and difficult to place and use; too little and it will be unworkable. It is easier 

to add more water to a dry mix than extra mix to a wet slurry.  

The dry ingredients (cement, sand and aggregate) should always be thoroughly mixed while still dry 

before any water is added. A technique known as the twice-dry twice-wet technique is recommended: 

 Spread the aggregate out over the mixing slab, and the sand over the aggregate and the cement 

on top  

 Shovel the whole pile to one side of the slab, then shovel the whole pile to the other side of the 

slab. The mix has thus been turned twice dry.  

 Make a hollow in the top of the pile and begin adding the water. The quantity of water needed 

will depend on how wet the sand and gravel are to begin with. As the water is added, shovel the 

mixture to the other end of the slab again, and back again, thus turning the mixture twice wet.  

            

If available, concrete and mortar can also be mixed with a mechanical concrete mixer.  

Once mixed, it should be used within 30 minutes. 

When mixing and using concrete and mortar, there are a number of important points which should be 

remembered: 

• Never use dirty water. Using dirty water, or sand and aggregate with impurities (such as sticks and 

leaves, or soil) will weaken the concrete or mortar.  

• Only use clean, evenly graded sand and aggregate 

• Always store cement correctly. The setting of concrete or mortar is a chemical reaction between the 

cement and water. This reaction starts as soon as the two materials mix. If the cement has come into 

contact with water during storage or transport it may have already reacted (indicated by hard or 

lumpy cement in the bag) and will no  

longer be suitable. It is therefore very important that cement is stored and transported carefully and 

properly.            
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• Use within 30 minutes of mixing. Once the concrete or mortar has been mixed, it should be used 

straight away. If left it will ‘go off’ or harden and become useless. You should only mix as much 

concrete or mortar as you can use within 30 minutes.  

• Allow concrete and mortar to cure properly. Concrete and mortar generally sets hard within an hour or 

two (depending on the temperature). However it continues to gain strength for up to a year (a 

process known as curing), although it is generally accepted that full strength is reached after 28 

days. New concrete should not be subjected to any loads for at least a day or two.  

• Keep concrete damp during curing. Concrete cures better if kept damp during curing. This can be done 

by spreading cloth or hessian sacking, or sand over the concrete and keeping it wet for a week after 

pouring.  

9.4.4 Masonry Wall Construction Techniques 

To ensure water tight structure, it is very important to lay the masonry in a proper way as follows. 

 Firstly, cement mortar is poured on the ground with a thickness of 2-3 cm and the stone is laid. 

Was the dirt away from the stone surface. And then squeeze the stone into the mortar layer 

firmly with the larger face of stone downward.  

 When the first layer is finished, again cement mortar is   poured on top of the first layer of stone. 

The mortar should be pressed into all the voids between stones to ensure a dense masonry.  

 Then the next layer of stones is laid as before. It is very critical to make sure that the joints 

between stones should be arranged in an alternative way and through joint in both vertical and 

horizontal direction should be strictly avoided.  

 After the wall reaches its design height, pointing of the joints should be made for the whole 

surface of the wall. Curing of the joint pointing and masonry is followed after setting of the 

mortar.                    Cement mortar of Grade M10 is suggested 

to use for masonry, and Grade M15 is suggested to use in pointing.  

           

 When building the masonry, the following aspects need special attention and need checking: 

 

- The stone to be hard, sound, free from cracks and decay and not weathered  

- The stone to be freshly quarried from an approved quarry.  

- To lay each layer of stones as flat and as leveled as possible.  

- Placement of stone must be stable and immovable 

- Emplace the stones as close as possible to minimize the void between stones 
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- Fully fill up the voids between stones or joints with cement mortar in a sequence from up 

to down. The groove of joints is proposed to lean up before filling. 

 

9.5 Construction Control and Scheduling 

Construction control is a function of monitoring the progress achieved in comparison with the 

scheduled program and identifying areas of deficiency. This is control of physical progress and also 

the process of controlling the cost incurred for the execution of the work to get the maximum benefit 

with minimum anticipated input.  

Construction scheduling is the process of setting out specific task objectives by the optimum use of 

given resources to be accomplished in specified time spans within the planned time of construction. 

 

The following are the major issues in scheduling: 

 Activity and staffing schedule 

- Identify the activities and personnel involved in the project work & list out the sequence. 

- Workout the volume of work for each activity and for each project   

 personnel. 

-     Decide the time required for each activity and personnel 

 Resource Schedule 

- Quantify volume of material, equipment, tools, labour& finance required for each item of 

activity 

 Labor Mobilization 

10. Completion 

10.1 Operation and Maintenance 

Poor management and lack of maintenance are the main causes for the failure of irrigation projects. 

Training and provision of tools and fast moving items to the beneficiaries, guidelines and procedures 

for the operation and maintenance of all components of the system are needed at the outset of the 

project and usually considered and well designed. The experience indicates that construction of good 

quality structure alone is not a solution for sustainability of the scheme unless proper operation & 18 

maintenance is implemented.   Periodic cleaning and/or de-silting may be necessary, as well as 

repairing any cracks that may form on the structure. General cleaning around the reservoir and 
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repairs to the fence and drainage will also be necessary from time to time.    

    

To ensure the success of any irrigation project, it is essential to involve the community in all aspects 

of planning, project design, implementation, operation and maintenance. Experience has shown that 

simply providing rural communities with the necessary “hardware”, however technically sound it 

may be, is not enough to ensure projects will succeed. This will ensure that clear lines of 

responsibility and accountability are established and those resources both in terms of trained 

personnel and financial resources are available to guarantee regular maintenance and timely minor 

repair work is done before major system failures occur.  

The efficiency and longevity of the schemes lies up on the nature of maintenance. The beneficiaries 

are to play the executive role in the operation and maintenance of the system.  

 

10.1.1 Classification of Maintenance: 

i) Regular: The regular or routine maintenance is carried out on regular basis at daily, weekly, 

monthly, or end of each crop season interval and beginning of the new crop season. Such work may 

include de silting, vegetation removal, greasing of tools, gates, etc.  

ii) Periodical: This includes activities that carried out from time to time depending on the need of 

the specific components of the system. Such activities are mainly related to the repair of structure, 

waterway shaping, equipment, gates and pumps 

 Such maintenance may be carries out with in a given period of time after inception of the system. It 

is commonly done once a year, before water harvesting and also at the end of irrigation and is done 

during non-crop season.                                                          

iii) Special Maintenance: This is done when extra ordinary repair is needed such changing of gates, 

mesh wire, renovation of the structures, guiding channel from the catchment, etc. In this, extra cost 

is involved in addition to the normal repair maintenance cost.  

iv) Emergency: This is done after some emergency problems, like pump failure, drip lines closing, 

etc 

 

10.1.2 Operation and Maintenance Manual and Training 

Site specific separate Manual onOperation and Maintenanceshould be prepared with details 

procedures that Communities should follow. This manual can assist the community and WUA with 

Operation & Maintenance Training. 
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It is required to provide training to the Community in Operation and Maintenance of the scheme.  

You need to set aside adequate time for this to ensure that the beneficiaries fully understand how to 

use their Spring Development properly, and the importance of maintenance. 

10.2 Water Users Association 

It needs to organize the beneficiaries of the scheme and establish WUA or Water Users Committee. 

The committee is responsible over all management, operation & maintenance of the irrigation 

scheme or spring.        

 

10.3 Handover of Scheme 

Once all construction and completion activities have been carried out to the satisfaction of the 

Community and WUA, you can officially hand over the scheme to the farmers and WUA in the 

presence of kebele Administration and development agents. Handing over agreement should be 

prepared and signed by all parties. Practical training with proper guideline prepared in local 

language should be given to the beneficiaries.  
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