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The lay-out of the 72 m infiltration pipes upstream of Kisasi subsurface dam are illustrated by 

the persons standing above them. The intake well and pump house are seen in the left 

riverbank. 



Photos of communities constructing subsurface dams of soil 
 

 

Keeping record of working days. Cooking food for labourers. Transporting materials. 
 

 

Babysitting while cooking food. Attending Chief’s meetings.   Welcoming visitors. 

 

A subsurface dam being constructed of soil. A completed subsurface dam built of soil. 

 

 

Clayey soil for building a subsurface dam. A 50 year old subsurface dam in Hargeisa. 
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Practical measurements 
 
VOLUMES 

 
1 cubic metre of cement                    =  1.40 tonne  = 28 bags @ 50 kg 

1 cubic metre of dry sand                  =  1.60 tonne  =   8 wheelbarrows 

1 cubic metre of dry gravel               =  1.52 tonne  =   8 wheelbarrows 

1 cubic metre of rubble stones           =  1.85 tonne  =   8 wheelbarrows 

1 cubic metre of water                        =  1.00 tonne  =   5 oil drums = 50 jerry-cans 

 
BILL OF QUANTITIES 

 
1 cubic metre of rubble stone masonry   =     2 working days for a trained builder 

2 working days for three labourers 

4 bags of cement for mortar 1:4 

0.4 tonne of river sand 

2.0 tonnes of rubble stones 

200 litres of water 

 
1 cubic metre of concrete 1:2:4 with shuttering =    1 working day for a trained builder 

1 working day for three labourers 

10 m of 16 cm x 2.5 cm timber 

5 kg of 80 mm nails 

6.1 bags of cement 

0.6 tonne of river sand 

0.8 tonne of gravel 

550 litres of water 

 
UNITS 

 
1 metre = 1 m = 100 cm = 1,000 mm = 3.28 feet 

1 foot = 1’= 12 inches = 12’’ = @ 2.54 cm = 30.48 cm 

1 UK gallon = 4.55 litres 

1 US gallon = 5.5 litres 
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1       Introduction to subsurface dams 
 
Subsurface dams trap water in the sand upstream of their dam wall which is built across a sandy 
dry riverbed to a height of 0.4 m below the surface of the sand. Water in subsurface dams is 
stored in the voids between the sand particles from where, ideally, up to 35% of water can be 
extracted from coarse sand particles with large voids. This means that 350 litres of water can 
be extracted from 1 cubic metre of coarse sand while less than 70 litres of water can be 
extracted from 1 cubic metre of fine-textured sand. 

 
Subsurface dams are recharged by rainwater that runs off a catchment and into riverbeds as 
floodwater on its destructive way to the sea. Contrary to sand dams, which are highly 
vulnerable and often damaged by floodwater because their walls protrude above the surface 
of the riverbed, floodwater passes safely over subsurface dams as these dams lay at an 
unreachable location of 0.4 metres under the surface of riverbeds. 

 
Sand dams have evaporation losses until the level of water in the sand sinks to 0.4 metres below  
the sand surface. On the contrary, subsurface dams suffer no evaporation loss as the maximum 
water level in the sand is 0.4 metres below the surface of sand where capillary action cannot 
draw water to the surface. 

 
Another advantage of subsurface dams is that they are simpler and cheaper to design and 
construct. However, the most important advantage is that subsurface dams do not require any 
maintenance or repairs at all. The choice of whether to construct subsurface dams or sand dams 
should therefore be obvious. 

 
Subsurface dams have been built of clayey soil taken from nearby riverbanks for the last 100 
years, while reinforced concrete in situ or rubble stone masonry has been used for only the 
last 40 years. Recently a subsurface dam has been built of dam-liner sheeting (Geo-
membrane Liner). Each of these four construction materials: soil, concrete, stone masonry and 
dam-liner are designed differently as explained briefly below and in more detail in their 
respective chapters and annexes. (See Technical terms in Annex 1 page 28). 

 
Subsurface dams built of soil. 
Subsurface dams built of soil were constructed by the 
Tanganyika Railway in the 1910s. ASAL Consultants Ltd. 
has conducted more than a dozen training courses and 
construction of this design since 1990. 

 
This 24 m long subsurface dam was built of soil to a 
height of 2.3 m and 0.4 m below the surface. Its storage 

capacity is 27,600 m3 of sand with a water storage 

capacity of 8,300 m3.plus recharge from Kitui hills. Since 
the dam was built in 2005, it has supplied 16,000 litres of 
water per hour for 5 hours = 80 m3 of water every day. 

 
The subsurface dam built at Kisasi in 2005. 
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Subsurface dams built of concrete 
More than 40 subsurface dams were built 
of concrete in Karamoja by 2009. The 
walls are 1.0 m wide and built either onto 
rock or into a floor of soil. 
Construction cost could have been 
reduced by 4 / 5  if the dam walls had 
been built of soil (Annex 19 page 52) and 
if built onto underground dykes found by 
probing (Section 4.5 in page 9). 

A subsurface dam built of concrete or rubble stone masonry. 
 

 
 
 
 
 
 
 

 
A subsurface dam built of dam-liner plastic sheeting. 

Subsurface dams built of dam-liner 
Dam-liner sheeting can be placed across 
a riverbed and embedded watertight into 
the floor of a natural dyke and its two 
riverbanks. Dam-liner may be a cheaper 
material than soil where manual labour is 
scarce or unavailable locally. 

 

As can be noted from the three sketches shown above, dam walls should be constructed onto 
natural upwards bulges in the floor under the sand, called ‘dykes’ to gain free water storage 
capacity for a minimum of construction costs. 

 

 
 

Dry vegetation Lush vegetation 

 

 
 
 
 
 
 
 
 
 

 
A natural dyke trapping 
infiltrated floodwater 
upstream of it 

Floodwater 
trapped in 
sand  

Waterhole 

 

 

A 3D sketch and a longitudinal profile of a natural dyke with waterhole upstream of it. 

 
The hydro-geological explanation for water being available in "dry riverbeds" is due to the 
following basic principle: ‘Voids between sand particles become saturated with seasonal 
floodwater that is pulled downstream by gravity until the riverbed is dry. However, where a 
natural dyke in the floor under the sand stops the subsurface flow of water, it is trapped upstream 
of the dyke in a natural subsurface dam’. 
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Although the surface of riverbeds looks more road-worthy than many dirt roads in rural regions, 
the floor under the sand in riverbeds has invisible dykes and depressions. These were created 
millennia ago by the erosive action of flood water running through the lowest part of a 
landscape. The storm water removed the softer part of the soil thereby creating depressions 
while leaving the harder soil as dykes in these seasonal water courses. 

 
Later on floodwater deposited eroded stone particles from the catchment as sand in the 
depressions. These seasonal sandy water courses are nowadays called dry riverbeds, sand rivers, 
luggas, togas, wadis and ephemeral streambeds. 

 

For hundreds of thousands of years, elephants, ant bears and other animals have known 
where to find water in dry riverbeds. People living in drylands and semi-deserts learnt from the 
animals. Even today waterholes are the only water source available for millions of people. 

 
 
 

Livestock being watered from one of 
the shallow and safe waterholes 
excavated in the sand of a subsurface 
dam in Karamoja, northern Uganda. 

 
 
 
 
 
 
 
 

 
Waterholes upstream of subsurface dams are shallow and safe. 

 
 

 
A large community is drawing water 
from a deep and dangerous waterhole 
at Kibwezi in Kenya. 

 
Every year people are buried alive 
when the sand in waterholes 
collapses upon them. 

 

 
 
 
 

Without subsurface dams waterholes are deep and risky. 
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2 Advantages of natural dykes and depressions 
 

Local communities know that water can be 
found in the sand near certain species of trees 
growing in the riverbanks because such trees 
can only grow where there is shallow 
groundwater throughout the years. (See Water- 
indicating vegetation in Annex 3 page 30). 

 
 

 
 
 
 

A subsurface dam built onto a natural dyke. 

The construction costs of subsurface dams, as 
well as of sand dams, are greatly reduced using 
natural dykes for their foundation as shown in 
the cost comparison below. 

 

2.1 Economical benefit of building subsurface dams on dykes (US$ 1=Ksh 85 - 2013) 

 
Subsurface dams Cost 

 

Ksh 

Volume of 
extractable water 

m
3 

Cost of 1  m
3 

water 
storage,  Ksh 

Built on 

a  dyke 

Kisasi SSD built of clayey soil 69,700 8,282 8.42 Yes

Gule Karamoja SSD built of concrete 180,200 729 247.19 No 

Machakos SSD to be built of dam-liner 188,255 2,000 94.13 Yes

VSF-Belgium SSD built of concrete 584,000 1,800 324.44 No 

VSF-Belgium SSD built of clayey soil 114,000 1,342 84.95 No 

Conclusion: 
The table proves that SSDs built on natural dykes have much lower construction costs. 

 
 

2.2 Explanation on the subsurface dams described above 
 

The Kisasi subsurface dam has the lowest construction cost per m3 water storage, namely Ksh 
8.42 (US$ 0.1) because it  was designed and constructed of soil onto a natural dyke which lays 
1.5 metres below the surface of Nzeeu riverbed with a 6 metre deep natural depression located 
upstream of the dyke.  
 

This natural subsurface reservoir has a sand reservoir of 20,900 m3 from where 30%, equal to 

6,270 m3 of water, is extractable. In 2005, a 1.2 m high dam wall with a 0.6 m deep key was 
built onto the dyke to a height of 0.4 m below the surface of the sand in the riverbed which 

increased the extractable volume of water with 8,282 m3. 

 
A perennial subsurface flow of water from the Kitui hills recharges the subsurface dam. Since the 
dam was constructed it supplies 16 m3/hour for 6 hours daily throughout the year to the 8,000 
community members of Kisasi Water Project in Kitui. More information on this dam can be found 
at: water from dry riverbeds in www.waterforaridland.com 
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The Gule subsurface dam is one of the 40 SSDs that were built of reinforced concrete in 
Karamoja of Uganda from 2006 to 2009. Evaluations of these SSDs showed that since no 
considerations were given to utilize dykes or depressions, some SSDs were situated in the 
deepest part of riverbeds, thus increasing construction costs while reducing storage capacity. 

 
The Veterinaries Sans Frontières (VSF) in Kenya built 9 subsurface dams of reinforced 
concrete before realizing that subsurface dams could be built of soil for about 75% less than 
concrete. This lower cost could have been reduced much further if they had utilized existing 
dykes and depressions. Ref: http://www.samsamwater.com/library/Subsurface_dams . 

 
The Swiss Development Coorperation (SDC) in Kenya built 3 subsurface dams of soil and 
one of dam-liner sheeting at Isiolo and Garissa. Data on these 4 SSDs cannot be given due to 
a confidential clause in the contract with the Author. 

 
The Machakos subsurface dam will be built of a 1.0 mm Low Density Polyethylene (LDPE) 
Geo-membrane Liner, available in widths of 6 m and 7 m in rolls of 200 m length, at a cost of 

Ksh 300/m2 = US$ 3.53/m2, if funds will be available. 
 
2.3 Comparison of construction costs for the above described subsurface dams 
Construction costs of the f ive  types of subsurface dams described above and the type of 
hand-dug well described on page 18 vary considerably as shown in the table below (detailed 
costing, including surveys, designs and BQs are presented in Annexes 17 to 22, on pages 50 to 
55). 

 
Type of structure Size Construction cost Ksh 

Hand-dug well without lift or pump 1.2 m x 8 m deep 104,995 

Wide river-intake without lift or pump 3.0 m x 8 m deep 183,885 

Subsurface dam built of soil 24 m x 2.1 m deep 156,400 

Subsurface dam of rubble stone masonry 24 m x 2.1 m deep 771,075 

Subsurface dam built of concrete 24 m x 2.1 m deep 1,868,750 

Subsurface dam built of dam-liner sheeting 24 m x 2.1 m deep 192,510 

  Conversion rate: US$ 1.00 = Ksh 85 (2013) 

 
Conclusions on the construction costs 

 
1) Soil taken from a nearby riverbank with paid labour is the cheapest option and the cost 

can be much lower where local communities provide free labour. 
 

2) Dam-liner sheeting is the second cheapest due to fewer working days. 

 
3) Reinforced rubble stone masonry is the third cheapest building material. 

 
4) Reinforced concrete is the most expensive construction material and costs 2½ t imes  

that of rubble stone masonry, about 10 times more than dam-liner sheeting and about 
12 times more than paying community labourers for building a subsurface dam of soil. 
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3 Identification of suitable sections of riverbeds 
 

3.1 Potential regions  
The potential regions in Kenya for subsurface dams are in semi- 
arid (yellow), arid (light brown) and semi-desert (reddish) regions 
which cover about 83% of the land in Kenya. 

 
Subsurface dams are the most successful water projects in these 
hot and dry areas due to the following reasons: 

 

 1) No evaporation losses due to underground storage. 

2) No seepage losses as riverbeds have a water-tight floor. 
3) No maintenance or repairs required at all. 
4) Lowest construction cost of all types of water projects. 
5) Provide water for people, livestock and irrigation. 
6) Ideal water source for pastoralists and agriculturalists. 

Courtesy of ICRAF. 
  

 

3.2 Satellite images 
The Google Earth computer programme on the Internet is the most useful and affordable tool to 
identify potential sections for subsurface dams in riverbeds. Any landscape on the globe can be 
observed from any height down to a resolution which allows waterholes, trees, roads and houses 
to be analysed while sitting comfortably behind an office desk in any location with connection 
to the Internet. 

 
 
 
 
 
 
 
 
 
 

 
Kima Kimwe Hill 

Iveti Hill 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Twake riverbed 

This Google Earth 
satellite image 
shows 7 potential 
sites for subsurface 
dams in Twake 
riverbed that 
discharges rainwater 
run-off and coarse 
sand from two large 
rocky hills, namely 
Iveti and Kima 
Kimwe near 
Machakos town. 

Satellite image of the upper part of Twake riverbed near Machakos town. 

 
Evaluation  of  the  sites  in  this  area  was  carried  out  by  zooming  in  on  the  above  image. 
(See: Identification of sites using satellite images, in Annex 4 page 31). 
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Site 2 has no trees and Site 3 has many boulders. 

Site 2 has a large sand reservoir but may 
not hold water due to lack of large trees 
and waterholes indicating water. 

 
Site 3 does not hold any water as it is 
drained into the underground by 
boulders. This is confirmed by lack of 
large trees on the riverbanks. 

 
Site 4 has a deep and wide sand reservoir 
with large trees growing in shallow 
groundwater where a well could be sunk 
and a subsurface dam built near pin 4. 

 
Sites 5 and 6 have long and narrow 
reservoirs that may hold water due to the 
growth of trees seen on the riverbanks. 

 

Site 4 is the most promising site as many 
large trees are seen in the sand and banks. 

Site 4 is the best site due the large trees in the wide riverbed. 
 

3.3 Contour maps 

 
Contour map 1:50,000. 

 
This contour map 1:50,000 shows two rocky hills, Mbuinzau and 
Kilema, from where rainwater transports coarse sand t o  the 
riverbeds that originate from the eastern side of the two hills. This 
indicates that riverbeds originating in rocky catchments are the 
most potential for wells, subsurface dams and sand dams. 

 
The catchment below the two hills consists of flat farmland from 
where rainwater transports soil particles into the riverbeds and 
deposits it as fine textured sand, from where less than 5 % of 
water can be extracted. This indicates that riverbeds originating in 
farmland are unsuitable for wells, subsurface dams or sand dams. 

 
The place called ‘Place of Salt’ (Kambi ya Munyu) at the upstream 
end of the Mukononi riverbed makes the water salty all the way to 
Athi River some 15 km downstream. Despite this salinity, several 
sand dams have been built in this riverbed since 1978. However, 
due to salinity these sand dams can only b e  used for livestock.  

 
The coordinates in maps can be used for zooming in on Google 
Earth satellite images for a closer inspection of specific sites. 
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4 Field surveys and office work for a survey report 
 

4.1 The first field survey 
Having identified some potential sections of riverbeds using satellite images where a community 
has requested for technical assistance to construct a hand-dug well and a subsurface dam, a 
survey team will make a field survey visit to the community. 

 
The local Chief should have been briefed on the purpose of the field survey a couple of weeks 
in advance by an SMS message on a mobile phone call so that he/she has sufficient time to 
inform the village elders. Also arrange the travel schedule with the Chief and invite him/her 
to join the interviews where he/she can function as a translator and provide security as well as 
give useful advice on e.g. taking photos and videos (see: Preparations for the first field visit, in 
Annex 5 page 33). 

 
Having arrived in the community’s village, one or two members of the survey team will explain 
the benefits of hand-dug wells and subsurface dams as well as the legal requirements (Annex 6 
page 34) while also obtaining required socio-economic data (Questionnaire in Annex 7 page 35). 

 
Another two survey team members will learn where the community draw their water during long 
dry seasons and of water-indicating vegetation (Annex 3 page 30) and waterholes. Plot these data 
in an enlarged map or satellite image before starting on surveying the most potential section of 
riverbeds together with some community members that should involve the following analysis: 

 
A community meeting where men sit in the shade and women in the sun. 

 

4.2 Height of riverbanks 

 

A covered ‘wandering riverbed’. 

 
Subsurface dams can be built in riverbeds with any height 
of riverbanks, except in ‘wandering riverbeds because 
such riverbeds will drain water out of a subsurface dam. 

 
Riverbeds with low riverbanks are more advantageous 
than high riverbanks because: 

 
a) Water is easier to extract due to low lifting height. 

b) Vegetation for pasture can reach the groundwater. 

c) Water seepage into the riverbanks recharges 

subsurface dams during droughts. 
 

 

Flow of water in riverbanks (Source: Hydrology of Sand Storage Dams by L.Borst & S.A. de Haas) 
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4.3 Widths and depths of sand in riverbeds 
The width of riverbeds for subsurface dams ranges from approximately 15 m to 100 m. The 
depth of sand should be at least 1 m over the dyke to facilitate that the crest, (top), of a subsurface 
dam can be situated 0.4 m below the surface of a riverbed. The type of sand should, preferably, 
be coarse. (See: Examples of suitable and unsuitable sections of riverbeds, in Annex 8 page 36). 

 
4.4 Dowsing 

 
Once the criteria for the riverbanks and their vegetation as well as the 
width of a riverbed have been considered viable, a simple investigation 
using dowsing rods is applied to locate shallow groundwater in a 
potential section of a riverbed. 

 
The dowsing rods are made from a 1 m length of a brass rod for gas 
welding that is cut into two halves and bent for a handle at one end. 
When a dowser walks over an underground water source, the dowsing 
rods cross each other as seen on the photo where a man walks on a 
bridge over a river with running water. (See: Dowsing procedure, in 
Annex 10 page 41). 

 
A Dowser walking over water. 

 
4.5 Locating depressions and dykes 

 
Underground depressions and dykes are found by hammering a 
long iron rod down into the sand. When the rod hits the floor 
under the sand, the surface of the sand is marked on the rod and 
the rod is pulled up. The depth of sand and water is measured on 
the rod and recorded in a Probing Data Sheet (Annex 12 page 
43). Probing is repeated with intervals of 20 m in potential 
sections until the deepest depression is found for sinking a well in 
a nearby riverbank and a downstream dyke for a subsurface dam.  
 
Time spent on probing is saved several times over by gaining 
free storage volume and reduced construction costs (See: 
Probing procedure, in Annex 11 page 42). 

Probing the depth of sand and water. 

 
4.6 Measuring gradients of riverbeds 

 
It is necessary to measure the gradient of a probed 
section of a riverbed in order to be able to draw a 
longitudinal profile and calculate the volume of 
sand and water in a reservoir. (See: Measuring 
gradient and soil sampling, in Annex 13 page 45). 

 
Measuring the gradient of a riverbed. 
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4.7 Extractable volume of water from sand reservoirs 
The extractable volume of water from a known volume of sand is found by filling some 20-
litre jerry-cans with different sand samples and saturate the sand with water. Thereafter the 
volume of water drained from the sand samples in one hour is measured, as for example: 

Sample 1:   6.4 litres of water 
Sample 2:   7.0 litres of water 
Sample 3:   6.6 litres of water 
Sample 4:   4.9 litres of water 
Sample 5:   7.5 litres of water 
Sample 6:   7.6 litres of water 
Average: 6.7 litres of water from 
20 litres of sand = 30% extraction. 

Extractable percentage of water from sand. 

 
4.8 Estimating run-off water from catchments 
Subsurface dams are recharged by floodwater that originates from rainwater run-off in a 
catchment that should, preferably be rocky, to gain high run-off efficiency and coarse sand. It 
may take only one rain shower anywhere in a catchment to recharge a subsurface dam with water. 

 
The size and types of catchments can 
be found on contour maps 1:50,000 
or by Google Earth images which 

can be divided into 1 km2 squares. 

The squares are counted as full 
squares, ¾ squares, ½ squares and ¼ 
squares. Their numbers are added 

together to get the total m2 as shown 
below. 

An upper and a lower catchment divided into 1 km2 squares. 
 

Upper catchment    Lower catchment   

Squares @ 2 Km
2
 = Km

2
 M2 Squares @ 2 Km

2
 = Km

2
 M2 

Full  0  x 1 0.0  Full 11 x 1 11.0  

¾  6 x ¾ 4.5  ¾ 6 x ¾ 4.5  

½  1 x ½ 0.5  ½ 2 x ½ 1.0  

¼  2 x ¼ 0.5  ¼ 7 x ¼ 1.8  

Total   5.5 5,500.000 Total  18.3 18,300,000 
 

 

The mean annual volume of run-off water passing over a subsurface dam in the shown upper 
catchment can be estimated by multiplying the mean annual rainfall, say 1,000 mm, with a run-
off efficiency determined by the surface and gradient of the catchment, say 20%, multiplied with 
the size of the area, 5.500,000 m2, which will amount to following volume of water: 

1,000 mm x 20% x 5,500,000 m2  

= 1,100,000 m3 = 1.1 million m3. 
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A riverbed flooded with rainwater run-off. 

 
4.9 Plan and profiles 

The above calculation shows that only a tiny fraction 
of the rainwater running off a catchment is used for 
recharging subsurface dams and that such recharges 
do not affect water supply to people living 
downstream of subsurface dams. 

 

Plan of the probed section of Nzeeu riverbed. 

 
The probing data is converted into a 
plan and a longitudinal profile of 
the probed section on A3 millimetre 
graph paper. 

 
This plan shows the width of Nzeeu 
riverbed that provides water for 
Kisasi Water Project in Kitui as 
mentioned above. 

 

Longitudinal profile of the probed section of Nzeeu riverbed. 

 
This longitudinal profile of Nzeeu 
riverbed shows that the deepest 
depression suitable for sinking an 
intake well is at probing point 3. 

 
The best dyke for the subsurface 
dams is situated downstream of 
the depression at point 13. 

 

 
 

Cross profile of the depression at point 13. Cross profile at the dyke at point 3. 
(See: Drawing plan and profiles, in Annex 14 page 46) 
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4.10 Storage volumes of sand reservoirs 
The volume of the sand reservoir of the natural subsurface dam in Nzeeu riverbed was found 
using this formula: 

 

 
 

Source: Field engineering for agricultural development by 
N.W. Hudson, 1975. 

 

4.11 Volume of extractable water from sand reservoirs 
Considering that the percentage of extractable water from the sand in Nzeeu riverbed was found 
to be30% using the technique described above in 4.7 on page 10, the volume of extractable water 
from the natural subsurface dam can be calculated as well as for the three other options described 
below.  

 
4.12 Four options for storage of water in riverbeds (Example: Nzeeu riverbed) 

 
 
 
 
 
 
 

 

1) A natural dyke 2) A subsurface dam 3) A weir 4) A sand dam 

2 m below surface. 0.4 m below surface. 0.6 m above surface. 2.0 m above surface. 

 

Options Max. width 
 
m 

Max. depth 
 
m 

Max. length 
 

m 

1/6 Sand 
volume 

m3 

Water 
extraction 
% 

Extractable 
water volume 

m3 

1 66.00 6.0  – 2.0 = 4.00 240.00 1/6 10,560 30 3,168 

2 68.00 6.0  – 0.4 = 5.60 420.00 1/6 26,656 30 7,997 

3 70.00 6.0 + 0.6 = 6.60 440.00 1/6 33,880 30 10,164 

4 72.00 6.0 + 2.0 = 8.00 600.00 1/6 57,600 30 17,280 

 
Only option number 2 was viable for Nzeeu riverbed because option 1 had insufficient yield of 
water while the weir in option 3 and the sand dam in option 4 both require two high riverbanks 
which were not present at the natural dyke in Nzeeu riverbed.  
 
Option 2, a subsurface dam, was therefore selected. 
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4.13 Water demand 
A water demand can be found by filling in the number of people and animals and thereafter 
multiply their numbers with their daily demand and the number of days in a dry season. 

 
Consumer Number 

of 

animals 

X Daily 

demand 

Litres 

X  Number 

of days in 

dry season 

Total 

demand 

Litres 

Total 
demand 

m3 

A rural person  5 180   

A graded cow  50 180   

A local oxen  20 180   

A sheep  5 180   

A goat  3 180   

Total      

Table for calculating the water demand for a family or a community 
 

 
4.14 Options for extracting water from riverbeds 

 
Excavated waterholes 
The water level in the sand reservoir of subsurface 
dams can remain at half a metre depth for several 
months after the rains and flooding have ceased due 
to subsurface flow of water from upstream. 

 
Riverbeds with subsurface flow of water, such as 
Nzeeu at Kisasi, keep the water level at 0.4 m under 
the surface of riverbeds throughout the year. 

 
 

 
 

Livestock being watered from a waterhole. 

In Karamoja the hand-dug wells are not used as it is 
much easier to draw water from shallow waterholes. 

 

 

 

Water pumped from a well in Somaliland. 

 
Shallow wells lined with discharged lorry tires 
In Somaliland, water for domestic use in the 
capital, Hargeisa, and for irrigation of vegetables 
and orchards along dry riverbeds is pumped up 
from waterholes lined with discharged lorry tires. 

 
The top of the tires is situated half a metre below 
the surface of the riverbed. Before nightfall the 
wells are closed with a cut-off end of a corroded oil 
drum tied to the upper tire and covered with sand to 
prevent flood damage in case of rain. 
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Riser-pipe being inserted into the well. 

 

 

An infiltration pipe in a riverbed. 

 

A hole being drilled for an infiltration pipe. 
 

 

The Kisasi intake well. 

Intake in the floor of riverbeds 
This well was made of curved concrete blocks and 
sunk in the floor under the sand upstream of a 
subsurface dam in Talek riverbed at Maasai Mara. 
The top of the well is 1 metre below the surface of 
the floor in the riverbed and covered with sand 
permanently. 

 
Water is drawn from the well by a small electrical- 
powered submersible pump that fits inside the riser- 
pipe from the well to a water tank on the riverbank. 
 

 
Hand-dug well in riverbank 
Water can be drawn by sinking a hand-dug well in 
the riverbanks where the water reservoir is deepest. 

 
Wells should be situated in the inner side of bends in 
riverbeds to get recharge through old sand deposits 
and for protection against floods. Insufficient 
recharge can be improved by an infiltration pipe. 

 

 
 
Jet drilling holes for infiltration pipes 
Infiltration pipes can be inserted in a hole drilled in 
the riverbank by a jet of water from a steel pipe 
connected to the outlet on a water pump by a flexible 
plastic pipe. 
 

 
 
 
 
 

Large intake in riverbank 
A smaller diameter well was sunk inside the 3 m 
wide intake well for the subsurface dam at the Kisasi 
Water Project. The well is connected to 72 m of 
infiltration pipes made of perforating 160 mm plastic 
pipes that were laid deep in the sand of the riverbed. 

 
The water level in the well sinks only about 10 cm 

when 16 m3/hour of water is pumped to provide 
water for the 8,000 people in Kisasi township 
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4.15 Survey Reports 
Survey reports should summarize all relevant data and measurements from the activities 
described briefly above and in detail in the annexes for the purpose of determine whether the 
surveyed project is suitable for implementation. If a survey report shows that a proposed project 
will not be able to produce the expected yield of water it should be abandoned and another venue 
should be pursued. Should the survey report show a good potential, a design report should be 
produced on the basis of the survey report. 

 
Since the contents of a survey report decides whether a proposal will be abandoned or 
implemented, it must be written in a clear and understandable language for both laymen in the 
field and for office staff in a financing organization or the report can be rejected. Therefore avoid 
using jargon and unnecessary technical words as well as long theoretical explanations. Although 
survey reports can be written in many ways, it is recommended to adhere to a simple lay-out that 
allows a reader to evaluate whether a survey report is positive or negative. 

 
A recommended lay-out for a survey report can be summarized as follows: 

 
1) Summary (half a page) 

 
2) Recommendations (half a page) 

 
3) Introduction (area, people, climate, landscape, water constraint and its solutions) 

 
4) Methodology (for obtaining information and data for this report) 

 
5) Preparations for field study (literature, satellite images, maps, contacts, assistants, etc.) 

 
6) Field study (community meetings, potential sections of riverbeds, probing data, riverbed 

gradient, sand sampling, soil sampling, GPS positions, water demand, etc.) 

 
7) Data gathered (plan and profiles of potential riverbeds, volumes of sand and extractable 

water, options for dam walls and extraction points, recharge from catchment, etc.) 

 
8) Constraints (serious only) 

 
9) Conclusions (evaluating options, types of constraints, basis for recommendations) 

 
10) Financial Report in Windows Excel with receipts glued onto A4 papers. 
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5 Design Report 

Design reports should contain adequate design drawings, Bills of Quantities, construction costs, 
a  work schedule and a construction plan in order to obtain the required license from NEMA 
which requires an Environmental Impact Assessment Report (EIA Report), and approvals by one 
or several of the relevant authorities, such as the Water Services Board (WSB), the Ministry of 
Water (MoW) and the Water Resources Management Authority (WRMA). 

5.1 Three types of subsurface dams 
The design of dam walls for subsurface dams is based on the cross profile found by probing 
across the top of the underground dyke situated downstream of a water-holding depression in 
riverbeds. As in the former chapter, the measurements and data of the Kisasi subsurface dam in 
Nzeeu riverbed are used for all three types of subsurface dams and their extraction points. 

 
 

 
 
 
 
 
 
 
 

The adjusted profile of the dyke in Nzeeu riverbed. 

5.2 Subsurface dam built of clayey soil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Design of a subsurface dam built of soil. 

The profile in the Survey 
Report has two different scales; 
one vertical and the other 
horizontal which has been 
adjusted to a more convenient 
scale for drawing the design. 

 
 
 
 

The PLAN shows the invisible outline of the 
dam wall situated under the surface of the 
sand in the riverbed. 

 
Section A–A illustrates the longitudinal 
length of the dam wall that is embedded 0.6 
m into the floor under the dam wall and 0.6 
m into the two riverbanks. 
 
 

The Cross profile B–B shows a cut through 
the dam wall at its deepest point. The crest is 
1.0 m wide and 0.4 m below the surface of 
the riverbed. 

The base is cut 0.2 m into the floor and 
riverbanks. A 1 m wide key is excavated 0.6 
m down into the base to prevent seepage 
under the dam wall. Construction cost is Ksh 
156,400 in July 2013. 

(See: Design and BoQ, in Annex 19 page 52). 
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5.3   Subsurface dam built of concrete or rubble stone masonry 

This subsurface dam has identical 
measurements with the subsurface dam 
described above, except that it is built of 
reinforced concrete in timber shuttering as in 
Karamoja in Uganda and Turkana in Kenya. 

A less expensive shuttering can consist of sand 
bags stacked in 1 m height and filled with 
concrete before more sand bags are added. 

The 1 m wide concrete wall is extended with a 
1 m deep excavation into a dyke and its two 
riverbanks. The crest of all subsurface dams is 

0.4 m below the surface of the riverbed. 

Construction cost for reinforced rubble stone 
masonry is Ksh 771,075 and Ksh 1,868,750 for 
reinforced concrete in July 2013. (See: 
Designs and BoQs in Annexes 19 and 20, on 
pages 52 and 53). 

 
Design of a subsurface dam built of concrete or rubble stone masonry. 

 
5.4   Subsurface dam built of dam-liner sheeting 

This is the design of the subsurface dam to be built of 
a sheet of dam-liner (Geo-membrane). 

All the measurements are identical with the two 
subsurface dams described above. 

 

 
 

The main advantage of this type of construction 
material is that it requires much less working days 
which reduces costs of supervision and management. 

Additional advantage is that the shorter construction 
period minimizes the risk of unexpected floods 
destroying subsurface dams under construction. 
Construction cost is Ksh 188,255 in July 2013. 
(See: Design and BoQ, in Annex 22 page 55). 

 

 
 

Design of a subsurface dam built of dam-liner sheet. 
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5.5 Waterholes 

 

Waterholes are popular for drawing water. 

 
5.6 Hand-dug wells 

 

A hand-dug ‘sinking’ well with a windlass. 

 
Most water-users extract their domestic water 
from unlined waterholes in the reservoirs of 
subsurface dams because the water is found at a 
depth of less than 1 metre. 

 
It is also easy to water livestock directly from 
waterholes as it requires only a bucket and a 
trough. 

 
Waterholes are also used for irrigation by small 
portable petrol pumps as the suction depth is only 
about 1 metre. 

 
 

 
Most development organizations promote hand- 
dug wells as they provide cleaner water until they 
break down due to lack of maintenance. 

 
This hand-dug well with a windlass is situated 
upstream of a subsurface dam at Syongila in Kitui 
and used for domestic water, washing clothes and 
irrigation of a garden surrounding the well. 
 
Livestock is watered at waterholes in the riverbed. 
(See: Design, BQ and cost, in Annex 17 page 50). 

 

 

Cross section of a ‘sinking’ well shaft. 

 
The ‘sinking’ method is the safest and cheapest way of 
sinking a well. Curved concrete blocks are made in the 
riverbed while a circular foundation ring is made in 
the bottom of the well shaft at about 2 m depth. 

 
Blocks are built onto the foundation ring until the shaft 
reaches about 1 m above ground level. Sand/soil is 
then removed from the bottom of the shaft until it 
sinks about 1 m after which more blocks are added to 
the top and so on until water prohibits further sinking. 
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5.7 Large intake 
 
 

 

An intake supplying 16 m3 of water per hour. 

 
This 4 m deep and 2.9 m wide well shaft was sunk 
upstream of a subsurface dam to provide 
sufficient water for some 8,000 people at Kisasi. 

 
A smaller 4 m deep and 1.2 m wide well shaft was 
sunk inside the wide well to provide more depth 
for a vertically submersible pump to be installed. 
(Newer models of submersible pumps can be 
installed horizontally in wide wells).  
72 m of perforated 160 mm plastic piping is 
draining 16 m3/hour of water into the well. 

 
(See: Design, BoQ and cost, in Annex 17 page 51). 

 

 

5.8 Three main groups of communities 
After having studied the designs and construction costs of the 3 types of subsurface dams and 3 
types of intakes presented above, it can be decided which combination of subsurface dam and 
intake is the most ideal for the intended water-users as well as for the financier. 

 
1) For pastoral communities the combination of subsurface dams built of dam-liner from 

where water is drawn from waterholes is ideal because the construction works require 
only manual work for a couple of weeks. Furthermore, the water source cannot be 
vandalised when herders have left the area searching for fodder for their livestock 
because subsurface dams are invisible and therefore untouchable. 

 
2) For individual farmers and small communities the subsurface dams built of clayey soil 

taken from a nearby riverbank is the best option because the construction work costs 
nothing but labour that is abundant during the dry seasons when there is no farm work. 

 
Domestic water should be drawn from hand-dug wells as they supply the cleanest water, 
while water for livestock and irrigation could conveniently be drawn from waterholes. 
However, waterholes for livestock should always be situated downstream of hand-dug 
wells to avoid contamination of the domestic water supply. 

 
3) For large communities, such as Kisasi, the wide diameter intake well combined with a 

subsurface dam built either of soil or dam-liner is recommended i f the water 
reservoir is sufficiently large and, preferably, has underground recharge from the 
upstream part of the riverbed. 
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5.9 Seasonal work plan 
Where a hand-dug well or an intake is part of a subsurface dam, they should be constructed 
before the subsurface dam because the dam will raise the water level and make it difficult as 
well as expensive to sink a well. Wells and intakes should always be sunk when the water level 
is at its lowest, namely towards the end of dry seasons. If this rule is not adhered then wells 
and intakes will be dry towards the end of dry seasons when water is needed most. 

 
Subsurface dams can be constructed on underground dykes a couple of weeks after the last flood 
as water can only stand on dykes for a few days due to being drawn downstream in the sand of 
riverbeds by gravity.  If subsurface dams are not constructed on dykes, then dewatering becomes 
a troublesome and expensive task. 

 
A preliminary work plan must therefore be adapted to the annual weather pattern in the project 
area. In eastern Kenya the annual graph is shown below which can be extended to several years. 

 
Activity Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainy seasons   xx xxxx      xx xxx xxx 

Office work   xx xxxx      xx xxx xxx 

Field surveys xxxx xxxx   xxxx xxxx xxxx xxxx xxxx    

Designs/approvals xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

Sinking wells/intakes  xxx     xxxx xxxx xxxx xx   

Building subsurface dams xx xxxx   xx xxxx xxxx xxxx xxxx x   

 
 

5.10 Environmental considerations 

Although the required Environmental Impact Assessment (EIA) Report will deal with 
environmental considerations some technical advice is presented here. 

 
Hand-dug wells and subsurface dams do not damage the environment, except where they supply 
so much water that people may be tempted to settle there. This may not be wanted by the 
authorities due to lack of health and school facilities as well as long distances to administrative 
centres. Also the demand for firewood and material for building houses and fences may consume 
most of the vegetation, including shrubs and trees. 

 
Where large herds of animals are watered for longer periods than fodder is available it will 
create over-grazing and desertification. It is therefore advisable to construct many small 
subsurface dams instead of a few large ones. The desirable seasonal storage volume of water for 

livestock is stated as from 400 m3 to 2,000 m3 in ‘Groundwater Dams’ by Ake Nilsson. IT. 1988. 

 
Another environmental consideration is that of the types of construction material should 
preferably be locally available and CO2  neutral and non-carbon emitting material, such as soil, 
sand and stones instead of manufactured construction material, such as cement and 
reinforcement steel, being trucked in from far away. 
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5.11 Design drawings 

 
The first part of a design report contains the survey report for a specific project. In order to 
obtain a quick approval of design reports it is recommended to adapt approved standard drawings 
to specific site conditions. The drawings may be hand-drawn or in AutoCad, unless otherwise 
advised. 

 
 

An approved example of the design of a hand-dug well. 

An example of an approved design 
drawing for a hand-dug well with a 
windlass with a detailed site map, 
or a satellite image, and a map 
showing the roads and nearby 
villages. 

The text box should contain: 

1) Title of the specific project. 
2) Supporting organization. 
3) Implementing organization. 
4) Names of  Surveyor,  Designer 
and Draftsman as well as a date. 
The lowest box is for NEMA and 
WRMA to stamp their approval. 

 
 
 
 
 
 

 
This is an approved design 
drawing of subsurface dam built of 
soil. 

 

 
 

The text box was presented 
separately. 

 
 
 
 
 
 
 
 
 

 

An approved design drawing of a subsurface dam built of soil. 
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5.12 Planning construction works 
Engineers trained in carrying out detailed survey of proposed riverbeds, drawing designs of 
various types of hand-dug wells and subsurface dams with bills of quantities and costs, will 
have produced this data in their Survey & Design Report. 

The probing profiles show the most ideal position for a hand-dug well in a riverbank near the 
deepest depression in the riverbed and for a subsurface dam to be built on an underground dyke 
downstream of the hand-dug well. 

The volume of sand and extractable water from the reservoir in the riverbed is also presented in 
the survey report. Sinking of the hand-dug well should be implemented when the water table is 
at its lowest during a dry season and before the construction of the subsurface dam. 

Manual work by the community will be paid by either ‘Food-for-work’,’ Cash-for-work’ or 
lunch allowance amounting to 50% of the labour cost in the area. The other 50% will not be paid 
but recorded as the groups cost-sharing. 

The community must present the following documents to verify their legal status: 

1. A Registration Certificate from the Social Development Department. 

2. By-laws on the use of water and operation of the project. 
3. A Land Agreement on access and land-use between the owner and the community 

 
 

When the permit has been obtained from NEMA, the community will be trained on keeping a 
Muster Roll for recording community labour for making an access road, clearing the construction 
site, excavating the well and assisting the Contractor with the construction works as part of their 
cost-sharing (See: Agreement with a community, in Annex 9 page 40). 

The community shall also be trained in selecting the best type of sand, ballast and water required 
as part of their cost-sharing. The community shall also provide a lockable store and 
accommodation for the Contractor as part of their cost-sharing. 

MoW shall inspect and approve the construction work in the following stages: 

1) Completed excavation of the hand-dug well. 
2) Completed construction of the hand-dug well. 
3) Completed excavation of the key for the subsurface dam. 
4) Completed dam wall of the subsurface dam before back-filling with sand. 

 
Upon completion of the project, MoW shall issue a ‘Completion Certificate’ if the works have 
been completed according to its design. 

When the project has functioned according to the design for 90 days, the community shall issue a 
‘Letter of No Objection’ to the project being handed over to them as their property and the 
Contractor shall be paid his 10% retention fee. 
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5.13 NEMA License 
A NEMA (National Environmental Management Authority) license is required for all types of 
water projects, except private roof catchments, unless an Exemption Letter can be obtained. 
NEMA licenses can only be obtained by contracting a licensed NEMA Consultant to produce an 
Environmental Impact Assess Report (EIA Report) for approval by NEMA. Since the fees for 
EIA Consultants vary considerably, it is recommended to obtain at least three quotations and 
scrutinize them for hidden costs, such as transport, allowances, stationeries, printing of the 
required 14 copies of the EIA report and, most importantly, a written agreement that the 
Consultant will be paid in full when he has obtained NEMA’s approval and license. 

A fee of Ksh 10,000 is payable to NEMA for a license to construct a water project costing less 
than Ksh 10 million. The fee for more expensive projects will be negotiated. 

The NEMA Consultant requires several sets of the Survey & Design Report before he starts his 
field work. 

 

 
 

5.14 WRMA approval 
Through the Ministry of Water (MoW) a Permit from the Water Resource Management 
Authority (WRMA) is required to prevent over-exploitation of the nation’s water sources. An 
annual fee for extraction of water from rivers, boreholes and hand-dug wells is payable to 
WRMA before the final permit can be given and the construction work can be started. The 
annual extraction fee depends on the volume of water to be extracted. 

 
Usually MoW requires 5 sets of the Survey & Design Report in A4 format with the design 
drawings in A2 format. 

MoW must inspect the construction works, and give written approvals for several stages of 
construction works, such as excavations and foundations in order to issue a Completion 
Certificate upon successful completion of the construction work. 

 

 

Taking over/Certificate of completion of a hand-dug well and a subsurface dam in Kitui. 
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6 Construction implementation 
 
6.1 Work schedules for the three groups of water-users 
When the NEMA License and the WRMA approval have been secured it is time to agree with 
the target communities on the most convenient time for them to provide local labour and locally 
available materials for the construction works on wells and subsurface dams. As mentioned 
above, three main groups of communities can benefit from having reliable water supply from 
subsurface dams, namely: 

 
1) Pastoralists in arid and semi-desert regions need water for domestic use and livestock. 

2) Farmers in all regions need water for domestic use, livestock and irrigation. 
3) People living in semi-urban villages and towns need water for domestic use. 

 
The pastoralists, who live semi-permanently in manyattas where the men are herders, have to 
move to far away locations to find water and fodder for their livestock when the pasture is 
exhausted a few weeks after rains. 

 
The short construction period of subsurface dams built of dam-liner should, preferably, take 
place while the men are living in their manyattas. 

 
The normal annual weather pattern and pastoralist’s activities are illustrated in this sketch. 

 

Source: Water for Livestock Baseline Assessment Report – ADESO Nov 2012. 
 

 
A work schedule on subsurface dams for pastoralists in northern Kenya should be as follows: 

 
Activity Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainy seasons    xxxx    xxxx xxxx     

xx 
xx xx 

Field surveys  xxxx xxxx     xxxx xxxx    

Constructing SSDs xxxx xx     xxxx xx     

 

An annual work schedule for pastoralists in northern Kenya. 
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A work schedule on wells and subsurface dams for farmers and semi-urban communities: 

 
Activity Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainy seasons   xx xxxx       

xx 
xxx xxx 

Field surveys  xxxx    xxxx xxxx xxxx xxxx    

Wells & 
intakes 

 xxx     xxxx xxxx xxxx xx   

Construction SSDs  

xx 

xxxx   xx xxxx xxxx xxxx xxxx xx   

 

An annual work schedule for farmers in eastern Kenya. 

 
6.2 Agreement with a community 
Having agreed on the construction schedule with a community, a written agreement (See Annex 
9 page 40) has to be explained and discussed with the community and thereafter signed by the 
committee members. 

 
 

6.3 Agreement with a Contractor 

Once the community agreement is signed, an agreement has to be signed by a qualified 
Contractor (See Annex 23 page 56). 

 
 

6.4 Procurement of tools and building materials 
At least three quotations for each item of tools and building materials should be obtained from 
various suppliers. This is done by photocopying the BQs for the project to be constructed and 
presenting the BQs to hardware shops and suppliers. They are kindly asked if they would like to 
give a quotation for those items on the BQs. If interested, also ask for a quotation for 
transporting the goods to the construction site, inclusive the return trip, and delivery time of the 
goods. 

 
Then clarify the mode of payments. Some suppliers want everything to be paid when the 
goods are ordered while others want to be paid upon delivery of the goods, while others may 
want 50% down-payment or less. Finally, ask for discounts as this is usual practice for 
reducing the quoted prices, but do not be tempted to ask for the discount in cash without it 
being recorded in the invoice, because that is a criminal offence. 

 
The quotations can now be laid side by side so it is easy to identify the cheapest supplier for each 
item. Thereafter the quoted delivery times, payment modes and discounts are compared in order 
to identify the most favourable supplier. The cheapest one is always attractive but he may not be 
able to deliver the goods within the given delivery time. 

 
For some community water projects, the communities are expected to deliver labour and locally 
available materials such as sand, hardcore stones, ballast and water to the construction sites as 
part of their cost-sharing on the construction. 
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6.5 Quality of building materials 
The quality of building materials varies greatly. Therefore it is important to agree on the quality 
before deciding on quotations, otherwise the poorest quality of building material will be 
delivered for the highest price. Suppliers should give written assurances on the following 
quality of material: 

 
Cement 
The supplier must have stored the cement bags in a dry place for less than two weeks and its 
freshness is tested by pressing a finger into some bags without making holes in the bags. If the 
cement feels soft it is still fresh. If the cement is hard, it is too old to be of any good use. Cement 
should only be stored on concrete floors if the bags lay on some timbers or tree branches. Once a 
week the cement bags should be turned upside down to prevent them for hardening. 

 
Sand 
There are several types of sand. Coarse-textured sand from riverbeds is the most suitable for 
concrete, while medium grained sand is the best for cement mortar to lay bricks and plaster walls 
and floors. Sand taken from dirt roads is useless because it contains soil and dust that spoils the 
cement. 

 
Ballast 
Ballast for making concrete consists of granite or gneiss stones that have been crushed into small 
stones of about 2 cm in diameter. Ballast made of softer stones, such as sediment stones or lime 
are too soft for making durable concrete. The size of ballast may be up to 5 cm in diameter if the 
price is reduced accordingly. 

 
Water 
Saline water and water containing soil particles should not be used for concrete or cement mortar 
as it weakens the cement mixtures. 

 
Misuse of cement mortar and concrete 
Ready-mixed cement mortar and concrete have to be used within 1 hour otherwise some 50% of 
the strength of cement will be wasted. Although this advice is issued by the cement 
factories most builders ignore it. They mix a large portion of mortar and concrete to be used for 
the next 4 to 6 hours. When the mortar and concrete becomes hard they break it up and add 
more water, thus reducing the strength of the cement by much more than the 50%. 

 
Another bad habit by builders is that they expose freshly made mortar and concrete to sunshine 
instead of curing it under leafy branches or polythene sheeting for the 4 weeks recommended by 
the cement factories and engineers. 

 
Measuring loads of sand and ballast 
The number of tonnes of delivered sand and ballast cannot be measured easily by a farmer or a 
builder. This tempts some suppliers, if not all of them, to cheat with the weight of delivered 
material. However, the tonnes of material delivered by lorries and tractor trailers can be 
measured using one or both of the following two methods: 
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Measure the length, the width and the depth of sand or ballast in a lorry or a tractor trailer and 
multiply the three figures with each other and the volume in cubic metres is known, for example: 
length    3.0    m    x    width    2.0    m    x    depth    0.5    m   =    a    3    cubic    metres    load. 

 
Knowing that 1 cu.m of dry sand weights about 1.7 tonnes and 1 cu.m. of ballast weights about 
1.6 tonnes, it can be known how many tonnes are delivered by multiplying the known volume 
with the weight of either sand or ballast. For example; 3 cu.m. of sand x 1.7 tonnes = 5.1 tonnes. 

 
Another method is to find how many tonnes of either sand or ballast are delivered by measuring 
how many times it takes to fill a wheelbarrow with a known volume which can be found by 
the number of 1 litre bottles with water it takes to fill the wheelbarrow. When the volume is 
known, it is multiplied by the number of wheelbarrows to get the volume in cubic metres which 
is multiplied with a factor of 1.7 for sand and 1.6 for ballast to find the volume in tonnes of 
materials that has been delivered. 

 

 
6.6 Guidelines for community construction works 
It is important to be well prepared for a construction work implemented by a community group 
because several constraints, such as political interference, jealous neighbours, old feuds, etc. can 
easily occur and make the construction works a nightmare. A condition for a successful work is 
that the Chairperson, the Secretary and the Treasurer as well as their deputies have been elected 
democratically by the community. Another condition is that the committee divides their 
members into 5 teams, each team headed by a Group Foreman. Each team will work on a 
specific weekday and all five teams will work on Saturdays. 

 
Two latrines, one for men and another for women should be built near the construction site to 
avoid wasting working time looking for a bush far away. Late-comers and absentees should be 
fined a small cash fee paid to a fund managed by the Treasurer. The fund may be used for the 
handing-over ceremony or for any other purpose decided by the committee. 

 
Hand tools issued to the group should be the property of the donor until the project has been 
successfully completed. Thereafter the tools should be handed over to the committee as part of 
the handing-over ceremony. 

 
A few women should be allowed to sell food and drinks to the workers on the construction site to 
avoid working time being wasted on looking for breakfast and lunch. Elderly and weak 
community members take care of the babies their parents may bring to the construction site while 
they work.  
 
It is also recommended to have some First-Aid items, such as plasters and bandages, on the 
construction site to cater for accidents that may happen during the construction works. 
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ANNEX 1 

TECHNICAL TERMS 
Seasonal  water  courses  in  sandy  riverbeds  are  also  called  ephemeral  streambeds, dry 

riverbeds, sand rivers, laggas, luggahs, toggas and wadis. 
Dykes are natural-created upward 
bulges in the floor under the sand in 
riverbeds that prevent underground 
flow of water that is found in the 
voids between sand particles from 
seeping downstream. 

 

Dykes are used for the foundation of 
subsurface dams and sand dams to 
gain additional free water storage at 
reduced construction costs. 

Plan and longitudinal profile showing dykes and depressions. 

 
Depressions are the lowest part between two dykes where water is trapped by the downstream 
dyke. The simplest and most used method for extracting water from depressions is manually 
excavated waterholes, which are often the only water source available for people and their 
livestock in arid and semi-desert regions. Suitable sites for waterholes are identified by 
knowing local tree species that can only grow where there is perennial shallow groundwater. 

 
Subsurface dams are structures that raise the height of dykes to 0.4 m below the surface of 
sand in riverbeds, thereby raising the water level in the upstream sand to the height of the dam 
wall from where capillary action cannot expose it to evaporation. Since the dam walls are 
also situated underneath the surface of riverbeds, they cannot be damaged by floodwater, 
erosion or vandalism. 

 
Subsurface dams have been constructed successfully and cheaply of soil taken from nearby 
riverbanks for the last 100 years in Tanzania. Other but more expensive construction materials 
are thick plastic sheets (dam-liners), rubble stone masonry, ferro-cement and reinforced concrete 
in timber shuttering. 
 
Subsurface dams built of clayey soil have three main components: 

 
A 0.2 m deep base i nto the 
floor of solid soil without any 
layers of sand to prevent seepage. 
 
A 0.6 m deep key in the base 
also free of layers of sand.. 
 

 

   Cross section of a subsurface dam built of soil. 

A crest 0.4 m wide below the     
surface of the riverbed. 
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ANNEX 2 
COMPARING CONSTRUCTION COSTS 

OF CONCRETE AND RUBBLE STONE MASONRY 
 

Reinforced concrete in timber shuttering (Ksh) 
Item Quantity  Equivalent Unit price  Total price 

Cement 300 kg 6 bags 800 4,800 

Y 12 iron rods 12 m 1 length 1,000 1,000 

Sand, river 770 kg 6.2 wheelbarrows 100 620 

Ballast, crushed stones 1,135 kg 9.1 wheelbarrows 400 3,640 

Water 158 litres 8 jerry-cans  5 40 
Timber, 15 mm x 2.5 mm 20 metres 2 x 1 m2

 100/m 2,000 

Transport of hardware 2 tonnes 1 Pick-up for 500 km 25/km 12,500 

Builders  6 1 day 800 4,800 

Contractor  1 1 day 1,500 1,500 
Total for 1 m

3 
concrete      30,900 

 

Reinforced rubble stone masonry, no shuttering required (Ksh) 
Item Quantity  Equivalent Unit price  Total price 

Cement 200 kg 4 bags 800 3,200 

Y 12 iron rods 12 m 1 length 1,000 1,000 

Sand, river 700 kg 5.6 wheelbarrows 100 560 

Rubble stones 2,100 kg 17 wheelbarrows 100 1,700 

Water 200 litres 10 jerry-cans  5 50 

Timber, 10 mm x 5.0 mm 10 metres 4 lengths of 2.5 m 100/m 1,000 

Transport of hardware 200 kg 1 motor bike for 25 km 10/km x 4 1,000 

Builders  2 1 day 800 1,600 

Contractor  1 1 day 1,500 1,500 
Ttl 1m

3 
rubble stone masonry      11,610 

 

 
 

Concrete in timber shuttering. Rubble stone masonry. 
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ANNEX 3 
WATER-INDICATING VEGETATION 

 
Some tree species can only survive where their roots can extract water from the underground 
throughout the year. These tree species are known by local inhabitants who excavate waterholes 
in sandy riverbeds next to such trees because there the groundwater level is found at depths of 
less than 20 metres. 

 
Therefore, water-holding sections of riverbeds suitable for hand-dug wells and subsurface dams 
can easily be identified by the presence of waterholes and water-indicating trees and shrubs. The 
table seen below lists some of the most common of the water-indicating vegetation in 
Ukambani of eastern Kenya. 

 
Botanical name Kiswahili Kikamba Depth to water 

Cyperus rotundus  Kiindiu 3 m to 7 m 

Vangueria tomentosa Muiru Kikomoa 5 m to 10 m 

Grewia spp Itiliku Itiliku 7 m to 10 m 

Markhamia lutea Muu Chyoo 8 m to 15 m 

Hyphaene compressa Kikoko Ilala 9 m to 15 m 

Borassus aethiopum Mvumo Kyatha 9 m to 15 m 

Ficus vasta Mombu Mumbu 9 m to 15 m 

Ficus natalensis Muumo Muumo 9 m to 15 m 

Ficus sycomorus Mkuyu Mukuyu 9 m to 15 m 

Kigelia Africana Mvungunya Muatini 9 m to 20 m 

Newtonia hildebranditi Mganga Mukami 9 m to 20 m 

Acacia elatior Mgunga Munina 9 m to 20 m 

 

 
 

Water-indicating trees from left to right: Mukami, Mulela, Mukuyu and Munina. 
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ANNEX 4 
IDENTIFICATION OF SITES USING SATELLITE IMAGES 

 
The Google Earth programme can show amazing images of the landscape anywhere in the world, 
including water-holes in dry riverbeds and water-indicating vegetation growing in riverbanks that 
indicate the presence of shallow groundwater from where water can be extracted. 

 
The Google Earth programme can replace 
most of the tiresome walking up and down 
on the hot sand in dry riverbeds. 

 
Suitable sections of riverbeds can be 
identified using a laptop in the comfort of 
an office or at home. 

 
Besides spending less transport and 
walking, much larger areas can be 
surveyed for a minimum of expensive 
transport and time spent on field work. 

 
 

The Google Earth programme as seen in a laptop. 

 
The Google Earth programme can be downloaded for free from the Internet and installed in a 
laptop by typing in the Internet Search Box: ‘Download free version of Google Earth’. When the 
programme has been installed a viewer can hover a few hundred metres over any place anywhere 
in the whole world as if flying in a helicopter  while the coordinates are shown. 
 
Where the GPS (Global Position System) coordinates are known, such sites can be viewed by 
typing the coordinates in the ‘Search Box’ and clicking on the ‘Search button’ shown below. 

 
Search box and Search button. 

 
 
 
 
 

Should the wanted site not appear on the screen, then  click on the ‘Tools’ icon and thereafter on 
‘Options’ and then on either ’Degrees, Minutes, Seconds’ or ‘Decimals’. 

 
A site can be marked with a yellow pin and a label 

by clicking on the yellow pin icon. 

 
The yellow icon. 
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A yellow pin in a pulsating yellow square will 
appear with a text: ‘Untitled Pin’. 

 
Move the pin to the point to be marked and type the 
name of the site in the Name Box seen in the upper 
left corner. 

Name box and coordinates for the yellow pin. 

 
In this example, the name ‘Kibwezi railway station’ 
has been typed in the ‘Name Box’. After a click on 
the ‘OK’ button, the yellow pin is marked ‘Kibwezi 
railway station’. 

 
Pins can be removed by moving the laptop cursor 
on them and click ‘Delete’. 

The pin has been titled ‘Kibwezi railway station’. 

 
The coordinates of ‘Kibwezi Railway Station’ and 
other data for the site are shown below the Name 
Box. 

 
The coordinates of Kibwezi Railway Station. 

 
Whenever the Google Earth programme is on line 
and the coordinates, or the name, of ‘Kibwezi 
railway station’ is typed in the Search Box, the 
programme will zoom in automatically on the spot 
where the yellow pin was placed. 

 

 

A satellite image of a train at Kibwezi railway station.  
Distances are 
measured by 
clicking on the 
‘ Add Path’ icon, 

then on ‘Measurements’, then on ‘Kilometres’.  Hold right 
hand key down and pull from point to point and the distance 
will appear. Shorter measurements are taken by zooming in 
on an image. 

 

 
The distance is 0.11 km between Site 6 and 5. 

 
Satellite images can be made clearer by clicking on the images and adjusting their ‘Brightness’ 
and ‘Contrast’ in the popped up box. Images can be saved and printed by clicking on the 
laptop’s ‘Edit’ icon followed by a click on ‘Copy image’ and thereafter paste. 
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ANNEX 5 
PREPARATIONS FOR THE FIRST VISIT TO A COMMUNITY 

 
Preparations for the first meeting with a community should involve the following: 

1) Know who contacted the project and get the person’s mobile number. 
2) Learn where the community’s village is situated and plot it, preferably, on a 1:50,000 

contour map and record the coordinates so it can be plotted in on an image. 
3) Locate the village on Google Earth and print a large satellite image of the village and the 

neighbouring riverbeds, roads and homesteads within a radius of about 10 km. 
4) Ensure the community is within the given project area and their priorities are hand-dug 

wells and/or subsurface dams. 
5) Find available dates for a meeting with the community. 

6) Call the Chief or Community Leader on his/her mobile number and arrange for a date 
that is convenient for the community meeting and where the venue will take place. 

7) Use the list of items required for the first field visit to a community as shown below. 

 
Tick Items Accessories 

 A 4WD vehicle with a driver Petrol, spare wheel, puncture and repair kits 

 Contour map in A3 Reading glasses 

 Satellite image in A3 ‘’ ‘’ 

 Laptop Fully charged battery 

 Flip chart stand Flip charts and markers 

 GPS with batteries Spare batteries 

 Digital camera with batteries Spare batteries 

 Drinking water in plastic bottles Empty bottles to be used for soil sampling 

 Biscuits, fruits and lunch boxes Consume when the community is absent 

 Simple women dresses and shoes Non-fancy handbags or jewellery 

 Simple men suits and shoes/boots Non-fancy ties or jewellery 

 Wide-brimmed hats for all  

 First-Aid kit  

 A collapsible three legged ladder Hammer, panga and nails for making the ladder 

 2 mason hammers With handles 

 3 sets probing rods, 2, 3 and 4 m R16 mm smooth iron rods with pointed ends 

 A dozen probing sheets in A4 See sample in Annex 7. 

 Circular hosepipe half-full of water 1 m transparent hosepipe bent in a circle 

 6 pairs of dowsing rods 6 x 1 m of brazing rods for gas welding 

 2 long tape measures 30 m long 

 6 open jerry-cans Measure water extraction percentage from sand 

 2 measuring cans of 1 litre each Measure water extraction percentage from sand 

 2 tins with white oil spray paint Marking of benchmarks 

 A copy of this publication For reference to legal requirements, etc, 
 

8) Leave office as early as possible to complete the survey work before it will be too hot. 
9) Allow the Chief or Community Leader to be the Chairperson but emphasize that the 

survey takes time and it must be completed before making any speeches. 
10) Explain the purpose, expectations and procedure of the survey work in short and clear 

language that must be translated if some do not understand the language being used. 
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ANNEX 6 
LEGAL REQUIREMENTS 

In accordance with the Water Act of 2002, all types of water projects to be constructed, except 
private roof catchments, must be approved by the National Environmental Management 
Authority (NEMA), the Ministry of Water (MoW) and the Water Resources Management 
Authority (WRMA) as well as a Registration Certificate from the Ministry of Social 
Development (MoSD). 

 
1) A Registration Certificate allows a community to seek financial assistance from potential 

donors and it can be obtained by presenting the following documents to MoSD: 
 

a) The Minutes from meetings where a Project Committee consisting of a Chairperson, a 
Secretary and a Treasurer as well as a deputy for each of these persons were elected 
democratically. The Chairperson is usually a village elder experienced in handling 
meetings and solving human conflicts. The Secretary is usually a teacher conversant with 
English and the Treasurer is often a business woman respected for her handling of money 
and bank matters. 

 
b) A Land Agreement by which the land owner declares that the land for the water 

project and access road to it is Public Land accessible for the project members. 

 
c) A By-law that consists of rules and conditions which the members have agreed upon 
for construction and management of their water project. A By-law can be written along 
the following guidelines: 

1. Name of the project and where it is located near a village in a sub-location, 
location, postal address, mobile phone numbers. 

2. Type of water project and its capacity of supplying water. 
3. Number of households to benefit from the water project. 
4. Conditions for becoming a member of the project. 
5. Duties of the members and committee members. 
6. Elections, voting and quorum requirements. 
7. By-laws can be written by hand and stamped by the local Chief. 

 
2) A Survey & Design Report with technical drawings, Bill of Quantity (BoQ) and a sketch 

map of the site as well as the Registration Certificate with copies of their Land 
Agreement and By-laws. 

 
MoW requires 5 sets of a Survey & Design Report in A4 format, with the drawings in A2 
format. When MoW, WRMA and NEMA have given their approvals, one of the copies is 
given to the community as being the permit to construct the water project. 

 
An annual fee for extraction of water from rivers, boreholes and hand-dug wells is payable to 
the WRMA before the construction work can be started. During the construction works, the 
MoW must inspect and give written approvals for several stages of construction works, such as 
excavations, foundations and reinforcements in order to issue a Completion Certificate upon 
successful completion of the construction works. 
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ANNEX 7 
QUESTIONNAIRE FOR COMMUNITY DATA 

 
Location 
Name of the community project: ………………………………………………………….,…. 

Chairperson: Name …………………………………. Mobile number …………………….. 

Treasurer: Name …………………………………. Mobile number ……………………… 

Secretary: Name …………………………………. Mobile number …………………….. 

Registration number with: ………………………………………………………………….. 

Sublocation, Location, District and County: .………………………………………………… 

GPS coordinates:  Village ………………………………. Intake ..…………………………. 

 
Water requirements 
Water for number of water-users: …………Households ………..People ……….……Others 

Water for number of livestock:  ….Camels ……… Cattle  …….Goats/sheep ……….. Others 

Water for acres of irrigation:  ….. Furrow ….. Basin …… Sprinkler ..… Drip …….…Others 

 
Present water sources 
Name and state of waterholes: ………………………………………………………………. 

Name and state of hand-dug wells: .…………………………………………………………. 

Name and state of sand dams: .………………………………………………………………. 

Name and state of earth dams: ……………………………………………………………….. 

Name of state of other water projects: ………………………………………………………. 

 
Proposed new water sources 
………………………………………………………………………………………………….. 

………………………………………………………………………………………………..…… 

……………………………………………………………………………………………….. 

 
Other relevant information 
…………………………………………………………………………………………………. 

…………………………………………………………………………………………………. 

Surveyor ……………………………………. Date …………………. 

Draw sketches here 
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ANNEX 8 
Examples of suitable and unsuitable sections of riverbeds 

 
This is a perfect riverbed for a subsurface dam 
because there is a water-hole near water-indicating 
trees. 

 
 

 
 
 
 

Nzeeu riverbed at Ikanga in Kitui, Kenya. 

 

 

Kalambani riverbed at Mutha in Kitui. 

The high riverbanks prove that the riverbed has not 
been wandering and that a subsurface dam can block 
the underground flow of water in the riverbed 
efficiently. 
 

 
This is another perfect riverbed with stable 
riverbanks and some fenced water-holes that prove 
an existing underground water reservoir created by 
a dyke somewhere downstream. 

 
The water level in the riverbed could be raised by 
building a subsurface dam onto the dyke. 

 
 

 
This riverbed is about 100 m wide and therefore 
only viable for building a subsurface dam of soil 
because soil has the flexibility to adjust to 
underground movements without cracking and 
leaking as reinforced concrete would do. 

 

 

Wide riverbeds are only suitable for subsurface dams built of soil. 

 
Two subsurface dams were built of soil in this 
50 m wide riverbed at Hargeisa in 1950s. The 
dams supplied all water required by the capital 
of Somaliland for 50 years. An exceptional huge 
flood removed all sand and the two dams in the 
riverbed in 2005. 

Hargeisa riverbed at Hargeisa city in Somaliland. 
 

This 150 m wide riverbed in Makueni is suitable 
for building a subsurface dam of soil 
downstream of the waterholes that would raise 
the water level and increase the storage capacity 
of water considerably. 

Rondongwe riverbed at Kitise in Makueni, Kenya. 
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A perfect riverbed for a well with a subsurface dam. 

 

This 50 m wide riverbed has deep sand and 
low riverbanks suitable for a hand-dug well 
in the deepest depression and a subsurface 
dam built onto a dyke downstream of the 
well. 

 

 

A riverbed in the Nuba Mountains of South Sudan. 

 
 

 
This wide riverbed with deep sand mixed 
with rubbles has several water-holes 
whose yield could be increased greatly by 
one or several subsurface dams. 

 

 

   One of many suitable riverbeds in Somaliland. 

 
Water for the residents in Hargeisa City 
in Somaliland is delivered by lorry water 
tankers that pump water from waterholes 
in wide riverbeds. 

 
The Somaliland Development Fund will 
construct several subsurface dams to raise 
the water level in the riverbeds, thereby 
increasing yield and decreasing pumping 
costs for irrigation schemes. 

 

 

The low yield of a hand-dug well sunk in 
the riverbank of this15 m wide riverbed 
c ould be improved by building a 
subsurface dam on the underground dyke 
located downstream of the well. 
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Unsuitable riverbeds for subsurface dams 
 

This 300 m wide Athi River at Kibwezi is 
too wide for any type of dam to be 
constructed except by large-scale 
contractors. 

 
An old plan on constructing a large 
hydro-dam some km upstream of the Athi-
Kitui bridge has not yet materialized. 

 

 
Athi River at Kibwezi is too wide for subsurface dams. 

 

 
 
 
 

This 15 m wide riverbed is viable for 
subsurface dams provided they are not 
constructed in the bends of the riverbed. 

 

 
Kaabong riverbed in Karamoja of Uganda. 

 

 
This small riverbed is not viable for 
subsurface dams because it has a width of 
less than 10 m wide and the depth of sand 
is less than 1 m. 

 
 

 
An unsuitable riverbed at Kotido in Karamoja. 

 

 
Large boulders, although being flooded, 
drain water from sand reservoirs into the 
underground. 

 
This section of the riverbed is therefore 
unsuitable for any type of dam. 

 

 
Boulders drain water into the underground. 
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Fractured sediment rocks drain water out of riverbeds. 

 
Sediment rocks standing almost 
vertically drain water into the 
underground quickly. 

 
 
 
 

 

Fractured granite or gneiss rocks make 
this section of a riverbed unsuitable for 
any type of dam because water will drain 
into the underground through the cracks 
between the rocks. 

 

 
 
 

Fractured granite and gneiss boulders cannot store water. 
 
 

 
Another riverbed unsuitable due to the 
boulders and stone slabs. 

 

 
 
 
 
 

Boulders and stone slabs make this section unsuitable. 
 
 

 
A French-speaking professor explains 
that petrified tree trunks and other types 
of fractured rocks in some riverbeds in 
southern Madagascar make them 
unsuitable for storage of water in the 
sand due to seepage. 

 
 

 
An unsuitable section of a riverbed in Madagascar. 
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ANNEX 9 

AGREEMENT WITH A COMMUNITY 
 

This is an agreement between the …………………….community in …………………. Location 
of …………………. Division in ……................ County, hereafter called The Community, and 
the Implementing Agency ………………………., hereafter called The Donor, who shall assist 
the community with survey, design and construction of a hand-dug well and a subsurface dam 
called the ……………….. Water Project. 

The Donor shall provide free of charge to the community: 

A Survey & Design Report containing: 
1) Survey drawings of the probed section of a riverbed indicating the ideal places for a hand 

dug well and a subsurface dam. 

 
2) Required design drawings of the hand-dug well and subsurface dam, approved by the 

District Water Officer and two Bills of Quantities showing: 
 

3) Two Bills of Quantities: one for the required hardware, tools and materials to be 
delivered by the Donor, and another for the required locally available materials, unskilled 
labour and other services that the community shall supply free of charge as their part of 
cost-sharing on the construction works. 

 
4) Obtain the required NEMA License and approval from MoW and WRMA. 

 
5) Hire and pay a trained Contractor to construct the hand-dug well and subsurface dam 

together with community members. 
 

6) Carry out quality control of the contractor’s work. 

 
The community shall provide the following as part of their cost-sharing: 

 
1) A Land Agreement between the owner of an 1 acre plot for access road and structures    

and the community, b) a Registration Certificate with By-laws and c) two signed 
copies of this Implementation Agreement. 

 
2) 2 skilled builders and 10 labourers on a daily basis during the construction period. 

 
3) Safe storing of tools and hardware as well as free accommodation and food for the 

Contractor. 

 
On this we agree on ………/……./201.. 

 

…………… ………..… ………… ………………….. 

Chair person Secretary Treasurer Donor representative 
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ANNEX 10 
DOWSING PROCEDURE 

While some members of the survey team deal with the community matters, two or three team 
members and some community members carry out a detailed survey of the most promising 
sections of a riverbed as outlined below. 

 
The first activity is to identify the best sections of a riverbed by showing the enlarged satellite 
image to the community and asking them which waterhole supplies them with water for the 
longest period and which species of water-indicating vegetation grow there. This information is 
confirmed by dowsing (finding water) the most promising section. 

 

 
Dowsing rods are made of a 1 metre long brazing rod 
cut in two halves and bent with a 12 cm long handle at 

90o angle at one end of each of the two rods. 
 
 
 
 
A set of dowsing rods made of a brazing rod. 

 
The two dowsing rods are held loosely in the hands and 
pointing downwards while being paralleled and 
swinging freely. 

 
The thumbs must be held away from touching the rods 
by holding them firmly against the other fingers to avoid 
manipulating the rods. The arms must be held tight 
against the sides of the body to ensure steady hands. 
Thumbs must be held away from the rods. 
 

When walking slowly over underground water or 
galvanized iron water pipes the dowsing rods will 
cross over each other. 

 

 
 
 
 
 
 

Dowsing rods held correctly.  
Here is water. Here is no water. 

 
Only the ignorant hold the dowsing rods horizontally and 
keep their thumbs on the rods, and fraudsters will even 
manipulate the rods to swing any way they want. 
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ANNEX 11 
PROBING PROCEDURE 

1) Bring all the survey equipment (Annex 5 page 33) to the best site indicated by dowsing 
and probe the depth of sand and water in the middle of the riverbed. 

 
While hammering the rod down into the sand listen 
carefully to the sound of the hammer which becomes dull 
when the rod hits the floor under the sand. 

 
When having reached the floor under the sand then mark 
the surface level of the sand onto the rod with a marker. 
Pull up the rod and measure the depth of water from the 
surface marked on the probing rod. 

 
Then measure the depth of sand from the surface mark to 
the tip of the rod. Look at the tip of the rod and determine 
whether it hit rock, and the type of soil. Note the depths of 
water and sand as well as the type of floor in the Probing 
Data Sheet (Annex 12 page 43). 

 

 
 
 
 
 
 

Probing depths of water and sand. 

Note whether the sand particles are fine, medium or large. 
Measure the width of sand in the riverbed and note it all 
down in the data sheet together with any specific 
characteristics seen on the riverbanks. Mark the probing 
hole with a tree branch.

 

Repeat this probing procedure with intervals of 20 m going downstream until the underground 
dyke is found, which is where the sand is shallowest. Then probe across the dyke with intervals of 
3 m and fill in the data sheet. Spray a large stone or a tree with white oil paint as a benchmark for 
the dam wall and note the GPS coordinates of the benchmark. This data from the cross section is 
used for designing the dam wall. 

 
Now return to the first 
probing hole and start 
probing upstream with 
intervals of 20 m until the 
upstream dyke is located. 

 

 
 
 
 
 
 

Plan and longitudinal profile of a probed riverbed. 

These downstream and 
upstream data are used for 
drawing a plan and a 
longitudinal profile of a 
probed section. 

The dyke for a subsurface dam is at point 7. The depression for a well is at point 14. 
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ANNEX 12 
PROBING DATA SHEET 

Probing Sheet for a potential section of ...........................riverbed   .../..../201... 

 
1) Start probing downstream from the best waterhole/tree to the downstream dyke 

Probes 
20 m 
inter- 
val 

Width 
of 
sand 
M 

Depth of 
water 
from tip 
m 

Depth of 
sand 
from tip 
M 

Type of 
floor 
under 
sand 

Type of 
sand 

Observations; 
Waterholes, 
trees, rocks, 
etc 

GPS coordinates for 
the first and the last 
probe 

1      Benchmark  

2        

3        

4        

5        

6        

7        

8        

9        

10        

11        

12        

`13        

14        

15        

 

2) Thereafter probe across the dyke at probe number ....... for the dam wall 
Probe with 
3 m interval 

Depth of water 
from the tip 

m 

Depth of sand 
from the tip 

M 

Type of 
floor under 
the sand 

GPS coordinates 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

14     

15     
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3) Then probe upstream from the first probe to the upstream dyke 
Probes 
20 m 
inter- 
val 

Width 
of 
sand 

m 

Depth of 
water 
from tip 

m 

Depth of 
sand 
from tip 

M 

Type of 
floor 
under 
sand 

Type of 
sand in 
water- 
holes 

Observations: 
Waterholes, 
trees, rocks, 
road, etc 

GPS coordinates for 
the last probe 

0      Benchmark  

1        

2        

3        

4        

5        

6        

7        

8        

9        

10        

 

1) Paint a benchmark on a tree or a large stone with white oil paint for the dam wall and another 
benchmark on a tree or a large stone for the hand-dug well. 

2) Measure the gradient of the probed riverbed ........ m over a length of .......... m. 

3) Measure the extraction % of 4 sand samples taken at various depths in waterholes or 
excavated trial pits; 1).......%,   2).......%,  3)....... %,   4)...... % 

4) Measure the clay content of 4 soil samples from nearby riverbanks. Note GPS position and 
place a third benchmark where the soil has the highest clay content. 

5) Draw a sketch for a plan of the riverbed with benchmarks, roads, houses, etc. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Surveyor .......................................... Date …………………… 
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ANNEX 13 
MEASURING THE GRADIENT OF A RIVERBED 

The gradient of a riverbed must be known for drawing the longitudinal profile required for 
calculating the volume of water that can be extracted from a hand-dug well and a subsurface 
dam.  A gradient can be measured using three methods: 

 
1) One of several survey instruments that require a trained person to use it so it is an 

expensive option that small-scale contractors cannot afford. It may be tempting to use 
a GPS or a mobile phone with GPS but they are inaccurate.  

 
2) One person (A) sighs along the 

two water levels in a circular 
transparent hosepipe filled 
halfway with water towards 
another person (B) standing 
exactly 100 m upstream.  

 

The difference in height over the 

100 m distance is measured from                                             

the sighting point  on B’ body to A‘ eye height. 
 

3) Two persons using a 30 m long transparent 
 hosepipe filled with water and tied to two  
sticks of equal heights.  

 
 
        
        

        
LOCATING THE MOST CLAYEY SOIL FOR BUILDING A SUBSURFACE DAM 

 
The most clayey soil suitable for building a subsurface dam is found 
by taking several soil samples from different places near the 
construction site for the dam. Each soil sample is filled into an 
empty water bottle with its bottom cut off. Write on the bottles with 
a marker pen from where each soil sample was taken. 

 
Place the bottles upside down in the sandy riverbed with their caps 
on and saturate the soil samples with water. When the samples are 
fully saturated, then remove the upper ¼ of the soil, unscrew the 
caps and place the bottles in the sand again. Fill the upper ¼ of the 
bottles with water repeatedly and watch the seepage rate. The 
slowest rate is the most clayey soil. 

Soil sampling for clayey soil. 
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ANNEX 14 
DRAWING PLAN AND PROFILES 

This is a draft for the plan and longitudinal profile of a probed riverbed in Karamoja, Uganda. 

 

The Plan is drafted according to the data in the Probing Data Sheet and it shows the probing 
points in the middle of the riverbed starting at the waterhole (WH) in the upper right corner and 
going downstream and thereafter upstream of the WH. The width of the riverbed is also copied 
from the Data Probing Sheet. 

 
The draft shows an existing subsurface dam situated on a small underground dyke with a water 
reservoir upstream. A hand-dug well is proposed to be sunk in the inner side of the curved 
riverbank to avoid floodwater eroding it and to achieve a good recharge through the sandy 
underground where the riverbed flowed long ago. 

 
The longitudinal profile was drawn beginning with  the gradient of the probed section of the 
riverbed which a length of 200 m with an elevation of 1.0 m. using two scales, namely; the height of 
one square is equal to 1 metre (1:1) and the length of one square equal to 10 metres (1:10). . 

 
The measurements of the depths of sand and water noted in the Probing Data Sheet  measured 
downwards from the drawn gradient line which is the surface of the riverbed. While the line 
marking the floor under the sand appears to be correct in the above sketch, the line showing the 
water level is not correct because water levels must always be horizontal. 

 
The cross profile of the dyke where the subsurface dam 
was built is shown in the sketch on the left. 

 
 
 
     The cross profile of the dyke. 
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ANNEX 15 
VOLUMES OF EXTRACTABLE WATER FROM SAND RESERVOIRS 

While nearly all types of sand can be saturated with about 40% of water, the percentage of water 
that can extracted from sand varies from less than 5% in fine-textured sand and up to 35% in 
coarse textured sand due to its large voids between the sand particles. 

 

Soil mixed with fine-textured sand from                A muddy waterhole with a low extraction  
where less than 5% water can be extracted.           due to a high clay content.  

 

 

 

A sandy water-hole mixed with animal dung  About 10% of water might be extracted 
from where 10% water may be extractable from sand created by erosion of dirt roads. 

 

 

 

Medium textured sand from where about Coarse textured sand with pebbles can give 
20% of water can be extracted. close to 35% extraction percentage. 
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Table with the extraction percentages of water from various types of sand 

 
 Silt Fine textured sand Medium textured sand Coarse textured sand 

Grain size 
mm 

<0.5 0.5 to 1.0 1.0 to 1.5 1.5 to 5.0 

Saturation 
Porosity 

 
38% 

 
40% 

 
41% 

 
45% 

Water 
extraction 

 
5% 

 
19% 

 
25% 

 
35% 

Source: Water from Dry Riverbeds by the Author. 

 
The porosity and extractable percentage of sand are found as follows: 

 
Fill several 20 litre jerry-cans with the top cut off with dry 
sand samples taken from various depths in the riverbed 
being surveyed. 

 
Measure the volume of water it takes to saturate the sand in 
the jerry-cans with water until no air bubbles rise from the 
surface of the sand when covered with 2 mm of water. The 
volume of water used for saturation is equal to the volume 
of the voids between the sand particles. 

 
Thereafter drill a small hole in the corner between the wall 
and bottom of each jerry-can and measure the volume of 
water that drains out from the saturated sand in 60 minutes. 
 

20 litres of sand being saturated with water. 

 
The percentage of extractable water is found using this example: 

 
1) It took 8 litres of water to saturate 20 litres of dry sand, therefore the saturation (porosity) 

is found by: 8 litres /20 litres x 100 = 40%. 
 

2) 5 litres of water was drained out of the sand in 60 minutes, therefore the extractable 
percentage of water from the sand sample is: 5 litres/20 litres x 100 = 25%. 

 
Knowing that the natural depression in Nzeeu riverbed described in Annex 16 has a volume of 

8,588 m3 of sand and that 25% of water can be extracted from that sand reservoir, the volume of 
water that can be drawn from a hand-dug well in the riverbank will be: 

 

25% extractable water from 8,588 m3 sand = 8,588m3/ 25 x 100 = 2,147 m3 of water. 

. 
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ANNEX 16 
ENLARGING NATURAL SAND/WATER RESERVOIRS 

 
The Probing Data Sheet and the longitudinal profile for the probed section of the Nzeeu riverbed 
shows that the sand has a depth of 2.0 m at probing point 13 as shown below. 

 
 

The highest point of the dyke at point 13 has a 2.0 m height of sand above it. 

 
Considering that the crest (top) of the dam wall must be a minimum of 0.4 m below the surface 
of the riverbed to create a safe overflow of surplus water in the sand, the conclusion is that the 
dyke can be raised 1.5 m (with a safety margin of 0.1 m) by a subsurface dam. 

 
A 1.5 m high subsurface dam will raise the water level to a corresponding height of 1.5 m, 
thereby increasing the length and depth of the reservoir as shown in the profile as ‘New WL’. 
The formula used for calculating the volume of the natural reservoir is adapted for the proposed 
subsurface dam as shown below. 

 
Max. width 66 m x Max. depth (3.25 m + 1.5 m) x Max. throw-back (240 m + 220 m) / 6 = 
24,035 m3 of sand. This is the same as: 66 m x 4.75 m x 460 m / 6 = 24,035 m3 

 

The volume of extractable water is found using the 25% (Annex 15) as above, namely: 
 

24,035 m3 sand / 25 x 100 = 6,009 m3 of water, which was sufficient to cover the demand. 

 
When the yield of extractable water was found to cover the estimated demand, the design 

drawings with their related bills of quantities and construction costs were drawn and calculated 
for the required hand-dug well or wide river-intake as well as the subsurface dam. 

 
Since subsurface dams can be constructed by four types of materials: soil, rubble stone  
masonry, concrete or dam liner, the 4 options are described in the following pages for the 
purpose of comparing the construction costs. 
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Specifications Quantity Work days  Unit cost, Ksh Total cost, Ksh 

Contractor 1 contractor  4 2,000 8,000 

Excavation 2 labourers  6 400 4,800 

Blocks and foundation for shaft 2 artisans 10 800 16,000 

Cement, 50 kg bags 35 bags   900 31,500 

G.I. wire, 4 mm for shaft 20 kg   300 6,000 

Single insulated wire for infiltration 2 rolls   1,200 2,400 

Iron bar R 12 mm for steps in shaft 12 m   300 3,600 

Weld mesh, 2.4 x 1.2 m for apron 1 sheet   1,000 1,000 

Windlass with two handles for lift 1 unit   10,000 10,000 

Transport of material 2 pick-ups   4,000 8,000 

Total     91,300 

15% contingencies     13,695 

Grand total     104,995 

 

ANNEX 17 
DESIGN AND BQ FOR A HAND-DUG WELL 

                  

 
 
 
 
 
 
 

   
     

 
 
 

                   

 

 

 

          

 

 

 

 

 

Steel tool for cutting groove in soil. 

Plan of well shaft. 

Section of well shaft. 

Groove being cut in soil for foundation ring 

Steel moulds for making concrete blocks. 

Dimensions of block mould 
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ANNEX 18 

DESIGN AND BQ OF A WIDE RIVER-INTAKE 
 

The river-intake is built of curved concrete blocks 
mortared onto a reinforced concrete ring similar to the 
hand-dug well described in Annex 17, except this 
foundation ring has a diameter of 3 m. 

 

 
 
 
 
 
 

 
Plan of the two well shafts. 

 

 

Profile of the river-intake. 

The single insulated electric wire is cut into 0.6 m 
lengths and bent as a U that are laid in the mortar with 
the two ends of the U-wires pointing to the outside of the 
courses of blocks in the first 2 m of the well shaft. When 
the shaft is sunk to its final depth, the wires are pulled 
out to create infiltration holes. 

 

 
The inner and smaller well shaft was sunk inside the large 
well shaft to increase recharge. 

 

Since the intake had to be able to supply 20 m3/hour, 
72 m of infiltration pipe made by perforating 160 mm PVC 
pipes were laid deep in the sand of the riverbed and 
connected to the intake. 

 

Bill of Quantity and cost of a 3 m wide river-intake 
Description Unit Quantity Unit cost Ksh Total cost Ksh 

Labour cost  
1 

 
20 days 

 
1,200/day 

 
24,000 Contractor 

Artisans 2 2 x 20 days 800/day 32,000 

56,000 

Materials  
50 kg bags 

 
10 

 
600 

 
6,000 Cement 

River sand Tonnes 3 200 600 
Crushed stones Tonnes 3 600 1,800 
Curved well blocks Blocks 700 50 35,000 
Galvanised wire, 4mm Kg 50 150 7,500 
Iron bar, Y8 20 m length 10 500 5,000 
Single insulated electrical wires Rolls 4 1,000 4,000 
Perforated PVC pipes, 160 mm m length 12 3,000 36,000 

Cost of materials 95,900 

Transport of materials 3 tonnes 2 loads 4,000     8,000 

8,000 

Total cost    159,900 

15% contingencies    23,985 

Grand total    183,885 
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ANNEX 19 
DESIGN AND BQ FOR A SUBSURFACE DAM BUILT OF SOIL 

 

 
SECTION A -A 

 

SECTION B - B 

 
BoQ and cost for a 24 m x 2.1 m subsurface dam built of soil 
Specification Quantity Work days Unit cost, Ksh Total cost, Ksh 

Survey of riverbed  2 days x 3 2,000 12,000 

Transport for survey 2 days  5,000 10,000 

Design and BQ  2 days x 1 2,000 4,000 

Approvals & meetings  2 days x 1 2,000 4,000 

EIA report & NEMA license  Consultant fee 50,000 
++ 

50,000 

Excavation/back-fill of sand 350 m3
 70 days / 10 

pp persons 
400 28,000 

Soil from nearby riverbank 70 m3
 70 days / 10 

per p 
400 28,000 

Total    136,000 

15% contingencies    20,400 

Grand total    156,400 
 

Conclusions:   This is the cheapest option for farmers who can do the manual work themselves 
thereby saving Ksh 56,000 on the labour cost shown in the table above. 
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ANNEX 20 
DESIGN AND BQ FOR A SUBSURFACE DAM 

BUILT OF REINFORCED RUBBLE STONE MASONRY 
 
 

 
 

 

BQ and costs for a 24 m x 2.1 m subsurface dam built of rubble stone masonry 

 
Specification Quantity Work days Unit cost, Ksh Total cost, Ksh 

Survey of riverbed  2 days x 3 2,000 12,000 

Transport for survey 2 days  5,000 10,000 

Design and BQ  2 days x 1 2,000 4,000 

Approvals & meetings  2 days x 1 2,000 4,000 

EIA report & NEMA license  Consultant fee 50,000 50,000 

Excavation/back-fill of sand 250 m3
 25 days / 10 400 10,000 

Labour on rubble stone masonry 50 m3
 50 days x 5 3,100 / m3

 155,000 

Material for rubble stone masonry 50 m3
  8,510 / m3

 425,500 

Total    670,500 

15% contingencies    100,575 

Grand total    771,075 

Cost references: Annex 2 on page 29. 

 

Conclusions: Only reinforced concrete is more expensive than rubble stone masonry 



Cost references: Annex 2 on page 29. 

Conclusions: Reinforced concrete is the most expensive option. 
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ANNEX 21 
DESIGN AND BQ FOR A SUBSURFACE DAM 

BUILT OF REINFORCED CONCRETE 

 

 
 

BQ and cost for the example of a subsurface dam built of reinforced concrete 
Specification Quantity Work days Unit cost, Ksh Total cost, Ksh 

Survey of riverbed  2 days x 3 2,000 12,000 

Transport for survey 2 days  5,000 10,000 

Design and BQ  2 days x 1 2,000 4,000 

Approvals & meetings  2 days x 1 2,000 4,000 

EIA report & NEMA license  Contract fee 40,000 40,000 

Excavation/back-fill of sand 250 m3
 25 days / 10 400 10,000 

Labour on reinforced concrete 50 m3
 50 days x 7 6,300 / m3

 315,000 

Material for reinforced concrete 50 m3
  24,400 / m3

 1,220,000 

Total    1,615,000 

15% contingencies    242,250 

Grand total    1,857,250 
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ANNEX 22 
DESIGN AND BQ FOR A SUBSURFACE DAM 

BUILT OF DAM-LINER SHEETING 

 

 
 

 
BoQ and cost for the example of a subsurface dam built of dam-liner sheet 
Specification Quantity Work days Unit cost, Ksh Total cost, Ksh 

Survey of riverbed  2 days x 3 2,000 12,000 

Transport for survey 2 days  5,000 10,000 

Design and BQ  2 days x 1 2,000 4,000 

Approvals & meetings  2 days x 1 2,000 4,000 

EIA report & NEMA license  Contract fee  50,000 

Excavation/back-fill of sand 100 m3
 20 days / 7 400 8,000 

Excavation and back-fill of sand 5 m3
 5 days / 7 400 2,000 

Dam-liner sheeting 129 m2
  600 77,400 

Total    167,400 
 15% contingencies    25,110 
 Grand total    192,510 

 

Conclusion: The second cheapest option due to less labour and short construction time. 
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ANNEX 23 
CONTRACT WITH A CONTRACTOR 

 
The Contractor, Mr/s ………………………….. ID ……………….. PIN number ………………. 

Mobile ………………shall carry out the following work for ………………………… Water Project: 
 

1) Organize and keep a  daily record of tools, equipment and hardware materials in the store that 
is provided free of charge by the community as part of their cost-sharing. 

 
2) Guide community members to excavate the hand-dug well to 2 m below the water table in a dry 

season as part of their cost-sharing. 
 

3) Train community members in making the foundation ring and the required number of curved 
concrete blocks. 

 
4) Sink the well to its maximum depth and build the well-head according to design. 

 
5) After completion of sinking the well, or shortly before, advise community members to remove all 

sand overlaying the dyke for the subsurface dam and excavate for the base and key. 

 
6) For subsurface dams built of soil, peg out plots of 1 cubic metre each in the selected area with the 

most clayey soil and advise the community to excavate the plots and transport the soil to the 
construction site of the subsurface dam. 

 
7) When the excavation of the base and key has been completed and approved by MoW and the 

Donor in writing, advise the labourers on how to build the dam wall in 0.2 m layers of 
compacted clayey soil until a height of 0.4 m below the surface of the sand in the riverbed. 

 
8) The MoW and Donor must approve the dam wall before back-filling sand on the dam wall. 

 
Conditions 
The Contractor is not an employee of the Donor. Therefore no other benefits or compensation than the fee 
stated below will be provided. The Contractor is responsible for paying his/her taxes, telephone, medical 
expenses and all other costs that he/she may incur in connection with this contract. 

 
This contract can be cancelled by means of 14 days written notice by either the Contractor or the Donor 
without any claims for uncompleted assignment. 

 
The Donor shall pay the Contractor for the services listed above as follows: 
A total of Ksh …………. as follows: 10% upon signing this contract and 70% when the well and the 
subsurface dams have been completed and approved by MoW and the Donor. The remaining 20% is 
retention fee that will be paid when the well and subsurface dam have functioned well for 3 months and 
the committee has signed a Letter of No Objection on taking over responsibility for the well and 
subsurface dam. Monthly payments exceeding Ksh …….. shall be deducted by …% withholding tax. 

 

On this we agree …./..../20…  

................................... 
The Contractor 

..................................... 
The Committee 

.................................. 
The Donor 
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ANNEX 24 
Information on subsurface dams 

 
Technical Briefs in www.waterforaridland.com 

Subsurface dams: 
• Brochure on Subsurface dams 
• Building Subsurface dams of soil 
• Hargesya Subsurface dam. S.R. Chetnyual Archer. 1954. 
• High tech subsurface dams 
• How to construct subsurface dams 
• Survey report for subsurface dams 
• Technical note on subsurface dams 

Miti articles: 
• Legal requirements for new water projects 
• A Success Story 
• Tapping into seasonal water flows 
• Water below the sand 
• Sand dams or silt traps 
• Storing water in sand 
• There is water in drylands 
• Water from dry riverbeds 

 

Other articles: 
• The people of Karamoja will soon get water. Ugandan article in the Internet. 2010. 
• How to build subsurface dams of soil. 2006. 
• Kisasi Water Project. 2011. 
• The history of subsurface dams in Africa. 2011. 
• There is plenty of water in ‘dry riverbeds’. 2011. 
• Irrigation water from subsurface dams. 2011. 

 

 
 

 
Hodder and Stoughton, UK, 1982. ITDG, UK, 1999. 
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Sida Kenya, 2000. Danida Kenya, 2006. Danida Kenya, 2006. 

www.waterforaridland.com www.waterforaridland.com www.waterforaridland.com 

 

 
 

Danida Kenya, 2007. Danida Kenya, 2006. Pirate copy of manual 

www.waterforaridland.com www.waterforaridland.com without survey sections. 

 


