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Rainwater Harvesting for Emergency Water Supply
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Introduction

Harvesting rainwater as sole or as alternative source of water supply both for domestic and
agricultural use has been going on for thousands of years all over the world. People have been
collecting and using rainwater from the top of their roofs, from plant leaves, or from surface runoff in
the form of ponds and dams.
With the current changes in global weather patterns, at times there is persistent drought and profuse
rains and floods, on the other extreme, resulting in acute water shortages for domestic, livestock and
agricultural purposes in one hand and soil degradation due to erosion on the other hand. The need to
harness rain water for domestic use and agricultural purposes continues to be very important now as it
used to be before the development of ground water exploitation.
The purpose of this guideline is to collate and document existing knowledge, information and
practical experience on rainwater harvesting, in order to have it readily accessible/available to be used
as reference material for Oxfam’s humanitarian, disaster risk reduction and sustainable livelihood
programmes.
To this end various existing literatures on rainwater harvesting are referred to, and different practical
field experiences from Oxfam and other Agencies Programmes are collected, to get the full
understanding of the system. This all is geared at looking in to the requirements to make such a source
a feasible alternative water supply source in an emergency and chronic drought situations
2

What is rainwater harvesting?

Rainwater harvesting is the principle of collecting and using precipitation (rain water) from a
catchment surface.
Rainwater harvesting does not constitute a new technology. It has been in use for thousands of years
and still proves to be an efficient technique for harnessing water. If appropriately developed, it can be
used for a number of applications including:








3

Domestic use
Use at schools, clinics and other public institutions
Forestry
Agriculture
Animal care
Erosion control
Flood control
Aquifer replenishment, etc
Reasons for Rainwater Harvesting as an alternative water supply source

Supply of water for human and animal consumption purposes as well as for agricultural purposes has
always been difficult and continues to be difficult in most developing countries. With the current
climatic change, where persistent drought proceeded with devastating floods has become the usual
trend, the problem of soil and water conservation is proving to be enormous. This being the situation
in general, systematic exploitation of rain water is something that has never been tackled well,
rainwater is potentially good water that need to be harnessed to provide an alternative or additional
water source for domestic as well agricultural use.

In areas where there is reasonably good rainfall, Rainwater harvesting can be cost effective, easy to
involve the beneficiary community in the setting up of the system as well as maintaining it. In general
RWH does constitute simple and appropriate technology that does not require lots of technical input.
The main limitation of RWH is, the system’s dependence on the rainfall pattern of any particular area,
and therefore, it is not always possible to depend solely on RWH for drinking water supply systems.
Mostly it is used as additional water supply source. On the other hand, for agricultural, and animal
drinking water purposes, it is highly important and is considerably used.
RWH has been used in few Oxfam humanitarian programmes in different parts of the world, mainly
as additional water source such as for schools, clinics, and for the purpose of availing drinking water
for animals and for agricultural purposes.
This document will make use of some of these experiences to further develop RWH as an alternative
water supply option in emergency programmes when ever it is possible.
Reasons to have rainwater harvesting as an alternative/additional water source are:





Rainwater harvesting as a source of water supply is a system that can be addressed through
community-based approaches in which ownership and sustainability of the system can easily
be attained.
Provided it is efficiently collected with the right technique, rainwater needs less work in terms
of treatment to make it clean and potable.
Current technological development in the use of tiles and corrugated iron sheet for roofing,
fibreglass tanks for storage makes it an easy system to adopt.
The shortage of water from other conventional sources such as wells, boreholes, springs rivers
due to source depletion or drought makes it very necessary to resort to harvesting rainwater
however intense or small the rainfall intensity is.

Benefits of
-Reduction of water collection burden especially for women and children who are usually the ones
who bear the burden of collecting water for domestic consumption.
-Improved health due to better quality water
-Availability of water for dry period from excesses during the wet season
4
Main Factors that affect Rainwater Harvesting
Important factors affecting the effectiveness of rainwater harvesting are:
Meterological factors, Knowledge of sustainable technology and skills, Access to suitable
construction materials, and Geology / Soil.
4.1
Meteorological factors
Climatic conditions vary widely throughout the world. The type of rainfall pattern, as well as the total
rainfall, which prevails with in the geographical area of interest will often determine the feasibility of
a RWHS. A climate where there is regular rainfall throughout the year will mean that the storage
requirement is low and hence the system cost will be correspondingly low and vice versa. On the
other hand in areas where there is clear distinction between rainy season and dry season, then
depending on the rainfall intensity of the wet season, bigger storage capacity might be needed.
Always enough thought should be given when designing storage for RWH.
More detailed rainfall data is required from the “rain gauging stations” to ascertain the rainfall pattern.
The more detailed the data available, the more accurately the system parameters can be defined.

4.2
Skilled personnel capacity
Efficiency of rainwater harvesting system depends on the capacity and knowledge existing with in the
community. In areas where there is the capacity and knowledge, constructed house are commonly
provided with guttering and down pipes, for rainwater collection for domestic use or to provide proper
drainage for roof water during raining season. In such places where there is capacity introducing
water harvesting mechanisms for domestic water use will be an easy task.
4.3
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Construction materials availability
Access to suitable construction material does affect the success of implementing Rainwater
Harvesting.
 Corrugated steel sheets, tiles, concrete, fabric and plastic sheets all provide surfaces suitable
for rainwater collection.
 A thatched roof can discolour water and give it an unpleasant taste.
 At family level, plastic sheeting can be shaped and arranged to collect useful amounts of
rainwater for drinking during the wet season.
 Storage Tanks are available in a range of materials and sizes, new and used, large and small,
to accommodate your system design and budget.
 For large installations, many options exist for manufactured and site-built systems such as:
reinforced concrete tanks, fibrocement tanks, stone-masonry tanks, fibreglass tanks, plastic
line tanks, polyethylene tanks, galvanised steel tanks, etc.
 For Emergency purposes, Oxfam Tanks (T10, T11, T45, T70 or T95) can be used depending
on the collection and storage capacity needed.
Types of Rainwater Harvesting
In practice rainwater harvesting is addressed in two main categories, namely as
(i)
(ii)

Domestic Rainwater Harvesting and
Rainwater Harvesting for Agricultural and Livestock
Purposes (ARWH)

5.1
Domestic Rainwater Harvesting
DRWH is water harvesting at household level for domestic purposes. It can be simple low technology
water collection from traditional roof catchments such as thatched roof collected with any available
water containers to properly constructed roof catchment with gutters down pipes and water collection
tanks.
5.2

Components of Domestic Rainwater Harvesting (DRWH)
The main components for rainwater harvesting are:
(i)
the catchment system
(ii)
the conveyance system
(iii)
the storage system
(iv)
water treatment / filtration system
(v)
distribution system

_________________________________________________________________________________
Components of Domestic Roof water catchment adopted from DTU http;//www.eng.warwick.ac.uk/DTU/rwh/
Roof catchment
Sand filter

Rainwater harvesting
constructed at a school in
Wolayita during Oxfam GB’s
drought response in 2002??
The system is provided with
simple sand filtration system
using small plastic tank into
which the water from the
gutter is passed through
before it is collected at the
circular masonry tank. The
possibility of periodical
cleaning of the sand filter after
every rainy season is
considered in the design.

Overflow pipe

Masonry Circular Tank

To distribution
Oxfam GB Wolayita, Ethiopia: roof rainwater harvesting at school

5.2.1

Photo: NegaBL

Catchment system

The catchment system in DRWH is the surface area on which the rain falls, it could be the roof or any
surface such as concrete, plastic sheeting or even clothing material suitable for receiving rainfall drops
and is made available for collection.
Most common Domestic Rain Water Harvesting uses the roof on top of buildings and purposely-built
concrete ground surface as the catchment area. In certain areas such as the Indian continent simple
improvising of water collection catchment surfaces such as from closing materials and plastic sheets
are employed. There are different types of roofing materials, such as corrugated iron sheets,
corrugated plastic sheets, tiles, and thatched roofs from grass or palm tree leaves. In the case of
thatched roofs, the quality of the water and tightness of the roofing can be an issue.

The use of paint on the roofing should be considered carefully, and only non-toxic paints should be
used. Lead based paints should not be used at all. If at all possible unpainted and uncoated surface
areas are more encouraged.
The use of timber –product roofing and bamboo can be allowed but, with out the use of any pesticide
treatment to prevent rotting. Similarly bamboo trees can be used for guttering and drainpipes but with
out preservation treatment.
For the case of surface water harvesting, the catchment system consists of an area having the same
water shed, allowing all the rainwater falling from the sky to flow in to the same runoff system.
i) Ground catchments
Surface runoff from rainfall in the ground can be collected and diverted into a storage tank. Ground
catchments to collect rainfall runoff are either small areas for use by families and institutions or
extensive catchments in which water is channelled into large surface or ground tanks. Small ground
catchments are purpose built flat areas of ground cleared of vegetation. The ground is smoothed and
compacted before covering with impermeable materials (such as stone or concrete). Plastic sheeting
may be used in the short term. This type of catchment can be expensive and is clearly open to
pollution. Major ground catchments are drainage basins, which naturally exist between watershed,
and the runoff water is drained into dams ground ponds etc. Amount of water collected from such
catchment is dependent on the size of the area, the intensity of the precipitation, the permeability of
the soil formation, the amount of absorption and the rate of evaporation in the area.
ii) Roof catchments
Roof runoff from buildings is usually of a higher quality than surface runoff and can often be used
without treatment. To collect rainwater from roof catchment, gutters, down-pipes and ground storage
tanks are required. It is possible to provide mechanism to flush out the water from the first flush rain
to reduce the pollution of the stored water by dust, leaves and bird droppings washed from the roof
top into the reservoir. The rate at which water falls on a roof is a function of the rainfall intensity and
the plan area of roof.
Surface tanks or underground tanks can be used for storage depending on the local situation but, if the
topography of the area if flat, excavation and levelling will be necessary to make sure that the storage
tank is located on a grade lower than the roof washer and ensure that it can fill completely. If not,
ground tanks will be recommended.
iii) Roof type and catchment
The shape of any given catchment area has a considerable influence on the catchment possibilities.
Therefore different types of roofs provide different catchment possibilities. The single pitch roof is the
most appropriate for rainwater harvesting, since the entire roof area can be drained into a single gutter
on the lower side and one or two down pipes can be provided depending on the area.
A more difficult roof for rainwater catchment is the tent roof. It requires a gutter on each side and at
least two down pipes on opposite corners. If a tent roof is large enough, it could be drained into four
tanks located at each corner of the house.
It is always difficult to provide the proper guttering angle to capture the water during heavy
downpours, and it is important that the water during heavy downpour be captured for effective
rainwater harvesting system. When providing a gutter, 90o angle should be avoided. The hip roof is
not very efficient either, since it also needs gutters all around the building.
The most useful roofs are the single and double pitch roofs. The double pitch roof offers many
advantages. The gutter of the length of one side can be drained into a reservoir on the other side of the
building by fixing the down pipe at the gable wall and sloping it towards the cistern.

5.2.2
Conveyance (delivery) system:
Conveyance (delivery) system as the name indicates is the part of the water harvesting system that
conveys / transmits the water from the catchment area (the roof) to where the water is to be collected
and stored.
The conveyance system consists of:
Guttering – the channel at the edge of rooftop that receives water from the roof and channels
it down through the down pipe.
- Down pipe – the pipe that carries rainwater from the roof gutter to the ground or to collection
vessel
The Guttering can be made of
- Iron sheet
- Plastic materials such as uPVC
- Locally available materials such as bamboo trees and wooden material
-

Gutters

Different types of guttering : adopted from Intermidate technology development group
5.2.3

Storage system

There are three different categories of storage systems for rain water harvesting
(i)

Above ground tanks : this can be made from ,
o plastic,
o wood,
o metal,
o fibreglass,
o bricks or masonry,
o ferro-cement and
o concrete

(ii)

Underground tanks: is usually made of

o
o
o

Concrete
Brick or masonry
Ferro-cement tanks

The tank structure should be designed in such a way that the walls are capable of standing
/resisting soil and water pressure from outside the walls when the tank is empty
5.2.4

Water treatment / filtration system

5.2.5
Distribution system
The use or distribution of water harvested from domestic roof catchment is usually the trickiest part
that requires good planning before the storage tank sitting is decided. If the storage tank is above
ground, then it is possible to have a tap stand for distribution at lower level. If it is for one family use
then possible to have a collection box and a tap at the bottom of the tank. If the storage tank is totally
or partially underground, then the only option is to have a distribution tap stand at lower level provide
the topography of the area allows it. It is also possible to install hand pump or bucket and pulley
system on top of the storage tank for lifting the water.
5.3 How much water can be collected
The efficiency of the collection system can change depending on design while the question regarding
precipitation reliability depends on where the rainwater harvesting system is located.
Main factors that influence the amount of water to be collected are:
 Rainfall intensity
 Catchment size and
 Demand
 Size of conveyance and Storage system provided.
Designing a domestic RWH system
Usually, the main calculation when designing a DRWH system will be to know the catchment area
available and sizing the water tank correctly to give adequate storage capacity. The storage
requirement will be determined by a number of interrelated factors that include:
-

Local rainfall data and weather patterns,
Roof catchemnt /collection area,
Runoff coefficient (this varies between 0.5 and 0.9 depending on roof material and slope),
User numbers and consumption rates

Runoff coefficient for different types of roofing
Roof type
Runoff coefficient
Notes
GI Sheet
>9
Good quality water when it has not rusted, and often
less wastage
Glazed tiles
0.6- 0.9
Good quality water
Asbestos
0.8-0.9
It is not advisable to use asbestos as roofing material.
But existing asbestos roof can be used to harvest
water, and there is no documented health risk for
water collected from asbestos roofs. Inhaling asbestos
dust has carcinogenic health effects, and should be
avoided
Thatched roofing
0.2
It has low runoff coefficient, quality of water
collected from thatched roofs is not good. Water
collected from thatched roof can be used for vegetable
gardening and small livestock drinking water.

There are number of different methods for sizing system components for DRWH. Below are 3
different methods.
Method 1: Common side approach
This approach uses mean annual rainfall, which is the statistical mean of measured rainfall. This is
weather dependent and it cannot be guaranteed that the amount of water collected will be the same as
the calculated one. Usually 80-90% efficiency for collection is assumed.
Determining Reservoir Capacity :
Common method of estimating reservoir capacity is to size the storage to meet quarterly water
demand, i.e. to meet the water demand for three months with out water. It is always important to have
less expensive storage system.
Assume the roof area is 9m x 6m
Annual rainfall is 450mm
Different roof materials have different runoff coefficient that has to be used in calculation the amount
of water that can be harvested from roof catchments.
Due to leakage in the guttering in extreme downpour etc say there will be some wastage of water and
only 90% will be collected.( runoff coefficient)
Amount of water collected will therefore be = 9m x 6m x 0.45m x 90% = 21.87m3
Nearly 22m3 capacity reservoir will be required.
Depending on whether circular or rectangular reservoir will be provided the dimensions of the tank
can be determined. Assume the depth of the tank (reservoir) and then get the diameter or side
dimensions based on whether circular reservoir or square reservoir is opted. If the depth of the
reservoir is assumed to be 1.8m the diameter of the reservoir will then be
V= (  x D2 / 4 ) x H
Where V is Reservoir capacity
D is diameter of circular tank
H is the depth of the tank
D= 3.945m
A reservoir with 1.8m height and 4m diameter will provide enough storage facility.
OR
3
With 22m and 1.8m depth total area required is
= 22/1.8 sq. m
= 12.2 sq m
a 3 x 4.1 m rectangular reservoir OR 3.5 m square reservoir will be required to meet the demand.
Method 2: Demand side approach
In areas where there is sufficient rainfall and adequate catchment area for water collection is
available, the following simple method for the calculation of the largest storage requirement is used.
The method is based on the consumption rates and occupancy of the building. As a simple example
we can use the following typical data:
-

Consumption per capita per day, C assumed 15 litres (sphere standard)
Number of people per household, n – 6
Longest average dry period – 25 days

Annual consumption = C x n x 365 = 32,850 litres
Storage requirement, T = (32,850 x 25) / 365 = 2,250litres OR 15 x 6 x 25 = 2,250 litres
This approach works well in areas where there is sufficient rainfall and adequate catchment area for
collecting the water.
Method 3: Supply side approach
In low rainfall areas or areas where the rainfall is of uneven distribution, the determination of the
storage size requires proper attention. It is difficult to collect enough water rainwater that meets the
demand through out the dry season, and this will in turn make it difficult to design the optimum size
of the tank. During some months of the year there may be an excess of water, while at other times
there will be a deficit. If there is sufficient water throughout the year to meet the demand, then
sufficient storage will be required to bridge the periods of scarcity. As storage is expensive, this
should be done carefully to avoid unnecessary expense.
Rainfall data should be collected from meteorological office and comparison between monthly
demand and water that can be harvested on monthly basis is carried out. In certain months there will
be water in excess and in other months there will be deficit. To design the right size reservoir, carry
out graphical analysis between cumulative demand and cumulative harvested water and from the
graph determine the maximum storage requirement.
Capacity of gutters and down-pipes
Gutters and Down-pipes are the components, which catch the rainwater from the roof catchment
surface and transport it to the cistern/storage. Standard shapes and sizes of gutters and down-pipes are
usually easily available. Gutters and downspouts must be properly sized, sloped, and installed in order
to maximize the quantity of harvested rain. Gutters should have about 0.1% slope i.e. a fall of 10 mm
per metre to avoid standing water. Down-pipes should have large enough diameter to accommodate
the gush of water from the gutter. The figures given in the table 2, based on free discharge from the
level gutters, can be used as a guide for sizing down-pipes. Detailed gutter and down-pipe designs are
not included in this manual but can be referred in Warwick university DTU web site.1
Table 2: Capacity of gutters and down-pipes (adopted from DTU )
Diameter of half round gutter
(mm)
75
100
125
150

Capacity of half round gutter
(litres/sec)
0.4
0.8
1.5
2.3

Minimum diameter of downpipe (mm)
50
63
75
90

Storage system and selection of the reservoir site
The cost of storage tank constitutes the bulk of the cost of undertaking rainwater harvesting, and
therefore maximising the efficiency of the water harvesting system by providing proper sitting for the
reservoir including the right material selection for the construction will be beneficial for the project.
Water lifting and distribution form the reservoir should also be considered in deciding where to set up
the reservoir/ cistern. The reservoirs can be above ground, below ground or partly above and partly
below.

1

http://www.eng.warwick.ac.uk/dtu

To ensure a safe water supply, cisterns should be sited at least 50 feet away from sources of pollution
such as animal stables, latrines, or if the tank is below ground, from septic fields.
Tank placement should also take into consideration the possible need to add water to the tank from an
auxiliary source, such as water truck, in the event your water supply is depleted due to over-use or
drought conditions. For this reason, the cistern should be located in a site accessible to a water truck,
preferably near a driveway or roadway, and positioned to avoid crossing over water or sewer lines.
While the catchment area (roof) should not be shaded by trees, the cistern can benefit from the shade
since direct sunlight can heat the stored rainwater in the tank and thereby encourage algae and
bacterial growth, which can lower water quality.
Conveyance and distribution system
Conveyance system is used to convey water from the catchment areas to the storage and distribution
points. The difference in elevation between storage tank and distribution points should be well
designed to achieve a gravity flow of at least 0.125 litres per second at the taps according to Sphere
Minimum Standards. If the area is flat, excavation might be necessary to get the necessary pressure.
There should be also at least one water point per 250 people.
5.4

Domestic Rainwater Harvesting and Water Quality

For DRWH from roof catchment the type of treatment needed is filtration and disinfection. Dirt, rust,
scale, silt, and other suspended particles, birds and rodent faeces, airborne bacteria and cysts will
unintentionally find their way into the cistern or storage tank even when design features such as roof
washers, screens and tight-fitting lids are properly installed. The water can be less safe and
unsatisfactory for drinking. Filtration and some form of disinfection is the minimum recommended
treatment if the water is to be used for human consumption. The type of treatment units most
commonly used by rainwater systems are filters that remove sediment and chlorine to kill bacteria.
Filter
Filtration can be as simple as the use of roughing filters and sand filters through which the water is
passed. In all cases, proper filter operation and maintenance in accordance with the instructions
manual for that specific filter must be followed to ensure safety.
Once large debris is removed by screens and roof washers, other filters are available which help
improve rainwater quality.
Screening, sedimentation and pre-filtering
These should occur between catchment and storage or within the tank to trap and remove particles.
Disinfection
Chlorine is the most common disinfectant because of its dependability, water solubility and
availability. Granular or tablet is available (calcium hypochlorite), but the recommended application
for rainwater disinfecting is in a liquid solution (sodium hypochlorite). Household bleach contains a
5% solution of sodium hypochlorite, and is proven to be reliable, inexpensive and easily obtained.
Chlorine concentration is easily measured with a swimming pool test kit. The recommended
minimum level of chlorine residual is 0.2 mg/litre.
5.5

Criteria/Conditions for adopting RWH in emergency water supply programs
Planning for an Emergency water supply should take into account the following parameters:
-

The storage tank may not be located closer than 50 feet from a source of contamination such
as septic tank.
A storage tank must be located on a grade lower than the roof washer to ensure that it can fill
completely.

-

A rainwater system must include installation of an overflow pipe, which empties into a nonflooding area.
Inlets to storage tank must be designed to dissipate pressure of influent stream and minimize
the stirring of any settled solids.
An above-ground roof washer or filtering device shall be provided on all storage tanks.
Overflow from rainwater systems cannot flow into wastewater systems.
Storage tanks will be accessible for cleaning.
All openings into the storage tank shall be screened.
Storage tank cannot be relied upon to provide potable water without adequate treatment
consisting of roof washing and continuous disinfection.
Rainfall reliability (to ensure the available rainfall will be good enough),
Proper design of the settlement to align Shelters and interconnect their gutters to drain into
one storage tank
Consider use of pre-filtration and filtration systems in dusty and windy environments

Operations and Maintenance
Limited regular maintenance of gutters, and removal of leaves and other debris from the catchment
surface, is required. Cleaning of the tanks is necessary before and after the first rains. The community
can handle all of these activities.
Effectiveness of RWH Technology
People all over the world have successfully utilized Rainwater Harvesting for many centuries.
Presently, rainwater is collected from many types of surfaces to provide water for domestic, livestock,
and agricultural and fish-farming use. Rainwater is also used as supplementary water source piped
water supplies. The effectiveness of DRW Harvesting depends on the type of roofing material
including the guttering and down-pipes used in the case of Domestic Rainwater Harvesting
Suitability
The RWH technology has good potential in areas of rugged and steep terrain. It is more feasible in
high rainfall areas, because rain can fill the storage reservoirs more frequently. On the other hand, it is
quite suitable for arid and semi-arid areas where rainwater is the most inaccessible water source. The
advantages of using this technology are that water is provided at the point of consumption, and there
is good potential for community-based management of the collection systems (with low operating and
maintenance costs). Relatively good quality water can be obtained using this technology.
6

Rainwater Harvesting for Agricultural / Livelihood purposes (ARWH)

6.1
Pans ( Hafir Dams)
Pans are simple earth ponds, could be natural or purposely dug to collect surface water runoff for
livestock and agricultural water use, but some times for human consumption as well. Pans have
different names in different countries. In North eastern Kenya they are called as pans, where as in
North Sudan/ Darfur they are known as Hafir dams. Pans/ Hafir dams are usually constructed by
using manual labour and sometimes when they are large size pans, are constructed by employing earth
moving equipment such as excavator /loader or grader. They have to be strategically located both in
terms of the right topography and access to users.
Sitting of Pan construction.
 General topography of the area. The land should be slanting gently to allow flow of water in
to the pan. It is always good to have simple topographic survey of the possible site done
 The soil type should be one that can retain water – impermeable layer. Carry out
permeability test of the soil.
 Pan not to be sited on rocky area that could impede excavation.
 Spillway for any excess water should be part of the design consideration, to avoid a breach of
the pan embankment in the event of heavy rain and runoff.
 Pan to be sited away from any source of pollution.



Pan should not be sited in area where it can greatly contribute to the environmental
degradation. (Can attract huge livestock and thus posing problem of over-grassing)

Factors to consider in determining the size of a pan.
 Average rainfall of the area.
 Mean evaporation rate of the area.
 Rough estimate of the catchment size
 The use of the water to be harvested.
 Population to be served both human and livestock.

Oxfam GB Turkana, Kenya – Pan full of water

Photo NegaBL

Turkana, Kenya:
Pan construction on cash for work
programme

Oxfam GB Turkana, surface water harvesting pan underconstruction

Photo NegaBL

Oxfam GB Sudan Programme: Hafir Dam in Darfur

Photo: Nega BL

6.2
Birkades
Birkads are cement lined underground water storage tanks, commonly constructed in Somali speaking
areas of the Horn of Africa. They are traditionally used in Somali Region of Ethiopia and in Somalia
Proper. Mostly they are privately owned, and water is sold to the community both for human
consumption and for livestock watering.
Birkads are provided with simple sand tarp and can be as big as 12m x 4m and up to 3m deep. They
are provided with cement plastered masonry walls, and some times where the soil formation allows
they are only provided with cement plaster only. Some Birkads with reasonable size are provided with
corrugated Iron sheet cover, to reduce evaporation and algae growth

Empty functional Birkad : Harshin town, Somali Region Ethiopia, near Southeast
Rangeland compound

Most common problem with Birkads is the quality of water, which is usually very turbid due silt
accumulation. The Silt trap is usually provided, but does help only to some extent. During every dry
season the Birkads have to be de-silted.
Factors discussed above for pans/hafir dam construction, such as annual rainfall, catchment area, the
rate of evaporation, and the number of human and livestock population it will serve; do affect the
design of Birkad sizes and where it should be located. Accumulation of silt in the birkads can be
reduced by providing one or series of silt traps before the main birkad itself as shown in the schematic
diagram below.

Surface Water Flow
Schematic
diagram of Birkad

Silt
Trap

6.3

Birkad Storage

Rock catchments

Rock catment is a rainwater-harvesting mechanism in areas where there is massive rock outcrop
along the line of surface water runoff from precipitation. It usually provides relatively fresh and
relatively less turbid water, which eventually requires relatively less treatment to render the water
potable.

Turkana, Kenya : Labour
intensive Masonry dam
construction in arid
environment as part of cash
for work programme 2003.
The water so collected is
used for human and
livestock consumption.

Oxfam Turkana, Kenya
Construction of Masonry dam

Photo Nega BL

Turkana, Kenya
Rock ctachment dam

Photo Nega BL

Concrete Ground Catchment

Pastoralist communities in arid and
semi arid environments do not usually
have shelters where it is possible to
harvest rain water from roofs. Use of
simple concrete cement masonry
catchment to collect water can be
simple solution.
The concrete catchment is constructed
such that there is about 1-2% slope
towards the middle of the concrete
catchment provided with drainage
channel. The system is provided with
sand trap and underground storage tank
with corrugated Iron sheet cover.
The community use bucket and pulley
system to draw the water from the tank.
Afar Region, Ethiopia Concrete ground rainwater catchment

6.4

Photo: NegaBL

Check Dams

Check dams are small earthen or masonry barriers placed across streams for the purpose of capturing
the water as it flows downstream. The complexity of the design of check dams can vary, depending on
the purpose of the check dams, and the size and amount of the runoff water in the stream. Check
dams reduce the effective slope of the stream/drainage channel, thus reducing the velocity of the
flowing water and allowing sediment settlement and reducing erosion.

Check dams are used to
 Retain sediment behind the dam
 To prevent erosion
 In steep channels to reduce the velocity of flowing water
 To retain water and help ground water recharge.
 To enhance soil and water conservation

Series of cascading simple
stone rubble check dams,
constructed to control erosion
and retain water with in the
surrounding soil, as part of
soil and water conservation
programme.

Oxfam GB Eritrea Programme, Debre Mariam Check dam
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Small scale Earth dams

6.6

Small scale masonry Dams

photo Brian McSorley

Makalakal Weir in Choma
District Zambia, constructed as
part of Oxfam GB’s ‘Water for
Livelihoods Support and
Sanitation project’
The construction of the dam was
implemented with local
/community capacity with Oxfam
technical staff providing the
design and supervision of actual
implementation.

Oxfam GB Choma district, Zambia
Masonry dam (weir) at Makalakal Village

Photo NegaBL

This manual covers simple small-scale masonry dams (weirs). The constructions of such dams require
proper site selection and undertaking topographic survey of the area. Detail dam and weir design
calculations are not included here in this manual. If this becomes necessary, the reader needs to refer
references such as small-scale dam design2, where designs of Small-scale masonry dams and Weirs
are discussed in detail.
2

rd

design of small dams (USBR) Water Resources technical publication 3 edition 1987.

Design of Weir:
Weir is a low height masonry or concrete dam built across a stream constructed to raise the
upstream water level, in order to use it for agricultural/irrigation purposes. When the flow of
the water is uncontrolled it is termed as fixed crest weir.
Maximum Discharge Q = CIA/360
Where Q = Discharge in cumec (m3/sec)
I = Intensity of rainfall ( 25mm/hour)
A = Area of catchment in ha.
To decide length of the weir
Maximum Discharge Q = CIA/360
Where Q = discharge in cumecs (m3/sec)
I= Intensity of rainfall ( 25mm/hour)
A= Area of Catchment in ha

To decide the length of the weir
Q= CLH3/2
= 1.6 LH3.2 ( for broad crested weir C=1.67)
3/2

L = Q/CLH

= CIA/360 CLH3/2
where C = constant = 1.67
L = length of the weir
H = Flow height over weir

6.7

Subsurface Dams and (Sand Dams)

Sub surface dams is a structure that store water underground. It is relatively easy and simple to
construct, and can easily be constructed using community labour with minor technical input from
experts. It is constructed in dry river bed, by digging trench in the middle of dry river bed vertical to
the flow direction. It is basically constructing an impermeable wall under the surface. The top of the
structure can be under the ground surface or it can be less than 2m above the ground level, which will
then have a terminology Sand dam attributed to. After number of seasons the top 2m of the dam will
then be submerged by sand in riverbeds where there is high soil erosion from the catchment area.
Different types of dam walls can be constructed:
 Masonry or brick wall with good cement plaster on the upstream side
 It is possible to use gabion filled with masonry rubble inside and cement plastering on the
upstream side, or applying strong plastic sheeting to render the wall impermeable.
 Masonry gabion with impermeable clay core inside

Sub surface dams can be constructed for multiple purposes
 To retain water and to improve aquifer recharge.
 To obtain drinking water by constructing simple shallow hand dug wells on the sides of the
riverbed and providing infiltration gallery to let water flow into the wells.
 It is also possible to gravitate water from the subsurface dam by using gated pipe connections
depending on the amount of water available and the topography of the area where the
subsurface dam is constructed.
__

_________________________________________________________________________________
complete construction of the sand dams happens in stages during number of seasons.
Sand dam is constructed in stages. The maximum height of the dam above ground at one stage should
always be less than two meters. The idea is during flood season sand will be accumulated on the
upstream side and water will freely overflow with out the need for major structural strength of the
dam itself. In situation where there is big debris where big wood stocks and stones are expected to be
brought by the runoff during flood seasons, then the height of the dam above the ground surface in
each stage should be kept to bare minimum.
The purpose of subsurface dams and sand dams is to retain seasonal runoff water, and to provide the
possibility of abstracting water through construction of infiltration galleries and shallow wells etc.
They can also be used a means of ground water recharge.
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Terraces, Pits and Micro-catchments

6.9

Agricultural bunds

Agricultural bunds are earthen embankments used to act as a barrier to flow of water in agricultural
field. . The water percolates behind the bunds allowing infiltration of water into the soil. Usually the
bunds should be of 0.3 metres height, 0.3m top width and slope of 1:1 V:H The contour bunds have to
be constructed in such a way that excess water is able to spill over to the next following the contour
with out overtopping the consecutive bunds as it the sketch diagram below. The bunds can be
constructed using the soil dug from the field itself, (when the bunds are not big) or soil can be brought
from other selected sources in the vicinity.

Turkana, Kenya:
Construction of agricultural
bunds as part of cash for
work for work programme
2003.

Oxfam GB Turkana : Agricultural Bunding

Photo NegaBL

0.3m

1:1 slope

1:1 slope

0.3m

Typical dimensions for agricultural bunds
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Rainwater Harvesting for aquifer replenishment
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