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Foreword

This handbook on water from roads produced by Danida in Kenya is targeted at all
organizations involved in road construction works and especially the Ministry of
Roads and Public Works.

Currently, all road construction works have no provision for the storage of run-off
water generated from road drainage. This handbook then comes when road engineers
have been trained and sensitized on the importance of safe disposal of run-off water
from roads.

Water from Roads as a handbook is expected to serve as a guide for road engineers
and contractors who are involved in the design and construction of road drainage
works. The handbook provides valuable technological advice for harnessing road run-
off water.

This handbook provides all the technical information required for the design and
construction of all the types of earth dams, water tanks and subsurface dams. Also the
handbook contains information on run-off farming.

It is this understanding of the technical information contained herein that our roads
could be designed better by providing viable alternative technologies options for
harnessing road drainage. This handbook also provides alternative technologies for
run-off water utilization.

Mrs Elizabeth Mibey
Principal Environmental Impact Assessment (EIA) Officer
Ministry of Roads and Public Works
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TECHNICAL TERMS
ASAL
ASALCON
Batter
Bench mark (BM)
Berm =
Base =
Borrow pit =
Bill of Quantities (BQ)=
Catchment =
Centre line =

Contour line =
Crawler =
Crest
Dan i da =
Diaphragm =
Downstream batter =
Downstream toe =
Draw-off pipe =
Embankment =
Evaporation =
EU
Freeboard =
Gradient =
Hafir (Arabic term) =
Inselberg =
Impervious =
Key (Cut-off trench) =
Live fencing =
Murram =
NIL
Seepage =
Sediment =
Settlement =
SIDA
Sill
Siltation =
Siphon =
SOD1S
Spillway =
Storage ratio =
Turbid =
Throw-back —
Topographical =
UNDP
Upstream batter =
Upstream toe = '
Valley dam =
Washout =

AND ABBREVIATIONS
Arid and Semi-Arid Lands
ASAL Consultants Ltd.
Gradient of a dam wall
A fixed point for measurements
Area between a reservoir borrow pit and dam wall
Foundation for a dam wall
An excavation from where soil is taken
List of materials and labour, with costing
Area draining run-off water to a common point
An imaginary line through the centre of a crest at
the upper level of the freeboard
Horizontal line connecting points of equal altitude
Bulldozer
Top of dam wall

Danish International Development Assistance
Blanket of soil on upstream side of embankment
Downstream slope of a dam wall
Downstream edge of a dam wall
Pipe draining water by gravity
Dam wall
Water lost as vapour from a water surface
European Union
Safety height of dam wall from maximum water level
Slope
A type of earth dam for livestock and people
A massive bare rock outcrop common in the tropics
Not letting water through
Trench of clayey soil to prevent seepage
Fence of vegetation, preferably thorny
A clayey soil packed with stones found in laterite soil
Cement slurry
Water seeping through soil
Soil deposited in reservoir
Soil compacting and shrinking due to weight
Swedish International Development Assistance
Low concrete wall across spillway
Dam reservoirs being tilled with silt
Pipe lifting water over a high point to a lower level
SOlar Disinfection (of water)
Overflow channel discharging excess floodwater
Volume of water in relation to volume of soil
Muddy, unclear water carrying sediment
Length of a reservoir full of water
Relating to the shape and height of the land
United Nations Development Programme
Upstream slope of a dam wall
Upstream edge of a dam wall

Dam constructed in a valley with a straight embankment
Section of a dam wall washed away by water

ix



ILLUSTRATION OF TECHNICAL TERMS
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Cut-through section of a three-dimensional sketch of a dam wall.

MEASUREMENTS AND CONVERSIONS
Length 1 metre = 3.28 feet

1 km = 0.62 miles

Area 1 acre = 4,047 m
1 ha = 10,000 m2

lkm2 =100 ha

Volume 1 litre = 1.75 pints
lm 3 =1,000 litres (1)
1 Imperial gallon
1 US gallon

Weight 1 tonne
1 British ton
1 US ton

Volumes and weight of materials
1 m3 water
1 m3 dry soil
1'm3 compacted soil
1 m3 loose gravel
1 m3 stones

= 0.4047 hectares (ha)
= 2.471 acres
= 247.1 acres

= 0.22 Imp gallons (or 0.26 US galls)
= 220 Imp gallons (or 260 US gallons)
= 4.5501
= 3.785 1

= 1,000 kg
= 1,016 kg
= 907 kg

= 1,000 kg
= 1,230 to 2,000 kg
= 2,180 kg, approximately
= 1,745 kg, approximately
= 2,400 kg to 2,900 kg

Exchange Rate Used in the Manual
Ksh = Kenya Shillings
Ksh 72/ = USD 1.00 (October 2006)



Chapter 1. Damage by road run-off water

1.1 Road damage by run-off
Rainy seasons are blessings for farmers
but hard times for motorists. Streets get
flooded and impassable in towns due to
blocked or under-dimensioned sewage
systems. In the countryside, villagers may
be cut off from the rest of the world due to
deep holes filled with water and mud,
which vehicles cannot drive through. The
photo shows the depth of such a hole in a
road after the water has evaporated.

Here the rainwater has cut a small gully on
one side of the road. Since usually no
repairs take place during rainy seasons,
every additional rain shower will make the
gully deeper.

The following rain showers have now
deepened and widened the small gully into
a deep cut that runs halfway across the
road and through the farmland until the
flood reaches a riverbed.

The rainwater continues to remove
considerable amounts of murrain from the
road and soil from the farmland, which is
eventually transported to the sea via
riverbeds, where it chokes fish, coral reefs
and damages the marine ecology.

A few more rain showers have now
extended the gully right across the road
and made it impassable.

The only way of by-passing the gully is to
drive over the farmer's land on the higher
side of the road, where vehicles have cut a
deep track. No crops will ever grow there
again.



A road-grader has made a cut-off channel to
divert run-off water from a road to a field.

While this preserves the road, it damages
the field, because the run-off water will
create a gully stretching all the way from
the road to the nearest riverbed.

After a few years, the run-off water from
the road will have deepened and widened a
small gully in a fertile farmland to a bare
valley where all the top soil has been
eroded. Only hardy thorny scrubs can grow
there.

Where no preventive action is taken, a
small gully may turn into a desolate moon
landscape as seen in the photo.

In this way, thousands of acres of fertile
farmland are being washed away every year
by uncontrolled rainwater running off
roads.

Another hazard created by rainwater
running off roads is that some people and
animals lose their lives, while trying to
cross a road over a riverbed flooded by
rainwater.

1.2 Loss of people and livestock
Often rainwater comes as a flash flood
several metres high, which carries uprooted
trees and drowned animals - and sometimes
drowned people - into the brown maelstrom
of flooded riverbeds. The photo shows the
damage by erosion to a low bridge after a
flood has passed over it.

This handbook explains in simple terms,
how other people have stopped the erosion
process and improved their living standards. 2



1.3 Gullies made by culverts

Culverts are concrete rings laid as
drainage pipes under roads at their lowest
points. The culverts drain run-off water
from the upper side of a road to a riverbed
on the lower side of the road.

The photo shows a series of concrete
check dams along the newly built Nairobi-
Mombasa highway. The check dams
reduce the velocity of water before it
enters the culvert seen in the left lower
corner.

On the other side of the road, the culvert
discharges the water into a small ditch
which spills the water onto grazing land
without any soil protection. This ditch
will turn into a deep gully after some
rainy seasons and the topsoil and grass
will be washed away. In the near future,
the Maasai will have to graze their
livestock elsewhere.

This photo, of the same road near Sultan
Hamud, gives a good impression of the
huge volumes of run-off water from roads
after a small rain shower.

Luckily, this water is discharged into a
riverbed without any erosion.

This photo shows a culvert near Arusha
that discharges run-off water into a ditch
that will either turn into a gully or a
riverbed after a few more rainy seasons.



1.4 Volume of rainwater running off roads
The volume of rainwater running off from a 1 km long murram or tarmac road from a
rain shower of 30 mm, can be estimated as follows:

Road area:
Road surface:
Run-off efficiency:
Rainfall:

1,000 m long and 4 m wide
Murram or soil
80%
30 millimetres

1.000 m x 4 m x 80 x 30 mm = 96,000 litres = 96 cubic metres from 1 km road
100

Bearing in mind that the average annual rainfall in a season is about 600 mm in most
ASAL regions, the total annual volume of run-off water from a 1 km long murram
road is:

1.000 m x 4 m x 80x 600 mm= 1,920,000 litres = 1,920 cubic metres
100

Considering that one local Zebu cow consumes about 20 litres of water in a day, then
185 local cows can be watered every day in a year (1,920,000 litres minus 30% loss
(576, 000 litres) = 1,344,000 litres / 20 litres / 364 days = 185) from only 1 km of
murram road.

This example shows clearly that roads can supply huge volumes of water for
livestock, irrigation, forestry, construction works, etc., provided the harvested water
can be stored until it can be used in the following dry season.

If the stored water is intended for domestic use, it can be treated using grounded seed
from Moringa stenopetala to settle the dirt in the bottom of a container. Thereafter the
water should be sterilised cither by boiling or by the Sun's ultraviolet rays that can
destroy all bacteria in water filled in transparent bottles and exposed to 6 hours
sunshine.

Run-off .vater noni the Kanziku road in \uu. has been harvested into this pond,
which was made by scooping out a depression and placing the soil as a dam wall on
the lower side of the excavation. Hopefully, the woman will treat the water she is
drawing, before it will be used for domestic purposes.
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1.5 Benefits from rainwater running off roads
As shown on the previous page, the 1,344 cu.m. run-off water from 1 km of road can
water 185 local cows every day in a year, while taking into account that 30% of the
water may be lost due to evaporation or seepage. Besides watering livestock, the
water could also be used for other purposes, such as:

1. Tree nurseries, woodlots, orchards and vegetative fencing of fields and
homesteads, which provide income from sale of tree seedlings, timber,
firewood, fruits, etc.

2. Manufacturing of burnt bricks, concrete blocks, culverts and other building
materials that can be sold.

3. Sale of water to neighbours for watering their livestock, construction works,
etc.

4. Raising ducks, geese, fish and bees in or near open water reservoirs.

5. Sale of sand harvested from weirs and sand dams in gullies and riverbeds.

6. Recharge of hand-dug wells near subsurface dams, weirs and sand dams in
riverbeds from where domestic water can be drawn.

7. Using nm-off water from tarmac roads for domestic use is not advisable due to
the risk of contamination by tar, oil, rubber, etc.

8. Increased agricultural production from fields irrigated by road run-off water.

Two examples of school boys earning cash for their schooling:

Harvesting sand for sale from a sand dam Assisting water vendors in bringing
built in a gully near Lake Victoria. The empty jerrycans to a water point near
construction cost of 10 sand dams was Voi.
recovered from sale of sand in 1 Vz years.

The next chapters will describe four types of rainwater harvesting from roads, namely
earth dams, tanks, subsurface dams and run-off farming, which farmers can construct
themselves for a minimum of investment.
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Chapter 2. Earth dams

The most common technique for harvesting run-off water from roads is to store the
harvested water in reservoirs built of soil. The construction cost consists only of
labour to excavate and transport soil. There is no need to purchase cement or
reinforcement iron from hardware shops.

Several types of soil structures that can be constructed successfully by farmers are
described in the following chapters.

2.1 Murrain pits
Murram pits, also called borrow pits, are always situated along roads and are easy to
convert into water reservoirs, because only excavation of one or two trenches is
required. However, before digging the trenches, it is advisable to discuss the issue
with the local authorities.

Murram pits are found along most roads,
because the material (murram) excavated
from them is used for building the roads.
Whenever a road is re-carpeted with murram,
the existing pits are either widened, or new
murram pits are excavated.

In any case, the floor of murram pits is
usually either impermeable laterite or rock,
through which there is hardly any seepage. If
the walls or the floor of a murram pit are
stony they may allow some seepage but that
can be sealed by plastering a mixture of clayey
soil and lime onto the leaking parts.

A murram pit along a road in Kitui

The run-off water from a road is diverted into a murram pit by excavating a trench
reaching upwards from the murram pit to the ditch running along the road. To prevent
sedimentation of the water reservoir in the murram pit, the trench should have a
gradient of about 3 cm for every 100 cm.

Spirit level

Gradient
300-

A gradient of 3:100 can be measured WT ' _..:.:t::z=E
by levelling a spirit level on a 300 cm — ^ T^ABATXD

long timber having a leg being 9 cm
long.

This photo shows a cut-off trench that has
been cut by a road grader for the purpose of
diverting run-off water from the road into
an adjacent field. Similar trenches can be
excavated by hand, or ox-scoops, to divert
rainwater into murram pits.



When a murram pit has been filled with rainwater running off a road, the surplus
water must be discharged over a spillway to avoid damage to the water reservoir. The
height of spillways is important. If a spillway is too low, the maximum storage
capacity of the water reservoir is wasted. If a spillway is too high, the lowest part of
the wall will not be able to withstand the water pressure and it will be washed away
thereby destroying the water reservoir.

Preferably, the surplus water from a filled
up murram pit should pass over a spillway
that diverts the water back to its original
course of discharge.

In practice, the optimal height of spillways
and the discharge of surplus water from
murram pits can be found by heighten the
spillway in stages.

Spillways should always be protected by The side of a spillway protected by stones
large stones packed with smaller stones
into the floor and sides of the spillway to .
prevent erosion and ensure that the final
height of a spillway is maintained.

Water can be drawn from murram pits in
many ways depending on the usage of the
water.

A girl filling jerrycans with water
from a murram pit for domestic use.

Two boys pumping water from a murram pit for
irrigation of vegetables using a Money-maker foot
pump costing about Ksh 5,000.



2.2 Small pans
Pans are natural depressions without any dam walls around their water reservoirs.
Pans were scooped out by elephants long time ago whereas murrain pits are man
made. Local people call these pans silanga ya ndovu, meaning elephant dams.

Rainwater running off roads can be diverted into pans by excavated trenches, or along
stone bunds, having a gradient of about 3:100 as described above.

A small depression next to a road at
Mbuinzau at Kibwezi has been converted
into a pan by building a "speed bump"
across the road, which diverts run-off water
into the pan.

Please note that the downstream side of the
pan has been eroded by surplus water due to
lack of a spillway covered with stones.

2.3 Large pans
Large pans for storage of run-off water
from roads and the annual floods from
Angola, are common water sources in the
extremely flat land of Ovamboland in
Northern Namibia. The pans are used for
raising fish, watering livestock and
domestic uses as well.
Deep pans in the Sudan are called hafirs.

An old pan being desilted
manually in Tavcta, for
Food-for-Work, apparently
without a proper workplan.

A small pan next to a road at Kibwezi.

An excavated pan in northern Namibia
that harvests run-off water from roads.

A pan built recently
by crawlers in the flat
land of Taveta financed
by TTAP/Damda.



2.4 Ponds
Ponds are small earth dams that are made by scooping out soil and using the soil to
construct a dam wall on the lower side of the water reservoir. There are three main
types of small earth dams namely: Charco dams, hillside dams and valley dams.
These dams are described in detail in another handbook of this series, namely Water
from Small Dams, and will therefore only be described briefly in this handbook.

2.5 Charco dams
Charco dams are suitable where run-off from roads spill over onto flat land,
preferably with silty or clayey soils. The best design for charco dams resembles a
calabash cut in half for scooping and pouring water as shown in the photo below.

A calabash cut in half.

Plan and profiles of a charco dam A charco dam in Tanzania.

Charco dams and other small dams can be constructed in stages during dry seasons,
when manual labour is available. Alternatively, neighbours who want to draw water
from somebody else's dam can be requested to scoop out and transport one
wheelbarrow of soil for every jerrycan of water they want to carry home, or the water
can be sold for cash and used to hire contract labourers for deepening a dam.

At every stage, the water reservoir can be made deeper and the dam wall higher from
soil excavated from the reservoir. This process can be continued until the dam can
hold enough water throughout the year.

Cross sections of a charco dam showing the first and last stage of excavation works.

9


