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About This Training Manual

The Nile Basin Initiative (NBI) is a partnership of the riparian states (Burundi, Democratic Re-
public of Congo, Egypt, Ethiopia, Kenya, Rwanda, Sudan, Tanzania and Uganda. Eritrea is partic-
ipating actively in the NBI as an observer) that seeks to develop the river in a cooperative manner,
share substantial socioeconomic benefits, and promote regional peace and security through its
shared vision of “sustainable socioeconomic development through the equitable utilisation of, and
benefit from, the common Nile Basin water resources”. NBIs Strategic Action Programme is made up
of the Shared 1Vision Programme (S1°P) and Subsidiary Action Programmes (SAPs). The SAPs are man-
dated to initiate concrete investments and action on the ground in the Eastern Nile (ENSAP) and
Nile Equatorial Lakes sub-basins (NELSAP).

NELSAP through its sub basin programmes implements pre-investment programmes in the areas
of power, trade and development and natural resources management. As part of its pre-investment
framework, the Regional Agricultural Trade and productivity Project (RATP), in concert with the
NELSAP, intends to promote and disseminate best practices on structural soil and water conserva-
tion and small scale irrigation development as a contribution towards agricultural development in
the NEL Countries. NELSAP has previously implemented and completed a project called Efficient
Water Use for Agriculture Project (EWUAP). One of the recommendations of EWUAP was the
need to develop Training/Dissemination matetials on adoption of low cost technologies for water storage,
conveyance, distribution, treatment and use for agriculture that can be adapted by communities and households of the
rural and peri-urban poor. This Training Manual is the initiative of NELSAP, for that purpose.

This Training Manual summarises the major structural soil and water conservation technologies
and practices especially for cropland protection. It covers four specific technologies adaptable by
smallholder farmers in the Nile Basin countries. These are diversion ditches, terracing, artificial
waterways and gully control. For each technology, the salient characteristics of the technology are
described, as well as the planning, design, construction, management operation and maintenance.

This manual is meant to improve the skills of engineers, technicians, extension workers, managers
and practitioners engaged in soil and water management, especially those working in smallholder
agriculture in Africa. It is meant to inform, educate, enhance knowledge and practice targeting
smallholder agricultural livelihoods in the NEL region. The information contained here may not
be exhaustive and thus, readers are encouraged to seck further information from references cited
in this publication and elsewhere.
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Nile Basin

Definition of Key Terms

Term Definition/Brief description

Arid Very dry climate with less than 300 mm average annual rainfall, where
cropping is possible only with support of water harvesting or irriga-
ton.

Available water hold- | The amount of water a soil profile can hold for plant uptake. It de-

ing capacity pends on soil depth, texture, structure and organic matter content.

Bulk density The apparent density of a soil, measured by determining the oven-dry

mass of soil per unit volume

Contour (line)

An imaginary line joining all points of the same elevation on a land
surface.

Deep percolation

Downward movement of water below the root zone under the force of
gravity, eventually arriving at the water table.

Depression storage

Temporary retention of rainfall in hollows and surface depressions

Diversion ditch

A channel made across the slope to protect cultivated land from exter-
nal runoff, normally with a gradient of 0.25-0.5%, also called cutoff
drain

Grassed waterway

A broad, shallow channel running down the predominant slope and
usually planted with short, closely growing grass. It is used for the
disposal of concentrated flows at safe velocities. Also called artificial
waterway.

Gully

A deep channel created as a result of severe soil erosion, usually caused
by running water.

Horizontal interval

The horizontal distance between two structutes

Hydraulic conductiv-
ity

The rate at which water can pass through a soil material, usually mea-
sured under saturated conditions.

Infiltration

Absorption and downward movement of rainfall into the soil

Infiltration capacity

Limiting rate at which falling rain can be absorbed by a soil surface in
the process of infiltration.

Infiltration rate

The rate at which water enters the soil profile. Infiltration rate can be
relatively fast, especially as water enters into pores and cracks of dry
soil. As the soil wets up and becomes saturated, the infiltration rate
slows to the point where surface runoff occurs.

Interception Catching and holding of rainfall above the ground surface by leaves,
stems and residues of plants

Interflow Movement of soil water through a permeable layer in a down slope
direction parallel with the ground surface, also called through flow

Liquid Limit The moisture content at which a soil begins to flow and behave like a

liquid.

Nitrogen-fixing

The ability of certain small organisms (bacteria, algae) to convert at-
mospheric nitrogen (a plant nutrient) into a form which can be used by
plants. These organisms live near the roots of legumes

Ovetland flow

Water flowing over a sloping ground surface to join a stream flow: a
form of runoff

Overtopping

Water flowing over the top of a bund or ridge, leading to erosion.

Perennial (crop)

A plant that lives for three or more years and which normally flowers

and fruits at least in its second and subsequent years.

Soil and Water Conservation Structures for Smallholder Agriculture




Plastic limit

The moisture content at which a soil changes from a semi-solid to a
plastic state

Rain fed agriculture

Agricultural systems whereby natural rainfall is the predominant source
of water for growing crops, trees or pasture on that field. It also
includes crops grown with flood flows harvested from excess rainfall
runoff.

Retention ditch

A relatively large, deep channel that runs across the slope to catch and
retain all incoming runoff for infiltration into the soil. It also called an
infiltration ditch, or cutoff ditch

Salinity Soils having high concentration of soluble salts

Saturation The moisture content at which all soil pores are completely water-filled.

Semi-arid Fairly dry climate with average annual rainfall of about 300-700 mm,
with high variability in rainfall.

Slope gradient The angle of inclination of a slope, which may be expressed in degrees

oras a percentage.

Soil and water conset-
vation (SWC)

Activities that maintain or enhance the productive capacity of land in
areas affected by or prone to soil erosion.

Soil erosion

The movement of soil from one part of the land to another through
the action of wind or watet.

Solil fertility

The capacity of a soil to produce crops by supplying nutrients (macro
and micro) in correct proportion and in adequate amounts over a long
time.

Soil moisture

Water held in the soil and available to plants through their root system,
also called soil water.

Soil moisture profile

The depth to which water infiltrates into the soil, also called infiltration
boundary

Soil porosity

The percentage of a given volume of soil that is made up of pore
spaces. Soils are oven-dried to measure bulk density, so porosity is a
measure of air-filled pore space

Spillway An outlet created in a retaining structure for allowing overflow of ex-
cess runoff
Sub-humid A humid climate with average annual rainfall of roughly 700-1000 mm.

Surface runoff

Excess rainfall which runs off the surface of the land, it includes both
overland flow and stream-flow

Surface sealing

When soil forms a sort of clay cement after rain, because the finest
grains clog the soil pores, preventing water infiltration. Also called

clogging up

Sustainable Land
Management (SLM)

The use of land resources, including soils, water, animals and plants, for
the production of goods to meet changing human needs, while simulta-
neously ensuring the long-term productive potential of these resources
and the maintenance of their environmental functions.

Terrace A piece of land whose slope steepness and/or length has been reduced
by either construction works, or by creating barriers across the slope, so
as to absorb and/or reduce surface runoff

Tillage preparation of the land for planting, or all the operations undertaken to

prepare a seed bed in agriculture

Soil and Water Conservation Structures for Smallholder Agriculture
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Time of concentra- The storm duration which corresponds with the maximum rate of
tion runoff in a watershed. Also described as the time duration when the
watershed contributes peak discharge rate.

Transpiration Wiater that is taken up by plants from the soil and then lost to the air
through small openings in the leaves of plants.

Vertical distance Spacing between two structures determined on the basis of the differ-
ence in ground elevation, also referred to as vertical interval.

Vertisol A type of montimorillonitic clay (also called black cotton soil) with
high clay content, which cracks when dry and is difficult to till when
wet

Water conservation The control, protection, storage, management and utilisation of water

resources in such a way as to optimise productivity

Water harvesting Activities where water from rainfall and/or surface runoff is collected,
diverted, stored and utilised.

Water logging State of land where the water table is located at or near the surface
resulting in poorly drained soils, adversely affecting crop production

Wiater storage capacity | Maximum capacity of soil to hold water against the pull of gravity, also
called field capacity

Water table Upper limit of ground water (or the saturated zone under the soil pro-
file).
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1. INTRODUCTION

1.1 What is soil and water conservation?

Soil and Water Conservation (SWC) refers to activities that maintain or enhance the productive
capacity of land in areas affected by or prone to soil erosion. Soil erosion, on the other hand, is
the movement of soil from one part of the land to another through the action of wind or water
(Figure 1.1). Thus, soil erosion by water is caused by raindrop impact surface sealing, and crust
formation leading to high runoff rate and amount, high runoff velocity on long and undulating
slopes, and low soil strength of structurally weak soils with high moisture content due to frequent
rains. Soil erosion by wind is caused by lack of vegetation cover, dry pulverized soils, strong wind
speeds, and poor land management practices such as continuous tillage and over-grazing;

Figure 1.1 (a) These long, steep slopes re-
quire soil conservation structures (photos by
Mati)

Therefore, SWC includes the prevention, reduction and control of soil erosion alongside proper

B (b) Badly gullied semi-arid land requires
" multi-faceted rehabilitation measures.

management of the land and water resources. Effective erosion management involves:

e Reduction of the amounts and velocity of surface runoff,

-
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e Maintaining good soil cover through mulching and canopy cover

o Conservation and retention of soil moisture,

e Prevention or minimising the effects of raindrop impact on the soil

e Maintaining favourable soil structure for reducing crusting

e Re-shaping the slope to reduce its steepness and slope length so as to minimise runoff flows
e Maintenance or improvement of soil fertility, and

e Removal of unwanted excessive runoff safely.

Based on these principles, erosion control measures are grouped into two broad categories:
(1) Preventive techniques, and

(i1) Control measures.

The erosion preventative measures mainly comptise the agronomic soil and water conservation
practices that improve land productivity without construction of structures (see Training Manual 4
in these series). The erosion control measutes involve the construction of various structures for the
control, diversion or conservation of runoff, which is the focus of this Training Manual (Figure

Soil and Water Conservation Structures for Smallholder Agriculture . n
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1.2). For improved agricultural productivity, both the agronomic and structural measures of soil
and conservation are necessary, especially on steeply sloping lands, where water conservation or
drainage of excessive water are required.

Erosion Control

Measures
Y Y
Reducing Reducing
runoff amount runoff velocity
Prevent Increase Porous Concrete
run-on infiltration barriers structures
e diversion channels + temaces ¢ gabions  drop structures
e interception ditches « contour bunds * riprap  chutes
* waterways e reno mattress e check dams
+ ridge tillage * woven & mat bamiers

+ broad beds

Figure 1.2 Flow chart depicting various methods of erosion control measures

1.2 What are soil and water conservation structures?

Soil and water conservation structures include all mechanical or structural measures that control
the velocity of surface runoff and thus minimise soil erosion and retain water where it is needed.
They usually consist of engineering works involving physical structures, made of earth, stones,
masonry, brushwood or other material for the construction of earthworks such as terraces, check
dams, and water diversions, which reduce the effects of slope length and angle. SWC structures can
be designed to either conserve water or to safely discharge it away. They supplement agronomic or
vegetative measures but do not substitute for them. Suitability of SWC structure depends on:Cli-
mate and the need to retain or discharge the runoff.

e TFarm sizes.

e Soil characteristics (texture, drainage, and depth).

e Availability of an outlet or waterway.

e Labour availability and cost.

e The adequacy of existing agronomic or vegetative conservation measures.

1.3 Determining amounts of runoff for design of SWC structures

1.3.1 Characteristics of surface runoff

Surface runoff (or simply runoff) is the portion of precipitation that makes its way towards the
stream channels, lakes or oceans as surface or subsurface flows. Runoff occurs when precipitation
rate exceeds infiltration rate, and is the most destructive component of rainfall. In the design of
SWC structures, the most important factors used are:

(1) peak runoff rates,

(11) runoff volume, and

(11) (i) temporal distribution of runoff rates and volumes.
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Factors affecting runoff
These include both catchment factors and rainfall factors.

1.3.2 Catchment factors

Runoff is influenced by catchment factors such as topography, vegetation, infiltration rates, soil
storage capacity and drainage pattern. In addition the size of the catchment, its shape, orientation,
geology and surface culture also affect runoff. The larger a catchment, the more runoff it will
generate. Slope steepness is particularly important as soil erosion is more prone on steeper slopes.
Surface culture includes the soil tilth, whether there is vegetative cover or not, and other land man-
agement activities, e.g. cultivation that would increase erosion.

1.3.3 Rainfall factors

Rainfall factors associated with surface runoff and erosion include; rainfall amounts, storm dura-
tion, intensity and distribution, as well as seasonal patterns, e.g. dry areas are more prone to erosion
that wet areas because prolonged dry spells destroy vegetation cover, and rain storms tend to be
high intensity and thus erosive. The most significant component of rainfall is its intensity, which
is a function of the energy the raindrops impact on the soil. The intensity-duration relationship of
rainfall gives an indication of expected runoff. For example:

I=a/(tt+h)
Where: I = Rainfall intensity

T = Duration of rainfall (min)

a & b are constants
For any given duration, the graph or equation will indicate the highest average intensity which is
probable for a storm of that duration. This is calculated as:

I=KkT*/t"
Where,
T = is the return period in years
T = is the duration in minutes
k, x, and n are all constants

Calculations involving rainfall probability must relate to a chosen return period, e.g. for conserva-
tion works on small farms, about 10 years.

Time of Concentration (T¢)

The storm duration which corresponds with the maximum rate of runoff is known as the time of
concentration (T¢). It is assumed that during the time of concentration, all parts of the watershed
are contributing simultaneously to the discharge at the outlet. Tc is also described as the longest
time for water to travel by overland flow from any point in the catchment to the outlet. It is equiv-
alent to the time it takes water to flow from the furthest corner of the catchment to the outlet.

Design storm

A design storm is a storm of known return period. It is used as a basis for designing structures.
For example, a 10-year, 1-hour rainfall is the maximum rainfall amount expected in a 1-hour period
with a 10-year return period.

Design runoff rates

The capacity to be provided in a structure that must carry runoff may be termed as the design run-
off rate. Structures and channels are designed to carry runoff that occurs within a specified return
period (T,). e.g. 10 years for vegetative waterways, and 100 years for permanent channels.
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1.3.4 Estimation of surface runoff

It is important to know the quantities of water to be handled. If the objective is to impound water
e.g. dams, peak volumes are used, if the purpose is to convey water e.g. channels/waterways, peak
runoff rates are used. It is necessary to estimate runoff or design of conservation and also con-
veyance structures, to avoid failure due to overtopping. Estimates of the rates of surface runoff
therefore depend on two processes: (i) estimating the rate of rainfall, and (ii) estimating how much
of the rainfall becomes runoff. The runoff rate is more crucial and is determined using various
methods or equations as described here below:

a) The Runoff Coefficient

The simplest method is to use a single coefficient which represents the ratio of rainfall loss. If half
of the rainfall is “lost” by infiltration, the other half appears as runoff, and then the coefficient, C
15 0.5.
Examples of runoff coefficients:

Woodland on flat sandy loam, C=0.10

Woodland, flat tight clay C = 0.40

Cultivated, hilly clay soil, C = 0.60

Urban, rolling, 50% built up, C = 0.65.

b) Catchment Characteristics or Cook’s Method

The method consists of summing numbers each of which represents the extent to which runoff
from the catchment will influence a particular characteristic. The effect of four features is consid-
ered in Cook’s method, which are:

(1) the relief,

(i1) soil infiltration,
(11)  vegetal cover, and
(iv) soil surface storage.

Each of these is considered in turn and the condition of the watershed compared with four de-
scriptions, i.e. extreme, high, normal, and low. Each description/feature has a number. For exam-
ple, an arithmetic total (e.g. 30+10+15+10=065) is the watershed characteristic and will lie between
the extreme values of 100 and 25. The main problem of this method, which estimates by addition,
is that the errors are propagated.

¢) Runoff Curve Numbers

This is an extension of Cook’s method, which allows for variations in the physical conditions of a
catchment and also the land use. Like in Cook’s method, four variables are considered and in each
case, a selection has to be made from a list of options. Ten categories of land use or cover are of-
fered (row crops, pasture, woods, fallow, farmstead etc) with a choice of soil conservation practices
such as contouring and terracing. The hydrologic condition of the catchment is graded good, fair
or poor and a subjective assessment of this factor is designated one of four major hydrologic soil
groups described eatlier. The method relies on subjective non-measurable assessment.

e) The Rational Formula
The Rational method predicts runoff through this equation:

Q = 0.0028CIA

Where:
Q = The design peak runoff rate in m3/s
C = Runoff coefficient (a function of catchment vegetation, slope, surface culture)
A = Area of the watershed in hectares
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I = Rainfall intensity in mm/hrt for the design return period and for a duration equal to
the time of concentration of the watershed.
The Rational method is developed on the assumption that:

(1) rainfall occurs at uniform intensity for a duration equivalent to the time of concentration,
and
(11) rainfall occurs at a uniform intensity over the entire area of the catchment.

1.4 General principles for the design of SWC structures

The design of SWC structures considers severity and extent of erosion damage or risks, the factors
causing erosion, as well as the suitability of land to the identified intervention. SWC control mea-
sures are directed at protecting the soil from raindrop impact and hydraulic forces of runoff. The
process involves three areas of attention:

(1) Reduction of raindrop impacts on soil;
(11) Reduction of overland flows;

(1i1) Increase infiltration rate, and

(iv) Slowing runoff velocities.

1.4.1 Factors considered

Soil and water conservation structures are usually made by hand labour or machinery although
some terraces develop naturally from vegetative barriers. They are particularly important on steep
slopes where annual crops are grown and in marginal rainfall areas where there is a need to con-
serve rainfall in situ. The selection and design of structure depend on many factors such as:

e Climate and the need to retain or discharge runoff.

e Tarm size and system (large or small-scale, mechanised or non-mechanised).

e Cropping pattern (perennial or annual, with or without rotations).slope steepness.
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e Soil characteristics (erodibility, texture, drainage, depth, stoniness and risk of mass move-
ment).

e The availability of an outlet or waterway for safely discharging runoff away from crop-
land.

e Labour availability and cost
e The availability of material e.g stone

e The adequacy of existing agronomic or vegetative conservation measures.

1.4.2 Structures for retention or discharge of runoff

Structure can be designed either to retain or discharge runoff. They can also be designed so that
part of the runoff is retained but the excess, during heavy storms, is discharged. In the higher rain-
fall areas(e.g. over 1,250 mm per annum), where crops are rarely short of water, or where there is a
risk of water logging at certain times, it is usually to design structures to discharge runoff if there
is no suitable outlet such as a natural waterway, artificial waterway or grassed slope. Discharging
water onto a footpath, road or existing gully would aggravate soil erosion. On large-scale farms it is
usually possible to set land for waterways. In densely settled area this is much more difficult.
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In the drier areas (e.g less than 750 mm per annum) it is usually desirable to keep rainwater in
situ and to prevent runoff. Other factors that must be considered in reaching a decision, besides
the availability of a discharge area or waterway, include the soil type, soil depth land slope and the
risk, if any, of retaining water in situ. Soils in higher rainfall areas that are prone to water logging
because they are shallow or because of the clay content, such as the grey soil (planosols) or black
cotton soils (vertisols) in other areas, normally require structures that will drain water. Some soil
on steep slopes, such as the areas with Andosols, it is better to drain water. Also, areas prone to
landslides become unstable if they very wet, and conservation structures should be designed to
drain the water away.

When there is a need to discharge water but no suitable space for a waterway, there are two options.
One is to change the land use to a permanent crop or fodder grass that does not require conserva-
tion structure. The other is to use contour barriers designed to conserve all the runoff.

1.4.3 Size of conservation structure

The design of any structure to retain or discharge runoff should be based on a reasonable estimate
of the volume of runoff (m’) to be retained or the peak rate of runoff (m3/s) to be discharged.
A retention structure can rarely be made big enough to capture all runoff during exceptionally
wet period, unless the catchment area is very small. One alternative with retention structures is to
incorporate a spillway to take the overflow.

Similarly the design of a structure to discharge runoff can rarely be based on the heaviest storm
possible. Usually it is based on the heaviest storm that can be expected in a given period (e.g. 10
years) with the knowledge that a heavier storm, of a magnitude that occurs once in twenty, fifty or
a hundred years, could take place (the frequency in years with which a storm of a given amount is
likely to occur is known as the return period).

1.4.4 Risks

The risk of damage due to an exceptional storm should be considered when designing structures.
If the risk cannot be eliminated, it must be minimised by ensuring that the structures are stable
when they are made and carefully maintained afterwards. Failure to pay attention to this point can
lead to damage during heavy storms and greater erosion than erosion than if the structures had not
been installed in the first place. Where there are a series of structures on a hills slope there is a risk
if a structure is breached near the top, then those downhill would also get damaged.

1.5 Types of conservation structures

The main SWC structural measures used on croplands comprise diversion ditches (cutoff) drains),
retention (infiltration) ditches, terraces and waterways. Supportive cultural measures such as grass
or vegetative material for stabilising the structures are also required for selection of proper species.
The identification of appropriate types of SWC structures should take into account the need to
retain runoff in areas where water is short or discharge runoff where it is in excess. The design
of structures to discharge runoff, such as diversion ditches and waterways, should be based on an
estimate of the peak rate of runoff. Structures which are intended to discharge runoff should not
be installed unless there is safe place for disposal of water e.g. a natural or artificial waterway or
permanent vegetation.

In higher rainfall areas e.g. those receiving more than 1000mm of rain per annum, and where crops
rarely lack water, or where there is a risk of water it is usually necessary to design structures to dis-
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charge runoff. However, it would be a mistake to design a structure to discharge runoff if there is
no suitable outlet such as a natural waterway, artificial waterway or grassed slope. Discharging water
onto a footpath, road or existing gully will aggravate the problem of erosion. In the drier area (less
than 750 mm per annum) it is usually desirable to keep rainwater in situ and prevent runoff.

1.6 Benefits of conservation structures

Soil and water conservation bears benefits over a longer time span after construction. However,
some benefits such as increased crop yields can be can be attained within the first year. In general,
the benefits of SWC can be summarised as follows:-

e Increased agricultural productivity (higher yields, fodder for livestock )

e Conservation of potentially productive land i.e. SWC supports sustainable agriculture
e Reduced nutrient loss from the soil, and thus less fertilizer requirements

e Environmental conservation, by storing more water within the soil profile and thus im-
proved catchment hydrology

e Soil drainage benefit in areas prone to floods or water logging,

e SWC benefits irrigation and drinking water supplies, by protecting reservoirs from sedi-
mentation

e SWC protects infrastructure such as roads from erosion damage, e.g. gullies.

1.7 Limitations

The planning and construction of SWC structures on smallholder farms can be complicated by the
small sizes of plots on given slope. This is because farm boundaries are not necessarily aligned to
the contour or following a natural feature such as a crest line or drainage line. Thus, it is difficult
to get appropriate site and space for an artificial waterway. Sometimes, the best site for a waterway
may already be occupied by a footpath or a gully. Attempting to plan one farm in isolation from the
others is likely to cause failure. A catchment plan is needed but there are social implications which
must first be resolved.

SWC structures can be expensive to install. In particular, gully control structures can be very ex-
pensive. There is also a lot of labour needed to excavate terraces, especially bench terraces. SWC
requires some level of engineering design, and thus technical know-hoe can be a limitation. SWC
structures function by retaining water in-situ, thus denying runoff to downstream areas. This can
be a potential source of conflict which should be addressed.

1.8 Management and maintenance

SWC structures require regular maintenance and repairs if they get damaged. Grazing in cultivated
lands treated with SWC structures should not be allowed as the animals can damage the structures.
Instead, fodder should be cut and taken to animals preferably under cut and carry systems. Re-
planting vegetative materials and lining out of construction and channels should be done at least
every season.
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2. DIVERSION DITCHES
2.1 What is a diversion ditch?

A diversion ditch (also known as cutoff drain or storm-water drain) is an open channel,
made across the slope, with the ridge of the downhill side (Figure 2.1). Diversion ditches
are usually constructed above cropped land to protect cultivated land from excessive flood-
ing coming in from home compounds, roads, gullies and other surfaces. It is the first line
of defiance and is vital to the protection of the entire farm since all the structures lower
down are designed on the assumption that all the runoff from outside the arable land is
well controlled. If the diversion ditch fails the runoff ensuing would certainly breach the
lower conservation works.
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Figure 2.1 A newly excavated diversion ditch (photo by B. Mati)

There are various types of diversion ditches, called variously storm water drain, storm water chan-
nel, diversion terrace, cutoff ditch, cutoff drain, diversion ditch, or other combinations of these
terms. However, the major distinguishing feature is whether the structure is meant to drain away
excess flows — in which case it is called a “drain” or for water conservation — then the term “ditch”
applies. Diversion ditch will be the term used in this manual.

Nile Basin

2.2 Functions of diversion ditches
e The primary purpose of a diversion ditch is to protect intercept surface runoff which flows
down from higher ground and convey the water safely to an outlet such as a waterway.

e A diversion ditch protects other SWC structures downhill behind it from erosion damage

e In dry land areas, diversion ditches can be used for water harvesting by directing water com-
ing from the upper catchments into farmlands.

e In places where there is relatively high rainfall, and in areas with Vertisols, diversion ditches
are used as drainage ways to let out water from the farmland to the natural or artificial water-
way.
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e Diversions structures may also be used to control gully erosion, and dissipating excess flows
from roads, home compounds and hilly areas.

e They are used for water conservation or as water retention structures, and tree crops grow
inside the ditch, especially in dry areas.

e Diversion ditches can pond runoff which can be used to raise the soil moisture of adjacent
farmlands through seepage

2.3 Design of diversion ditches

The design of diversion ditches should be based on the outlet conditions, topography, land use and
soil type. As diversion ditches are made to protect cultivated land, they should be designed to carry
the peak runoff from the contributing catchment during the worst that can be expected in a 10 year
period. The location of a diversion ditch is usually determined after checking the outlet conditions,
topography, land use, soil type and length of slope. To achieve effective protection of farmland, the
diversion ditch or cutoff drain, should be constructed between uncultivated and cultivated land.

2.3.1 Allowable Velocity

The dimensions of a diversion ditch are determined using the manning equations with permissible
velocities shown below.

Q — (AR2/3 Sl/Z)/n

Where, Q = flow rate, m*/s
A = area of flow, m?;
V = mean velocity, m/s
R = hydraulic radius, m, (R= A/P; where P is the wetted perimeter)
S = bed slope, m/m
n = Manning roughness coefficient = 0.03 for drains

The channel shape and cross-sectional area are related. But since most diversion ditches are de-
signed with a trapezoidal cross-sectional area, then the values of A and P are calculated as follows:

A =bd+ Zd% and P =b +2d (1+Z?)"?

Where,
7. = side slope of a trapezoidal channel. Z should be less than the angle of repose of the satu-
rated material. In any case Z should not be steeper than 1.5: 1 (Horizontal: Vertical).
b = bottom width of the drain,
d = depth of water

2.3.2 Channel shape and dimensions

The channel cross-section can be made rectangular, parabolic, semi-circular or trapezoidal. Manu-
ally excavated ditches are usually rectangular or trapezoidal, while those made using machinery the
shape can be trapezoidal, parabolic or semi-circular. The trapezoidal shape is preferred because it
accords larger capacities than either rectangular or parabolic shapes. The channel width and depth
must be appropriate to the cross-sectional area calculated from equation given above. For an av-
erage smallholder farm, the channel dimensions range about 0.6 to 1.4 m bottom width, with a
top width ranging 1.2 to 2.8 m. The depth of diversion ditches can be about 0.3-0.7m. On larger
mechanised farms, the side slope of the channel should be 4:1, but in small-scale farming a steeper
gradient of up to 1:1 is recommended to save land.
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Channel dimensions depend on the gradient of the ditch. For gentle slopes, wider, shallow chan-
nels are used while on steep slopes, narrow, deep channels are more appropriate. In any given
situation there are usually several possible dimensions which are related to the bed gradient as
shown in Table 2.1. Generally, the channel cross-section should have a wide shallow cross section
to minimise the risk of erosion and allow easy crossing by people and livestock.

Table 2.1: Allowable discharge rates for various channel dimensions and gradients of
diversion ditches

Ditch dimensions Gradient of ditch

Bottom T o p| Cross-sec- o o o
width | PPT | Gidh | tional area 0.1% | 02% 0.5%
(m) (m) (m) (m?) (m*/s) | (m’/s) (m*/s)
0.6 0.3 1.2 0.27 0.14 0.20 0.31
0.8 0.4 1.6 0.48 0.30 0.42 0.67
1.0 0.5 2-0 0.75 0.54 0.77 1.21
1.2 0.6 2.4 1.08 0.88 1.25 1.25
1.4 0.7 2.8 1.47 1.34 1.88 1.88

Note: These values assume earth lining and 1:1 side slopes.

Source Thomas, 1997

2.3.3 Channel gradient

The channel gradient of a diversion ditch depends on the topography of the area and
should vary between 0.1% and 1% with 0.5% as the optimum. For light sub-soils, (sandy
silt and sandy loam) channel gradient is 0.1%-0.2% and for heavy sub-soils (clay and clay
loam) it is 0.4%-0.5%. For small discharges about 1% gradient can be used. In order to mi-
nimise the risks of sedimentation and over-topping, the diversion ditch should not be long;

2.3.4 Channel Length

Generally, the length of a diversion ditch is commensurate with the width of the farm. But for very
small farms it may be necessary to excavate one continuous channel across farm boundaries with
one outlet, rather than several small ditches with respective waterways. This has social implications
as neighbouring farmers should all be agreeable. To minimise the risks of sedimentation and over-
topping, a diversion ditch should not be too long, preferably not exceeding 250 m for areas with
highly erodible soil. On more stable soil, e.g. red clay loams, the length should not be more 500
m. In exceptional cases, a longer ditch could be made if it is the only way to reach a safe outlet or
waterway.

2.3.5 Free Board

A Free board is an additional capacity added to the design depth of channel. The design is based
on the peak discharge, which will occur at the outlet of the ditch. For earthen channels, extra depth
equivalent to a 10% increase in the design depth is used. A freeboard is necessary to take care of
unexpectedly high flows, and to act as a safety net in case of sedimentation of the channel or set-
tlement of the embankment.

To reduce unnecessary earth excavations, depth can be less at the upper end of the channel so
that the water will move at a slower velocity but the channel will fill to about the same capacity. In
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practice, it is usually easier to make the same dimensions throughout. If a large is estimated, the
catchment area should be sub-divided and several diversion ditches made so that none is carrying
an excessive amount of water.

2.3.6 Channel lining and stability

A grass lined channel is more stable than an earth lined channel. Crass resists scouring but it slows
down the flow of water and encourages deposition. If it grows tall it can block the channel. Broad
shallow channels are usually lined with creeping grasses whereas narrow and deep channels are
more likely to be earth lined. In areas of small-scale farming, the channels are usually narrow and
dug into the subsoil so that condition ate not suitable for a grass lining and the design should be
based on the assumption that the lining is of earth.

2.4 Layout and construction

Diversion ditches can be laid out with a line level or quickset level. The layout should start from
the outlet end and stakes placed along the proposed diversion. In smallholder farms, the diversion
ditch sometimes crosses several farm holdings and it is to survey the alignment across a number
of fields wherever possible. The design and layout should conform to the principles of catchment
planning and the farmers should be involved at all stages.

The diversion ditch should be constructed before the land downhill is terraced. Construction
should start from the outlet end. The time taken to excavate a given volume of earth for a diver-
sion ditch depends on the type of soil, soil moisture content and size of cross-sectional area of the
ditch. It is more difficult and expensive to dig clayey soil than sandy soil. Generally, it would take an
active person about 8 hours of hard work to excavate 3 to 4 m’ of soil. The embankment is usually
compacted and stabilised with grass planting.

The excavated soil from the ditch is placed on the downhill side to form the embankment. The
embankment helps to further increase the capacity of the diversion ditch. A berm measuring about
15-30 cm (strip or ledge) is left between the embankment and the channel in order to prevent slid-
ing of the soil. A good grass cover is then established on the embankment, and a strip of grass,
alloy, and sisal planted along the upper edge to prevent the inflow of sediment.

2.5 Retention Ditches

Retention ditches, also called infiltration ditches, are larger ditches designed to catch and retain all
incoming runoff for infiltration into the soil. They operate like contour furrows, increasing the
supply of water made available to crops planted in and adjacent the ditch, while also reducing soil
erosion. However, they handle much more water. Retention ditches are in essence water harvest-
ing and conservation structures. They are commonly used as an alternative to diversion ditches if
there is no places to discharge runoff or if there is a need , as in semi —arid areas, to harvest water
, e.g. for bananas. The ditch should have all the impounded water infiltrated within 48 hours to
avoid any water logging of the surrounding areas

Retention ditches are normally constructed on relatively flat areas with closed ends and wide and
deep enough to hold all the runoff expected. They are often found on steep slopes in humid area
under small scale farming where there is no opportunity to discharge runoff to a waterway. Reten-
tions ditches can be useful where soils are permeable, deep and stable. However, retention ditches
are not recommended for areas with shallow soil, those prone to land slides or where soil salinity
is a possibility.

Retention ditches should be sited very close to the contributing catchment area. When used on
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sloping cropland in humid areas to stop runoff, the spacing can be based on the usual terrace
spacing formula. However, retention ditches in dry areas are often made for harvesting water from
roads or tracks and the location of such ditches will be specific to the site. In this situation, the
areas of the catchment should be estimated and the volume of runoff calculated.

When constructing the ditches, the soil is thrown to the lower side to form an embankment that
prevents soil from falling back in. This structure can be stabilised further by planting grass on it.
On soils with lower infiltration rate, or on slopes, the ends can be left open to allow excess water
to drain out. Retention ditches are commonly used in semi-arid areas for growing crops that have
high water requirements, such as bananas. They should be used on lighter, free draining soils that
are deep, stable and not prone to landslides.

2.6 Management and maintenance

Diversion ditches and retention ditches should be well managed and kept on best working condi-
tions. The agronomic and land husbandry activities on the farm is also necessary to stabilise the
embankment with grass and to plant a strip of grass along the upper side of the ditch in order to
reduce sedimentation . Retention ditches may be necessary but they are no substitute for good land
husbandry.
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3. TERRACES
3.1 What is a terrace?

A terrace is a broad term to include all types of structures made across a slope for the purpose of
soil and water conservation. However, there are many definitions by various authors as to what
constitutes a terrace. One simple definition describes a terrace as “a more or less change in slope profile
with a reduction in gradient of the planted zone”. Thus, reducing slope steepness and/or length is also re-
ferred to as terracing (Figure 3.1). A more elaborate definition describes a terrace as “a unit consisting
of a relatively steeply faced structure across the slope (referred to as a riser, bank, dyke, ridge, wall or embankment),
that supports above it a relatively flat terrace bed (which may be either flat, or sloping backwards or forwards and may
slope laterally)”. In general, all structures, whether constructed or implemented as agronomic prac-
tices, but which alter land steepness constitute a form of terracing. Techniques like construction of
ditches, earth and some stone bunds, and vegetative barriers are normally defined as soil and water
conservation (SWC) structures and are primarily promoted to reduce soil erosion. But terraces are
made for various purposes such as for erecting buildings on sloping land, developing public areas
like stadiums, in landscaping, and even a simple staircase is a terrace. Thus, for agricultural purpos-
es, a terrace can be desctibed as “a piece of land whose slope steepness and/ or length has been reduced by either
construction works or by creating barriers across the slope, so as to absorb and/ or reduce surface runoff”.

Figure 3.1 Terraces reduce slope steepness and slope length (photo by |. Gassasira)

3.1.1 Functions of a terrace

The word terrace is sometimes used to refer to the structure itself, sometimes to the land between
the structures and sometimes to both together. The change in slope of the cropped area may be
minor, as with a fanya juu terrace, or major as with bench terraces. A common feature of all terrac-
es is that they involve a more or less permanent change in slope profile. Terraces normally have a
ridge or embankment of earth or stone which may or may not be combined with a channel. Thus,
the functions of a terrace include:

e On sloping lands, terracing reduces overland flow rates thereby reducing soil erosion.
Terraces increase the infiltration of water and thus conserve moisture.
They help to retain nutrients of the land thus boosting soil fertility —less fertilizer use
Terraces can be used to drain away excess floods safely
They re-shape the slope profile to make other agronomic activities, e.g, mechanised agricul-
ture possible
e Although terraces are normally to be used on cultivated lands, they can be on grasslands if
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the land is badly eroded.

e Terraces are of value on practically all soils except those that are too stony, sandy or shallow
to permit practical and economic construction and maintenance.

e In drier areas the construction of terraces even in gentle sloping lands would be essential
to enable water retention.
The grass grown on terrace banks is used as animal feed
Terraces increase the overall productivity of agricultural lands.

3.12 Limitations of terraces

Construction of terraces can be labour intensive, and even expensive.

Terracing may increase the risk of landslides in high rainfall areas

Sometimes, lack of a suitable outlet may lead to erosion of areas adjacent terraces

They require technical expertise to plan and construct.

Terraces result in increased infiltration which can cause high water pressure in the soil pore
and collapse of terrace embankments on unstable soils.

e Terraces is not advisable to terrace lands with very gentle slopes (except where water reten-
tions is required) also on very steep slopes or where the topography is very irregular.

3.2 Design of terraces

Terraces are usually designed to re-shape the slope profile, by reducing the slope steepness and
length. This requires the calculation of the most opportune terraces spacing. The right terrace
spacing should enable effective functioning as in reducing soil erosion to a minimum. If the spac-
ing is too wide, soil erosion continues to occur, and if too close, the construction is unnecessarily
expensive.

3.2.1 Criteria for good terrace location

Terracing is achieved when long slopes are broken with earthworks installed across the steepest
slope to intercept the surface runoff. Terrace earthworks consist mainly of two parts:
(1) an excavated channel, and

(i1) a bank or ridge on the one side (either uphill or downhill) formed with the spoil from
the excavation. Sometimes the spoil is spread over the land to create a level or neatly level
steeped terrace as in bench terracing.

The planning of a terrace system should be coordinated with the water management system for the
entire farm, giving adequate consideration for proper land use. Wherever possible, adjacent farms
having fields in the same drainage area may consider joint terracing system. The following factors
are considered for selecting terrace location:

e Farm orientation in relation to agricultural operations, cropping patterns and ease of farm-
ing operations
Identify location of terraces where there would be minimum maintenance requirement
Reasonable investment cost
Adequate control of erosion
Availability of outlet for discharging excess flows, especially in the case of graded terraces
Better alignment of terrace can usually be obtained by placing the terrace ridge just above
eroded areas such as gullies and abrupt change in slope
Location of roads, fences and other infrastructure in relation to the terraces
Top terrace should be laid out first, starting from the outlet end
Top terrace should be propetly located so that it will not overtop and cause failure of the
other terraces below.
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Terraces are more effective when used in combination with other practices, such as proper agro-
nomic and vegetative practices. Contouring and strip cropping are the best techniques to be used
with terracing;

3.2.2 Determining terrace spacing

The amount of runoff carried by a terrace is calculated through any of the methods discussed in
Chapter 1. The capacity of channels in terraces can be calculated using Manning’s Equation also in
Chapter 1. For simple terraces such as fanya juu terraces, the general formula for terrace spacing is
determined as follows:

V1 = (% slope+2)*0.3
4

Where
VI = Vertical interval between terraces in meters

The vertical interval can be converted to the horizontal interval using the formula

HI = VI x 100
% slope

Where:
HI =horizontal interval between consecutive terraces in metres.

Terrace spacing can be adjusted and made wider where agronomic practices are well practised. For
instance, the spacing of narrow-based and broad channel terraces can be increased by 25% or even
50% if there are high standards of soil and crop management. Also, a farmer who practices con-
servation tillage could space terraces further apart. However terraces will help to protect the land
during periods of exceptionally heavy rainfall and their importance as a safety measure should not
be underestimated. Spacing them too widely can lead to failure.

3.2.3 Graded and contour terraces

There are different types of terraces based on the design and shape of the channel and the ridge.
Regardless of type, all terraces fall into two categories:
(1) Graded terraces and

(i1) Contour terraces.

Graded terraces

A graded terrace is one made with a gentle slope in the longitudinal direction. Such gradients range
about 0.25% to 1%. Graded terraces are designed for high rainfall areas, and are meant to dispose
surplus runoff gently off the arable land at non-erosive velocities to a place where it can be safely
discharged such as an artificial waterway. Since water is allowed to leave, graded terraces may have
lower embankments and/or channels. Graded terraces are open ended and designed where a suit-
able waterway can be located.

Contour terraces

A contour terrace, also called /level terrace or absorption ferrace, is one which is constructed on the
contour, meaning it flat and without a slope along its length. It is made to holding the water on
the terrace bed so that it infiltrates into the soil. Contour terraces do not require an outlet and are
therefore closed at both ends. The terraces are made with higher embankments and bigger chan-
nels in order to retain all the water falling on the bed. Contour terraces are suited to dry areas for
water conservation.
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3.2.4 Stabilising terrace banks:

Terrace embankments are normally stabilised with grass and the suitability of different grasses for
the risers is the same as that grass strips (see training Manual 4). The grass grown on terrace banks
is used for fodder thereby increasing the productivity of the terrace. Useful grasses species include
Napier grass (pennisetum purpurenns) signal grass (Brachiaria decumbens) or donkey grass (panicum tricho-
cladum) for humid areas. In dry areas where some grasses may not survive, but drought grasses like
makarikari grass (panicunm: colouratum var. makarikaririensis), guinea grass ( panicum maximuni) or verti-
ver grass provide a better choice for stabilising terraces

3.3 Types of terraces

Terraces can be directly constructed or developed over the long term through natural sedimen-
tation. Some of the more common terracing technologies used by smallholder farmers include
contour bunds, fanya jun terraces, bench terraces, stone lines, trash lines and vegetative barriers. The
vegetative and agronomic methods of developing terraces have been covered in Training Manual 4
of these series. For the purpose of this manual, the terraces described are grouped into four main
categories:

(1) Channel terraces,

(11) Progtessive terracing,

(111) Excavated bench terraces, and

(iv) Intermittent terracing,
The types of terraces under each of these categories are further described here below.

3.4. Channel terraces

This is a broad category of terrace types involving earth bunding, whereby a channel is created on
the upslope while the embankment/bund is on the down slope. Most channel terraces are made
for discharge of excessive runoff, and are thus graded. They are suited to high rainfall areas, and
are preferred for gentle slopes. The main advantage of channel terraces is their function to dis-
pose water. However, soil erosion may continue within the terrace to be deposited in the channel,
thereby losing soil nutrients from the land. For this reason, he intra-terrace slope should be very
low, and not exceeding 3% slope. Also, another limitation is that channel terraces do not facilitate
formation of a bench terrace.

3.4.1 Contour Bunds

Contour bunds (or contour ridge terraces) are soil conservation structures that involve construc-
tion of an earthen bund by excavating a channel and creating a small ridge on the downbhill side.
The difference with contour earthen bunds used in water harvesting (see Training Manual 1) is in
the fact that contour bunds for SWC are used for draining excess runoff from steep cultivated
slopes. Thus contour bunds resemble narrow channel terraces, which in Kenya are referred to
as “fanya chini”’ terraces - meaning “do it downwards”. Contour bunds are used for prevention of
flooding and erosion control. They are popular in the high rainfall plateau areas prone to seasonal
water logging during the rainy season, or where drainage of excess runoff is a priority. Contour
bunds are usually designed with a standard 1 m vertical interval. They are constructed manually but
sometimes, tractor or animal drawn bunding equipments are used.

3.4.2 Broad-based channel terrace

A broad-based channel terrace is one made with the excavated channel being upslope and the spoil
used to create the bund down slope. The main distinguishing feature is that a broad-based channel
terrace has a wider and shallower channel, and a broader and flatter embankment on the downhill
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side. It is meant to drain away excess runoff from cultivated lands. Channel terraces is construct-
ed by machinery and is suited to mechanised farms on land having very gentle slope, particularly
growing small grain crops like wheat and barley. Thus, it is designed to be crossed by machinery.
It is suited to high rainfall areas having low intensity storms. The embankments of broad-based
terraces may be worn down during cultivation and should be rebuilt on a regular basis. Cultivation
should fallow the alighment of the terraces.

3.4.3 Narrow-based channel terrace

A narrow-based contour terrace is also graded channel terrace but having a steep-sided bank,
often constructed by machinery such as a road grader. Thus, it cannot be crossed by tractors and
implements, and is sited on relatively steeper slopes. This type is commonly used when protection
is only required for short periods. It is a variation of a contour bund, in which the soil is thrown
downhill, and is sometimes called “fanya chini” (Figure 3.2). The embankments of narrow-based
terraces should be planted with grass and the species recommended for grass strips can be used.
The channel should normally be cultivated and planted along with the rest of the field to avoid
wastage of land but on some large farms both the channel and the embankment are left in grass.

Figure 3.2 (a) Sketch of a “fanya chini” (b) A “fanya chini” terrace with grass on
terrace embankment (photo courtesy of Faith Muthoni)
3.4.4 Ridge terrace

A ridge terrace (also called Mangum terrace) is a variation of channel terrace in which the earthen
embankment is built up from both sides, thus creating a ridge. The soil excavated from the uphill
side and used for building the ridge serves a double purpose- the channel is excavated and the
embankment is raised. The soil from the lower side simply helps to raise the bank. Broad- based
contour ridges have a wide, low bank and a shallow channel with gently sloping sides. They are
intended to be easily crossed by tractors and implements, so that row crops continue over them
without interruption.

3.5 Progressive terrvacing

Progressive terracing involves of construction of barriers at intervals across the slope without
the physical re-shaping of the land. The barriers block runoff flows to facilitate bench formation
through natural processes of intra-terrace erosion and sedimentation. Such structures or bunds
are created using earthen bunds, stones, crop residues, grass strip or vegetative buffers. The idea is
to end up with bench terraces developed over time without having to move large volume of soil.
Thus, progressive terraces function by slowing down runoff to allow sediments eroded from the
intra-terrace area to be deposited uphill of the barrier. That way, no soil is lost within the intra-ter-
race space, but instead it builds up through the natural processes of erosion and deposition even-
tually becoming a bench terrace (Figure 3.3).
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After 1 year:
small volume of soil deposited above the bund

After 2-3 years:
Bund retains much soil - The terrace needs to be upgraded

Establish grass stabilization
Do not plough too close
to the wall

After 5 years:
The bench is formed - no more erosion

Figure 3.3. Illustration of the development of progressive terraces from stone terraces

Progressive terraces can be made on the contour and closed at the ends to allow conservation of
all water n-situ. In areas requiring drainage of excessive rainfall, the terraces can be graded to allow
excess runoff to leave at non-erosive velocities. Whether graded or on the contour, all soil material
should be conserved and not allowed to leave the terrace. The methods of progressive terracing
with vegetative material (trash lines, grass strips, vegetative buffers) has already been discussed
elsewhere (see Training Manual 4 of these series) and will not be repeated here. Therefore, only the
structural methods of progressive terracing are discussed here.

3.5.1. Fanya Juu Terraces

Fanya jun terraces (sometimes called converse terraces), are earthen bunds created by (figure 3.4), are
made by digging a trench about 60 cm wide along the contour, and throwing the soil upslope to
form an embankment. This effectively reduces slope-length, and hence soil erosion from steep
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croplands. In some cases, enlarged embankments are made to allow ponding of harvested runoff
and, therefore, the structure can be used in water harvesting systems having external catchments.
The soil bund retains water and thereby, safeguards yields even during droughts.

The cross-sectional profile of a fanya juu terrace comprises an embankment to impound watet, soil
and nutrients, a storage area above the embankment to prevent overtopping by runoff and a berm
or ledge to prevent the embankment soil from sliding bank into the trench. The trench below the
embankment may or be retained. A Fanya juu terrace is often the first stage in the development of
a bench terrace.

fruit tree

S aeh

ﬁ?ips
% % g !E :I:Oﬁm embarkment

Figure 3.4 (a) Sketch of a fanya juu terrace

(b) Fanya juu terrace with banana
in channel (photo by B. Mati)

Fanya juu terraces are suitable on slopes with annual rainfall of 500-1,000 mm. Planting grass, trees
and bushes along the terrace banks stabilises the bunds, while contributing to productivity and bio-
diversity such as fodder, fuel and fruits. The bunds gradually become enlarged as soil is transported
downwards and deposited upon them. Within a few years, a terrace is developed through natural
processes of erosion and deposition.

Some farmers prefer to enlarge the trench from which the soil has been dug and use it as a reten-
tion ditch for planting tree crops such as bananas. This channel, which should be left to disappear
but sometimes, it is used to runoff harvesting by diverting surfaces flows from roads and other
surfaces directly into the channel. Sometimes, the soil used to build up the fanya juu bund is ob-
tained from a shallower but wider area, and the ground leveled so that the whole area between the
terraces can be cropped in the same way.

Fanya juu terraces are popular in smallholder farms particularly in semi arid areas where they are
quite effective in conserving moisture and nutrients. They are applicable in areas where soils are
too shallow for level bench terracing and on moderately steep slopes (e.g. below 20%) They are not
suitable for stony soil. They normally develop into out ward sloping bench terraces after a few years
depending on the amount of soil which moves down slope and lodges above the embankment.

Design of Fanya juu terraces

Fanya juu terraces are made with the intention that they should gradually develop into bench ter-
races. The spacing i is designed as discussed in Section 3.3. The terrace can be graded at 0.04 % to
discharge runoff but where have proved most useful, in the semi-humid and semi-arid areas; they
are normally made with zero gradients, i.e. level from end to end. The general requirements for
terraces spacing, trench excavation and labour requirements are provided in Table 3.1.
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Table 3.1 Fanya juu terrace: Typical dimensions and labour required for different situa-
tions

5 1.00 20 0.50 050 [0.25 32cm 29cm 26 cm 8.3 42

10 0.55 0.55 10.28 37cm 34cm 30 cm 9.3 66

15 1.35 14 0.60 0.55 |0.33 41 cm 38cm 33cm 11.0 91

20 1.73 12 0.60 0.60 |0.36 41cm 37cm 33cm 12.0 133
1.80 9

Note.

The figures for terrace spacing are based on the terrace spacing with a VI of 1.8 m which allows
the terraces to develop into level benches in time. The dimensions of the trench are typical but can
be varied to suit local conditions. The labour required is based on an assumption that one person
can dig 3 m’ per day (Source Thomas, 1997).

Construction and maintenance of fanya juu terraces

The construction of fanya juu terraces is labour intensive and involves digging a trench on the
contour and throwing the soil upslope to form an embankment. Construction is carried out after
laying out pegs on the contour, or at a gradient, as required. A berm of 15cm to 30 cm is left to
prevent the embankment soil up slope to form an embankment, which should be stabilised with
grass. The excavated trench should be as narrow as possible to reduce wastage of cultivated land.
Where the trench can be used for planting tree crops such as bananas, it should be wide enough
to accommodate the crop. The embankment should be planted with perennial grass to stabilise it.

3.5.2. Stone Lines

In areas where stones are plentiful, stone bunding is a simple and cost effective terracing technique,
used for both soil conservation or for runoff harvesting. Stones are arranged in lines across the
slope to form a small bund (Figure 3.5). As stone lines are strong and permeable, they slow down
runoff rate, filter it, allowing eroded sediments to settle above the bund. Excess runoff slowly
filters through to spread over the field, thus enhancing water infiltration and reducing soil erosion.
Stone lines are suitable on all slopes but are more popular in areas receiving 200-750 mm of annual
rainfall. In design, they are usually spaced according to the general principles of determining ter-
race spacing as described in Chapter 1. However, on steep slopes, stone lines can be spaced about
15-30 m apart, and reinforced with earth or crop residues to make them more stable

The lines are constructed by making a shallow foundation trench along the contour. Larger stones
are then put on the down slope side of the trench. Smaller stones are used to build the rest of the
bund. When it rains, soil builds up on the upslope side of the line, and over time a natural terrace
is formed. Like other methods of progressive terracing, stone lines can convert sloping land into
level bench terraces through the natural process of erosion and deposition.
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Figure 3.5 Stone lines laid on the contour to create terraces (photo by B. Mati)
Stone lines are often used to rehabilitate eroded or abandoned land by trapping silt and are popular
in dry stony areas. However, they may provide a refuge for rodents, snakes, scorpions and other
vermin. Even then, stone lines are a more sustainable method of terracing than many of the earth
moving techniques. The stone bund must be regularly maintained to prevent runoff creating chan-
nels between the stones.

3.5.3 Stonewall terracing

Stonewall terracing involves using large stones and rocks to erect a stone wall across a slope, thus
creating a terrace (Figure 3.6). Ideally, the stone wall should not be air-tight, albeit in certain in-
stance a concrete wall is built. This is so that the structure allows excess water to flow through while
retaining the sediments in the upslope side. Thus, the slope of a cultivated hill, valley or streambed
is gradually transformed into a chain of level bench terraces. Stone wall terraces can also be used as
run on areas (receiving area) in water harvesting system and spate irrigation systems. The method
is suitable for conservation of soil in unstable slopes, e.g. those prone to landslides or very steep
hillsides. The method can be quite expensive. The main advantage is that the structure can be quite
resilient and effective even with excessive floods and such as typhoons.

Figure 3.6 (a) Cross-sectional view of a stone wall (b) Stone wall terrace with sorghum
terrace crop (photo by B. Mati)

3.6 Excavated Bench Terraces

Bench terraces (or hillside terraces) are made by re-shaping a steep slope to create a series of flat or
nearly flat ledges or beds, separated by vertical or nearly vertical walls between the ledges (Figure
3.7). Bench terracing therefore achieves the desired slope gradient immediately on construction.
They are made on very steep slopes where other methods, such as progressive terracing, would
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be inadequate to control runoff or reduce erosion. Sometimes bench terraces are also made to
achieve optimum water conservation in dry areas. Due to the high labour demand, bench terrac-
es are usually made for high-value crops such as irrigated vegetables and coffee.

Figure 3.7 (a) Sketch of excavated bench (b) Excavated bench terraces with ver-

terraces tical riser (photo courtesy of |.J. Mubinda)
Like with all terraces, the embankment of a bench terrace should be stabilised, usually by planting
a close-growing grass or grass sods. But in certain cases, the terrace riser may be stabilised with
stones, or infrequently with brick, masonry or timber. Bench terrace risers usually have a uniform
slope which varies with the soil type and the method of stabilisation, e.g. whether grass or stones.
Risers of 1 m height can be quite stable on clay loams where they can be made nearly vertical but
if they are 2 m high an angle of 70-80"would be advisable. Sandy soils make terrace risers unstable,
so the embankment should catry an angle of 50-60"inclination. These ratios may be adjusted de-
pending on soil stability and method of stabilising the riser (e.g. grass or stones).

Bench terraces may be constructed on the contour, to minimise runoff or with a slight gradient
to allow for drainage of excess flows. The main problem is how to discharge any surface runoff
down the steep slope without causing erosion damage. Grassed waterways may be used where
feasible. When bench terraces are used for cultivated crops, each bench should be as wide as
possible. Bench terraces can be used on slopes of up to 30(55%) provided that the soil are deep
enough and stable enough.

Due to the high cost of construction, excavated bench terraces are recommended where
The crop to be grown has a high cash return,

The effective depth of soil is at least 1.5 m,

It is essential to cultivate steep slopes, and

Other physical soil measure is not adequate to protect the crop.

Construction of excavated bench terraces

Bench terraces are usually constructed with hand tools. The terrace spacing is first laid out using
a line level or quickset level. The layout should be done in a sequence starting from the top of
the field. In order to avoid a drop in fertility, which can occur if topsoil gets buried and subsoil is
brought to the surface, the first step is to isolate the topsoil to the centre line between the terraces.
Then the subsoil is excavated and levelled. Finally, finally the topsoil is returned to the surface. Also,
when constructing the terrace risers, they should be compacted with the back of the shovel. The
risers should be stabilised with grass planting or packed stones.

Bench terraces can be sub-divided into level bench terraces, reverse (inward) sloping bench terraces
and forward (outward) slopping bench terraces (Figure 2). Level and reverse sloping bench terraces
are very effective in controlling erosion on steep lands as compared to forward sloping bench ter-
races. They can be used on slopes up to 50% provided that the soils are deep and stable enough.
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3.6.1 Level bench terraces

Level bench terraces are those made with a flat or 0% slope gradient within the ledges, albeit he
risers can be vertical or nearly vertical (Figure 3.8). They are the ultimate way to conserve soil and
water on a steep slope. To achieve the flat level on the bench requires a lot of earth moving and
labour. Level benches are made for almost all crop types and rainfall patterns. If the benches are
wide enough, they can be cultivated using machinery. The terrace spacing for level bench terrace is
calculated based on slope steepness to achieve the required vertical interval.

The level bench terraces are used in the areas which receive medium rainfall and have highly per-
meable soils. Since the soils are highly permeable, therefore it is expected that most of the flowing
surface passing through these terraces are absorbed by the soil.

Figure 3.8 (a) Sketch of a level bench terrace (b)Level bench terraces on a very
steep slope (photo courtesy of |.]. Mubinda)

3.6.2 Step Bench terraces

Step terraces are narrow bench terraces made on very steep slopes, e.g. 40%, designed to fit one or
two rows of tree crops. The idea is to create a bench for each tree row, thereby achieving a closer
spacing, which makes them look like “steps”. The height of rise is about 1m and they are spaced
horizontally about 5-10 m apart depending on the expected size of the trees or a few crop rows
(Figure 3.9).Step terraces are sometimes easier to build since less volumes of earth are moved. Step
terraces are used for fruit trees, tea, coffee, grape vines and other horticultural crops.

Figure 3.9 (a) Sketch of step terrac- (b) Step terraces with bean crop and grassed
es with tree crop banks (photo conrtesy of ].]. Muhinda)

3.6.3 Forward-sloping bench terraces

Forward-sloping bench terraces are bench terraces but constructed with the intra-terrace space still
having a slight slope in the same direction as the predominant slope (Figure 3.10). They are made
this way to reduce the slope steepness, while using less labour required in excavation of benches.
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They may also be made where soils are too shallow for proper level bench construction. Thus, they
function like progressive terraces, since some erosion could still occur within the terrace space.
The main advantage is the reduced labour during construction. The main limitation is likelihood of
continued soil erosion. Otherwise the banks of forward sloping bench terraces should be stabilised
with grass and maintained, to encourage the formation of a level bench in the long run.

Figure 3.10 (a) Sketch of forward sloping (b) Forward sloping bench terrace on a
bench terrace hillside (photo by B. Mati)

3.6.4 Reverse-slope bench terraces

Reverse-slope terrace (sometimes referred to as radical terracing), is a bench terrace that has an in-
tra-bench slope of about 2-3 percent on the bed in the opposite direction. It is made for water con-
servation as any excess runoff flows back upslope towards the riser within the bench (Figure 3.11).
It also has a raised riser that can be up to 2 m high. The terrace is designed that way for optimum
retention of rainfall. It is suited to dry areas, where the need for water conservation may mean that
farmers have to “overdo” bench terracing so that they acquire a reverse-slope bench. Such a bench
terrace is sometimes combined with water harvesting from an external catchment, e.g., a road, to
optimise the increased storage space. The larger capacity and, the fact, that water is ponded on the
upper side ensure stability of the structure. Despite the high labour demand, reverse-bench terrac-
ing in the dry areas offers a drought mitigation strategy.

Figure 3.11 (a) Sketch of reverse slope bench (b) Newly constructed reverse slope
terrace bench terrace (photo conrtesy of ].]. Mubinda)

3.6.5 Irrigation terrace

Farming on steep slopes sometimes requires irrigation of such crops using surface methods. Thus,
an irrigation terrace is designed which is really a level bench terrace having a raised lip at the outer
edge to retain irrigation water. Irrigation terraces are used mostly for the production of rice, and
to a lesser extent for tea, fruit trees, and other high value crops. For paddy, the terraces are also
level along their length, so that each becomes a flooded shallow pond. In areas where intermittent
water application is needed, there can be longitudinal gradient similar to that for border irrigation,
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to allow the water to flow across the terrace.

3.7 Intermittent terraces

Intermittent terracing involves construction of small bench terraces in which only part of the
slope is re-shaped, to create a level or nearly level space, leaving the rest of the slope in its natural
condition

3.7.1 Hillside ditch

A hillside runoff system comprises a small hillside ditch/channel dug across the slope in a hilly
area, but the channel is graded to allow the water it collects to be diverted to flatter cropped field’s
down-slope. The fields are levelled and surrounded by earthen bunds so as to retain the inflow.
Spillways are used to drain excess water from one field o the next. Several feeder ditches can be
constructed and the distribution system made into a pattern of fields resembling a conventional
check basin irrigation scheme. Hillside runoff systems are useful for utilising runoff from bare, or
sparsely vegetated, hilly or mountainous areas.

3.7.2 Orchard terraces

An orchard terrace is a variation of step-bench terraces, whereby a small level or reverse—slope ter-
races bench is constructed to accommodate a row of trees leaving the land in-between fallow and
un-terraced. It is suited to fruit tree orchards on steep slopes, where tree spacing is relatively wide.
On such a farm, the construction of ordinary bench terraces would involve too much earth moving
an unnecessary labour. The orchard terrace is thus an intermittent form of terracing designed to
save labour and cost (Figure 3.12). It works by slowing down runoff to infiltrate around the tree
area, and any excess is dissipated onto adjacent uncultivated areas. The steep uncultivated space
between the tree rows is protected by the natural vegetation, particularly grass. Orchard terraces
are also used on soils which are too shallow, or land slope too steep, and where bench terracing
may not be practical. The intervening land has a permanent cover of grass, which can be cut for
livestock fodder.

Avocado

CHARACTERISTICS
Plate size: 1.5m (diameter)
Slope:  15cm (10%)
Slopeof: 0.75:1

Figure 3.12 (a) Sketch of a single tree (b) Sketch of orchard terrace with rows of
orchard terrace tree crops

3.8. Management and maintenance of terraces

e To stabilise newly constructed soil bunds a good vegetative cover should be established as
soon as possible. This should be done during the first rainy season, and particularly in the
first few seasons they should be carefully protected from livestock.

e Regular maintenance of terrace risers is required to prevent soil erosion. The bunds must
be maintained whenever they tend to break.

e In the case of progressive terraces, the bund height is increased annually until bench ter-
race is developed.

e Where embankments are used for fodder grasses, periodic application of manure or fertil-
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izer helps to maintain productivity.

e Regular cutting of the grass is required to prevent excessive competition or interference
with the crop.

e Livestock grazing should not be allowed on terraced cultivated lands. Instead, cut and carry
systems should be used as an alternative.

e Stabilisation of terrace banks demands the selection of proper species to plant on the

bunds.
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4. ARTIFICIAL WATERWAYS
4.1 What is an artificial waterway?

An artificial waterway (or grassed waterway) is a broad, shallow channel, normally planted with
short, closely growing grass, and used for disposal of concentrated flows at safe velocities. They
are usually made where excess surface runoff must be disposed off, particularly from cutoff drains,
terraces and other structures. Artificial waterways can be natural or constructed, in which case
they are graded and shaped to form a smooth, shallow drainage-way (Figure 4.1). Most artificial
waterways are designed to run up-and-down the predominant slope, and are thus connected to
other soil and water conservation structures so as to receive excess flows from across fields for
disposal without causing soil erosion. Since they carry large volumes of runoff, artificial waterways
are sometimes fitted with erosion control structures, such as small check dams or drop structures,
especially on steep slopes or if the risks of erosion damage are high. They are suited to high rainfall
areas, but may be constructed in semi-arid zones where high runoff flows could cause damage to
other conservation structures.

Figure 4.1 Sketch of grassed artificial (b) Grassed artificial waterway in cropped
waterway land (photo by B. Mati)

4.2 Functions of an artificial waterway

The main function of an artificial waterway is to act as a safe conduit of excess runoff
flows from other conservation works on a farm. It is therefore a water conveyance struc-
ture more or less like a canal, and can have several inlets and at least one outlet. Waterways
are also used to drain runoff safely from hill slopes to valley bottoms where it can join a
stream or river. Artificial waterways re required where other conservation structures e.g.
terraces, cutoff drains are also graded. The grass lining increases channel roughness, which
enables runoff to slow down, causing deposition of sediments, and subsequently reducing
channel erosion. The grass in the channel also traps the sediment washed from cropland,
thus absorbing some chemicals and nutrients in the runoff water. Thus, artificial waterways
can play a great role in the reduction of pollution of downstream water resources as well as
sedimentation of infrastructure such as dams. They also facilitate soil and water retention
within the farm.

In addition to their role as a measure against erosion, waterways can have significant con-
tribution in the collection and conveying of runoff water to a storage location. If aligned
along a pervious formation, they could serve as a means of recharging the ground water.
However, the construction of artificial waterways in smallholder farms is limited by lack of
space as they require ample width.
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4.3 Design of a artificial waterway

The main factors to be considered when designing waterways are: discharge capacity, permissible
velocities of flow down the channel, the slope gradient, shape and size, channel lining and rough-
ness, freeboard, type and location of a suitable outlet.

4.3.1 Discharge capacity

The design capacity of a waterway must be adequate to accumulate all discharge from the other
structures. It is thus designed to have a velocity that will not cause either scouring or silting. The
dimensions of a waterway depend on the expected discharge calculated in cubic meters per second.
The capacity of a artificial waterway should accommodate the peak runoff flows expected from
a storm of 10-year frequency, 24-hour duration. This is estimated in exactly the same way as for
diversion ditches (see chapter 2). The design flow volume, is equivalent to the channel peak flow
rate (m’/s) or discharge through the outlet, and is determined using Manning’s equation below:

R is the hydraulic radius for the depth of flow (m),
S is the slope of the channel segment (m/m),
A is the cross-sectional area of the waterway, and
N is the Manning’s coefficient for the channel section.
The cross-sectional area of the channel can be calculated as follows:

A=q/v

where v is the maximum permissible velocity (m/s
The depth of channel is determined by channel shape as follows:
For patrabolic section, the design depth (d) = 1.5r; while the design to width (w) = A/0.67d;
The capacity of a parabolic channel may be calculated using the formula:

q = Av = 0.67(wxdxv)

The estimate of discharge should be based on the peak flow at the outlet end of the water-
way rather than the amount expected at the inlet, which is usually less. The design width of
an artificial waterway increases rapidly with increasing discharge and/or slope in order to
avoid scouring and erosion. The width can be reduced if stone is combined with grass, as
indicated on the right of the table. If land is scarce and/ ot steep, narrow waterways lined by
brick, stone or masonry will be needed. The estimate of discharge should be based on the
peak flow at the outlet end of the waterway rather than the amount expected at the inlet,
which is usually less. Some recommended dimensions for artificial waterways for different
situations are presented on Table 4.1. The design width of an artificial waterway increases
rapidly with increasing discharge and/or slope in order to avoid scouring and erosion. The
width can be reduced if stones are combined with grass as indicated on Table 4.1. If land
is scarce, narrow waterways lined by brick, stone or masonry will be needed
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Table 4.1 Permissible velocities on waterways for various slope and lining conditions

Ground slope and type of waterway lining
. . 5% 10% 15% 20% 30%
Design velocity
Close grass | Close grass | Close grass | Grass/ stone | Grass/stone
2m/s 2m/s 2m/s 3m/s 3m/s
Discharge
0.2m?/s
Depth (m) 0.40 0.24 0.18 0.26 0.19
Width (m) 0.65 1.10 2.30 0.67 0.91
Area (m)’® 0.13 0.13 0.13 0.08 0.08
0.50 m*/s Depth
(m) 0.40 0.24 0.18 0.26 0.19
Width (m) 1.30 2.20 443 1.34 1.82
Area (m)? 0.25 013 0.25 0.17 0.17
0.75 m?/s
Depth (m) 0.40 0.24 0.18 0.26 0.19
Width (m) 1.96 3.30 6.73 2.01 2.73
Area (m)? 0.38 0.38 0.38 0.25 0.25
1.00 m?/s
0.40 0.24 0.18 0.26 0.19 :I
Depth (m) 2.61 439 8.86 2.68 3.63 Q
Width (m) 0.50 0.50 0.50 0.33 0.33 =
Area (m)? =
1.25 m%/s q%
Depth (m) 0.40 0.24 0.18 0.26 0.19
Width (m) 3.27 5.49 11.16 3.35 4.54 z
Area (m)® 0.63 0.63 0.63 0.42 0.42 QL
1.50 m*/s g
Depth (m) 0.40 0.24 0.18 0.26 0.19 o
Width (m) 3.92 6.59 13.28 4.02 5.45 —
Area (m)? 0.75 0.75 0.75 0.50 0.50 L
1.75m?/s
Depth (m) 0.40 0.18 0.18 0.26 0.19
Width (m) 4.57 15.58 15.58 4.69 6.36
Area (m)? 0.88 0.66 0.66 0.58 0.58
2.00 m?®/s
Depth (m) 0.40 0.24 0.18 0.26 019
Width (m) 5.23 8.79 17.71 5.36 7.27
Area (m)? 1.00 1.00 1.00 0.67 0.67

Source: Thomas, 1997
4.3.2 Channel shape and gradient

Artificial waterways are of various shapes (e.g. trapezoidal, parabolic, rectangular or V’ shaped) de-
pending on the discharge expected and the material used for stabilisation, i.e. whether grass, stone,
masonry or concrete. They are designed with a short, wide bank on each side to contain the water.
Grass-lined waterways are usually designed with a parabolic shape, whereas stone-lined waterways
may be parabolic or trapezoidal. Waterways constructed from masonry or reinforced concrete can
be made rectangular in shape.

The slope of a waterway is normally the slope of the land at right angles to the contour. Waterways
running diagonally across the slope are not recommended because if they break or over-top the
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damage can be serious. Artificial waterways should generally be on slopes not exceeding 5 percent.
On steeper slopes, drop structures should be incorporated in the design or the waterway lined with
concrete. The bottom width of trapezoidal waterways should not exceed 15 m unless multiple or
divided waterways or other means are provided to control meandering of low flows. Where slopes
are steep, artificial waterways should be made wide enough to spread the water and prevent high
velocities of the water. An alternative to wide artificial waterways is to make narrower waterways
that are lined with stone, or to install check structures to slow down the velocity of water and dis-
sipate the energy.

4.3.3 Channel roughness

The rougher the surface over which water flows the greater the resistance to flow. The velocity of
water in a channel can be reduced by making it wider and shallower (i.e. lowering the hydraulic radi-
us) or by making the surface rougher. One of the ways of making the surface rougher is by planting
grasses. A tall grass will provide more resistance to flow than a short one, although the resistance
will be lowered if it is pushed over and flattened during heavy runoff. Growing perennial shrubs
as contour hedgerows is another commonly used form of vegetative hedge. This topic is discussed
under the subsection on agroforestry under nutrient management systems. A rough stone surface
will provide more resistance than a smooth concrete surface.

The effect of reduced scouring on a waterway varies with the type of lining, which can be packed
clay, grass, stone, or drop structures made using local materials (Figure 4.2). For each of these al-
ternatives there is a maximum permissible velocity above which scouring can occurs. The waterway
should be able to dispose of runoff at a safe velocity. Artificial waterways are thus recommended
for slopes up to 25%. On steeper slopes, the channel should be lined with stones, masonry or re-
inforced concrete (Table 2).

Figure 4.2 (a) Artificial waterway with scour (b) Grassed Artificial waterway
checks (photo by B. Mati) (photo courtesy of ].]. Mubinda)
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Table 2: Maximum permissible velocity in channels (m/sec)

Surface material Bare Medium grass | Very good grass
cover cover
Very light silty sand 0.3 0.75 1.5
Light loose sand 0.5 0.9 1.5
Coarse sand 0.75 1.25 1.7
Sandy soil 0.75 1.5 2.0
Firm clay loam 1 1.7 2.3
Stiff clay or stiff gravelly soil 1.5 1.8 25
Coarse gravels 1.5 1.8 Unlikely
Shale, hardpan, soft rock, etc. 1.8 2.1 -
Hard cemented conglomerates 2.5 - -

Source: Hudson, 1981

4.3.4 Freeboard

Waterway designs are normally based on the peak runoff expected in a ten-year return period, but
to cater for exceptional conditions a safety margin (freeboard) is added by increasing the design
depth by 25% for grass waterways and 10% for stone-lined waterways.

4.3.5 Outlets

It is usually necessary to first identify a suitable outlet for the artificial waterway. Such outlets can
be a natural watercourse, old gully, open grasslands, percolation or water harvesting structures.
Where there is a natural depression or small valley that is well stabilised with vegetation this may
be adequate to take the discharge from diversion ditches or graded terraces, but where there is no
such natural waterway, an artificial waterway (drainage way) must be installed. In certain circum-
stances where a proper natural outlet cannot be found, the excess water can be disposed by digging
very large retention ditches, but this is only allowable if the waterway carries small flows. Failure to
dispose runoff to a good outlet can lead to the formation of gullies and other erosion problems.

4.4 Other structures to dissipate runoff energy

Other than grass, the erosive energy of flows in artificial waterways can be dissipated using en-
gineering devices. Some commonly used structures include drop structures, chute spillways and
porous barriers. These function as follows:

4.4.1 Drop Structures:

Drop structures are commonly made where the waterway runs down a very steep slope. They
can be in the form of a small check dam which allows flow to slow down, pond and dissipate at
non-erosive velocities past the barrier. They stabilise flow through a steep gradient in the waterway.
Drop structures also level waterways so that they need not be planted with grass. They serve as
outlets for concentrated flow from sods and drain bed culverts; as well as serving as sediment traps,
thus conserving water and soil.
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Before the path turns into a ravine, it must be determined by the log every 2 meters

Figure 4.3 (a) Sketch of artificial waterway (b) Drop structures made of local mate-
with drop structures made with logs rials (photo courtesy of Faith Muthoni)

4.4.2 Chute spillways

Chutes are specially designed spillways that collect flow at one elevation and discharge it down a
slope at a lower elevation. The shape of the inlet and outlet is important to stabilise the chutes
and prevent failure. Some energy-dissipating structures are necessary at the outlet of the chutes. A
box-like device filled with stone is generally suitable for most conditions. Most chutes connect a
elevated area e.g. an upper terrace with a lower area e.g. the next terrace downhill, where there is a
sudden change in gradient. They can be made of concrete, sheet metal, plastic or wood. The design
must consider both inlet and outlet conditions of the chute to prevent damage to land.

4.4.3 Porous barriers

Porous barriers are small check dams constructed using material that allows water to filter through.
The most common are loose stones and brushwood check dams. Porous barriers simply slow
down runoff allowing it to seep through at non-erosive velocities. They also serve as sediment
traps, and in the long run, they look like drop structures.

4.5. Layout and construction of an artificial waterway

Reconnaissance field surveys and contour maps, where available, are used to locate the appropri-
ate position of a waterway. This considers the location of other structures such as terraces, roads,
farm orientation and availability of an outlet. Where possible, the waterway should be located in
a natural depression or drainage way. It is usually better to have several small waterways than one
very large one, and the waterways should be close enough to each other to avoid the terraces being
excessively long. After the waterway has been staked out, construction can start from the lower end
by excavating soil from the centre and throwing it to each side to form the banks.

Artificial waterways are normally constructed to run straight down the steepest slope. The channel
may be created by excavating from the inside and creating shallow parabolic with two bank on each
side. The waterways may be natural or artificial drainage channel to collect runoff in the conser-
vation system and lead to a suitable out-let. Natural waterways are usually improved while artificial
ones are grassed or stone paved. An alternative method, normally used where a closely growing
grass already exists, is to excavate the spoil from the outer limits and use it to build the banks leav-
ing undisturbed, the level ground surface in the middle, and thus achieving a fully protected water-
way. After excavation of the waterway channel, it should be lined by planting a suitable spreading
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grass, or with stone or a combination of grass and stone. The process of excavation may expose
less fertile sub-soil and, if so, it is advisable to use manure and mulch to ensure quick establishment
of the grass. Every effort should be made to avoid discharging runoff into the waterway until the
grass is established. Where the costs allow, an artificial waterway can be lined with concrete, rubble
stone or stone masonty.

4.6 Maintenance of artificial waterways

Regular maintenance of an artificial waterway is essential, since it has high risks of failure. The
waterway should be inspected after every heavy storm, especially during the first year while the
grass cover is being established. Any damage should be repaired immediately, and grass re-planted.
The outlet should also be checked to ensure that no erosion is taking place. The waterway should
not be used as a road or footpath. Neither should it be used to dissipate flows for which it was not
designed e.g. as a canal. The utility of the artificial waterway, being linked to terraces, cutoff drains
and other structures should be checked as part of regular maintenance.
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5. GULLY CONTROL AND UTILISATION
5.1 What is a gully?

A gully is a deep channel created as a result of severe soil erosion, usually caused by running
water. Gully erosion occurs when concentrated flows of water scouring along flow routes cause
channels deeper than 0.5 m. It is an advanced stage of rill erosion whereby surface channels
have been eroded to the point where they cannot be smoothed over by normal tillage opera-
tions. Gullies can also be triggered by diversion of large quantities of flowing down a slope e.g.
from a road drain, home compound, pipe washout, rocky or hilly areas. They carry large loads
of sediment and display erratic behaviour. In severe cases, gullies leave the land physically dis-
sected, with excessive draining and drying of depressions, creating the cycle of excessive runoff
and further escalation of erosion (Figure 5.1). Gullies degrade agricultural land and can damage
infrastructure such as buildings and roads.

R a.
Figure 5.1(a) Active medium sized gully (b) Advanced gully erosion on scari-
showing gully head (photos by B. Mati) fied land

5.1.1 Causes of gully erosion

Gullies are caused by land husbandry activities that result in increased surface runoff. These include
improper land use, such as slash and burn or shifting cultivation, failure to terrace sloping land,
reduced vegetation cover as a result of burning of vegetation and bush fires and poorly managed
croplands. Livestock management, particularly overstocking of livestock leads to overgrazing fur-
ther reducing soil cover which results in excessive runoff. Other activities which result in earth
moving such as road construction and mining can also cause gullies. Road drains are particularly
notorious for triggering gully erosion as they discharge large volumes of runoff down steep slopes.
Footpaths and animal tracks, if they run down a steep slope can also result in gullying.

Gullies can form slowly over many years, as for instance if soil erosion is left unchecked. However,
they can be triggered by a sudden increase in runoff, for instance due to high rainfall intensities or
by diversion of runoff from one catchment to another. Also, construction of infrastructure e.g.
road culvert, can trigger a gully overnight. The severity and rate of gully development also depends
on the runoff producing characteristics of the watershed, the drainage area, slope steepness, sur-
face culture e.g. presence of large rocks, and soil characteristics, being worse on silty and loamy
soils. Thus, gullies are classified as either small, medium or large (see Table 5.1). Other than natural
factors, most gullies are caused by human interference with natural ecosystems.
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Table 5.1 Gully classification based on size

(a) Small gully I;CSS than Less than 2
®) - Medium |y 5 2 t0 20

gully

(c) Large gully IS\/Iore than More than 20

Source: EAO, 1986

5.1.2 What is gully control?

Gully control includes all preventative and restorative activities and structures used to rehabilitate
a gully and the affected land. The goal is to return the land back to its original profile and possibly
productivity, albeit this may be difficult to achieve if the gully erosion is too advanced. Gully con-
trol can be expensive, and the method or structures used depend on its sizes, severity of erosion,
available materials and cost implications.

Generally, the larger the gully, the more expensive it is to control. If incipient gullies are not stabi-
lised, they become longer, larger and deeper. Under certain climatic and geological conditions, the
gully can cut landscapes creating gorges that can easily be as high as 20-30 meters deep or more.
This type of gully can engulf hillside farming areas, grass lands and even forest lands. In most cas-
es, it is not possible to stabilise those gullies because of the huge landslides which occur on vertical
gully banks after heavy rains. Thus, it is recommended to rehabilitate gullies while they are still small
before too much damage is caused, as it is also less costly.

5.1.3 Design of gully control measures

The design of gully control measures follows the same process as that of check dams for water
harvesting (see Training Manual 3 of these series). This is because gullies exhibit channel flow,
but which can be quite turbulent. Thus, all gully control structures are designed with a spillway
at the centre of the structure. Also, porous structures are more preferred than airtight structures
for safety reason. The planning of a gully control systems involves the following:

(1) 'The gully itself and the surrounding areas, including the soutce of runoff are inspected to
determine why the problem occurred; what possible changes have taken place to aggravate
the problem and if there is there a spring at the gully base.

(11) The approximate size and slope of the gully are measured.

(1i1) The peak flow of water entering the gully is estimated using measuring equipment or
empirical equations e.g, rational formula (see Chapter 2). This quantity depends on the
watershed’s topography, size, vegetation, and soil type and water storage capacity. Technical
expertise is required for this step.

Using this information, a control system can be selected. In general, -The depth of the founda-
tion is equal to one-half of the effective height of the dam, which means that the foundation
depth is one-third of the dam’s total height. There are very many types of structures and control
methods for gully rehabilitation. However, these can be grouped into four broad categories as
follows:

a) Preventative measures

b) Control measures for small gullies

C) Control structures for medium sized gullies
d) Control measures for large gullies
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S. 2 Preventative measures against gully erosion

Preventing the formation of a gully is much easier than controlling it once it has formed. Preven-
tion is also more economical because structural measures are considerably more expensive than
preventive measures. Generally, it is better to prevent a gully from forming as sometimes, the dam-
age can be irreversible. The preventative measures are needed even when rehabilitating large gullies,
and should be core component of overall gully reclamation process.

5.2.1 Soil conservation in the catchment area

For gullies which developed due to uncontrolled surface runoff from denuded catchments, soil
and water conservation activities in the catchment area are sometimes all that is needed for the
gully to heal. Natural catchments may require re-establishment of vegetation, e.g. through tree
planting, controlled grazing and prevention of wild fires and reseeding the catchment with grass.
The cultivated areas may require terracing, agroforestry and other practices that reduce erosion
to improve infiltration and reduce the amount of water entering the gully.

5.2.2 Retention and infiltration of surface water

In addition to soil conservation structures, gully erosion can be prevented through proper
land-management practices and infrastructure development that takes care of excess runoff.
Good tillage and cropping practices increase the absorptive capacity of the soil resulting in less
runoff and also protect the land surface from erosion. Surface water should be conveyed from
lands through proper waterways so as not to create potential gully problems. Buffer strips should
be located at potential gully start points such as open ditches or deep depressions. Other specific
slope-treatment measures, such as retention and infiltration ditches should be carried out above
the gully area, and in the eroded area between the branch gullies, to reduce the rate and amount
of surface runoff. These also decrease the cost of structural gully-control measures.
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5.2.3 Diverting runoff from gully head

Surface runoff can be diverted from a gully by constructing a diversion ditch above the gully head.
Gully heals naturally. The water so diverted must be disposed off onto a natural watercourse,
vegetated waterways or onto rock outcrops and stable areas which are not susceptible to erosion.
Surface water must not be diverted over unprotected areas or it could cause new gullies. Runoff
diversion is effective where gully is caused by non-point source runoff, e.g. a hilly area or unpro-
tected open surfaces.

Nile Basin

To prevent scouring along the diversion channel, the gradient of small diversion ditches must be
less than 1%, and preferably 0.5%. However, if there is a permanent vegetative cover in the chan-
nel, the gradient may be as high as 2 to 3%t. The protective vegetation must be maintained during
the entire rainy season, or these steeper gradients will cause channel erosion. Diversion ditches
should be large enough to carry all the water that is discharged from the gully catchment area
during periods of maximum runoff. In areas receiving heavy rains, in addition to diversions estab-
lished above the gullied area, a series of check dams should be constructed along the gully channels.

5.3. Control of measures for small gullies

Small gullies those which can be rehabilitated without the need for physical structures. Such
gullies measure less than 0.3 m deep. The measures presented here work well if the gully lies on
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a slopes less than 5% and carries small flows, not exceeding 1 m’/s. Sometimes, small gullies can
be controlled with just the preventative measures described above. Other methods may include
the following

5. 3.1 Gully reshaping with grass planting

Small gullies that carry little water flow can be stabilised by filling and shaping, that is, if the surface
water is diverted, and livestock are kept out. Steep gully heads and gully banks should be shaped
to a gentler slope (about a 1:1 slope). Rills and incipient branch gullies may be filled in by spade,
shovel or plough on cultivated lands). Then the gully area should be planted with natural vegetation
or grass. Typical grasses include; napier grass, (Pennisetun Purpurenm), Guatemala grass Tripsacum
laxum), Kikuyu grass (Pennisetum clandestinum), aspalum spp., and African star grass (Cynodon plecto-
stachyns). Leguminous covers are preferred as they improve soil fertility. Possible species include:
Green leaf desmodium (Desnzodinm intortum), Silver leat desmodium (Desmodinn uncinatum) grown
in lowlands and stylo (Stylosanthese guyanensis) among others. In the long run, natural vegetation
endemic to the area should cover the gully as part in a natural healing process, to provide good
protection for the soil. The choice of vegetation depends on how the planted area will ultimately
be utilised. However, a reshaped gully should not be cultivated.

5.3.2 Convert gully into grassed waterway

A gully is actually a waterway. Thus it can be improved to serves as a non-erosive grassed waterway.
This involves digging and reshaping the gully, then planting grass and utilising the gully as a con-
duit to discharge water safely. This works well where the gully slope is small (less than 5%) and the
available channel is relatively wide (more than 5 m wide). The grassed waterway can carry a medium
to large flows of water.

Initial establishment of the vegetation can be a problem, especially due to uncontrolled flooding.
Maintenance practices such as fertilization and mowing of the vegetation as well as land manage-
ment practices above the gully area to prevent sedimentation of the waterway are necessary for this
control system to be successful.

5.3.3 Grassed waterway with soak pits

If a channel slope is too steep (5-10%) for a grassed waterway, a series of drop structures can be
used to reduce the effective slope of the waterway below the upper limit of 5% for a grassed wa-
terway installation. Drop structures can either take the form of a chute spillway or a grade control
structure (as described in Chapter 4). An alternative method which is quite inexpensive involves
digging a series of soak pits along the gully length. The pits act as drop structures, dissipating the
velocity and energy of runoff, which is ponded and infiltrates slowly (Figure 5.2). Sometimes a tree
crop is planted in the pit to make use of the ponded water. Soak pits should only be dug where the
soil is stable and unlikely to collapse. Regular de-silting of the pits is usually necessary.
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Figure 5.2 (a) Sketch of soak pits dug  (b) Soak pits dug in cascade to control
to reduce flow velocity in a gully gully erosion (photo by B. Mati)

5.3.4 Convert gully into lined waterway

The gully may be small, but lying on a steep slope in the range of 10-25% over a significant portion
of its length. The gully is converted into an artificial waterway, but a stronger lining material is used
instead of grass. Acceptable lining materials are rock riprap, wired stone mattresses, interlocking
or cable-connected concrete blocks. An inflexible channel lining such as poured concrete does
not have the ability to move with the base material shifts caused by settling or possible erosion.
Thus, concrete is not recommended as a waterway lining. These types of lining can be expensive.
Therefore, if the gully has a long profile, the lining can be done for the most critical sections on the
steeper portions of the slope. A major limitation is that the velocity of water exiting this structure
may be excessive, causing further erosion problems downstream. A deceleration device such as
large rock riprap may be required to dissipate excess energy of the flow through the gully.

5.3.5 Scour check dams.

A scour check dam is a small row of either sticks or stones arranged across the gully to reduce
runoff velocity of small flows. In the case of sticks, they are about 3 cm diameter 40cm long, then
hammered into the ground so check is about 15cm high. An apron made of stones or grass sods is
made at the downstream side to absorb the water falling for the small structure (Figure 5.3).

Scour checks made of stones usually require a small foundation about 0.3 m deep and 0.3 m wide
is dug across the gully floor. Then stones are arranged in the trench until they are flush with the
floor of the gully. The stones are then arranged as to anchor the structure in place propetrly. The
middle is left lower so as to act as a spillway. A small stones apron is made to absorb the energy of
the water as it crosses the structure.

m . Soil and Water Conservation Structures for Smallholder Agriculture



Figure 5.3 (a) Sketch of scour check made (b) Sketch of cour check made with
using sticks (Source; Desta et al, 2005) stones

5.4. Control of medium sized gullies

For medium sized gullies or where larger runoff flows are expected, reshaping, filling diversions
or vegetation alone will not suffice to control gullies. The establishment of vegetation is difficult
because the newly planted material gets swept away, or sometimes, there is no topsoil to support
proper revegetation. In such circumstances, additional gully control and slope stabilisation mea-
sures are required. These could be temporary structures whose purpose is to provide protection
for just long enough to enable vegetation to establish. The purpose of such structures is to slow
down the runoff and cause deposition of silt. This function is better served using structures which
are not watertight, as they tend to be cheaper and less likely to collapse. Thus medium sized gullies
can be controlled using temporary structures or porous check dams.

5.4.1 Functions of check dams for gully treatment

Check dams are barriers constructed across a gully bed to stop channel and lateral erosion. They
are made using woven-wire, brushwood, logs, loose stone or such other material. They act like
drop structures, helping to reduce the original gradient of the gully channel. Thus check dams slow
down the velocity of water and the erosive power of runoff, conveying it safely over the structure.
Temporary check dams, which have a life-span of three to eight years, collect and hold soil and
moisture in the bottom of the gully. Tree seedlings, as well as shrub and grass cuttings planted in
the gully establish much faster and can grow without being washed away by flowing water. Thus, a
permanent vegetative cover can be established in a short time.

To obtain satisfactory results from structural measures, a series of check dams should be con-
structed for each portion of the gully bed. To avoid failure by undermining or bed erosion, check
dams are made low, with a notch at the centre of the structure for excess flows to safely dissipate
without scour of the gully sides. The check dam could be increased gradually as it gets submerged
by silt. Check dams are not necessary on those gully portions which are protected from erosion by
continuous rock outcrops along their gully beds. Check dams may also be combined with retaining
walls parallel to the gully axis in order to prevent the scouring and undermining of the gully banks.

5.4.2 Cushion check dams

Cushion check dams are a quick and cheap way to fix gully erosion. They are made old gunny bags
with soil, which are then packed onto each other across a gully to create a check dam. This type of
check dam is used as an emergency measure which can be used to help establish vegetation across
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the gully. The bags are held in position by a single row of posts. The structure should be able to
retain the major portion of the runoff discharged from the catchment area The method is suited to
humid areas where vegetation is likely to establish quickly. Because silt deposits gradually reducing
the storage capacity of the check dam, the structures has to be rebuilt every season.
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Figure 5.4 Gully control with cushion check dams (soil filled bags) (Photo by B. Mati)

i

5.4.3 Loose stone check dam

A loose stone check dam (or simply stone check dam) is made by packing large stones across the
gully to create a porous retaining wall (Figure 5.5). A spillway is made at the centre of the stone
structure to allow excess flows through the middle of the valley. Stone check dams control channel
erosion along the gully bed, and to stop waterfall erosion by stabilising gully heads. They can also
be used for gully control or for runoff harvesting. It is usually recommended that the structures
should be made short at first, then built in stages, each time building a wall that does not exceed 0.5
m high, so as to avoid failure of the structure from overload. Over a period of time, while the water
is stopped by this wall, sediment settles and accumulates creating new land which can be cultivated.
Usually, a series of stone check dams are placed along the valley length to enable more conserva-
tion of water and increase area that can be vegetated. The system requires regular maintenance.
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Figure 5.5 (a) Sketch of a stone check dam (b) Gully controlled with stone check
dam (photo by B. Mati)

5.4.4 Stone-wire check dams

A stone wire check dam (sometimes called woven-wire check dam) are small barriers which are
usually constructed to hold fine material in the gully. They are used in gullies with moderate slopes
(not more than 10 percent) and small drainage areas that do not have flood flows which carry rocks
and boulders. The dam is either constructed straight across the gully or in a crescent shape with its
open end upstream. The crescent shape check dam is commonly used to allow a longer spillway
than is possible on a straight one. At the same time it anchors and protects the ends of the dam. An
offset equal to about one-sixth of the gully’s width at the dam site will generally provide sufficient
curvature.

5.4.5 Single row stone-post check dam

A single row stone-post check dam, is a stone check dam anchored by a row of closely spaced
posts, driven into the ground on the lower end. The posts can be tied together with a wire for
added strength. The stones are packed on the upstream side of the check dam, ensuring that the
middle is lower to act as a spillway. A stone apron is normally provided just behind the posts.

5.4.6 Double row stone-post check dam

In a double row stone-post check dam, as the name suggests, is one in which The stones are packed
between two rows of posts. The posts and stones should reach 0.5 m deep and 0.5 m into the wing
walls excavated across the gully. After packing the stones between the posts, they may be tied with
wire for added strength. It is important to keep the top of the wire as level as possible along the
central portion (the crest of the spillway) to obtain a much better spread of water over the struc-
ture. Rocks, brush or sod may be used for the apron. Double row stone check dams utilise fewer
stones as it gets its strength from the posts.

5.4.7 Brush fills

Brush fill (or brushwood carpet), is a continuous filling on small gullies with brush, branches of
trees, stems of bushy vegetation, etc. If brush is placed across the gully, it is called a “brush plug”.
The main purpose of brush fills is to obliterate the gully with the soil that brush holds (Figure 5.6).

-
“
2.
=.
-

0Q
QL
-
-
2
U1

Soil and Water Conservation Structures for Smallholder Agriculture . m



=
<
£
a
<
(7]
|
w
2
|

Initiative

Nile Basin

The method is suitable for incipient and small which do not exceed 0.6 deep and 0.6m wide in size.
The gradient of the gully channel should not greater than 10 percent. The method is economical
where vegetative material is abundant e.g. in humid zones. However, it is a temporary measure as
the brushwood rots in the end. Brush fill work starts at the head. First, the gully bed is lined with
small tree and shrub branches to protect the soil; then larger branches are placed over them. A
brush fill should rise above the gully banks so it can be weighted down with rocks or heavier wood
pieces. The brush should be compacted to permit compost placement.

et 2 ; S 3

Figure 5.6 Gully control with stone check dams and brushwood fills (photo by B. Mati)

5.4.8 Brushwood check dams

Brushwood check dams are vegetative measures which differ from brush fills in that the vegetative
material is arranged across the gully bed in the form of a check dam. It utilises big and small tree
branches for the fill material. Posts are sometimes driven into the ground to stabilise the struc-
ture, and the whole structure can be tied up using wire to stabilise it. An apron made of twigs
and branches is usually made. Wherever possible the posts can be plant types which sprout in the
ground e.g. Camiphora. Brushwood check dam can handle larger flows the simple brush fills. Since
brushwood is degradable, the structure should be made for temporary measure, e.g. to facilitate the
establishment of vegetation.

5.4.9 Netting dams

A wire netting dam is usually used to control a gully head, or at the inlet to a gully e.g. culvert out-
let. In construction, wooden posts are driven into the bed of the gully, and used to support a trip
of wire netting which forms a low wall across the gully. The height should be only a half metre or
so and the lower edge of the netting is buried. Light brush or straw is piled loosely against the up-
stream side of the netting wall and is packed by the flow of water against the netting to form a bar-
rier, which is porous but slows down the flow and causes a build up of sediment on the upstream
side. It acts like a reinforced brushwood check dam, while the posts anchor the structure in place.

5.5. Control of large gullies

The control of large gullies and those lying on gradients exceeding 25% may require the con-
struction of permanent structures which can withstand the onslaught of torrential floods. Such
structures are usually expensive requiring expertise, material and capital investment. Such costs are
warranted if the gully threatens important infrastructure e.g, road, railway or a reservoir. These are
usually check dams made of masonry, concrete, logs, gabions or other material.
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5.5.1 Gully-head dams

A gully head dam is a permanent structure created to control an active gully head that is eating its
way steadily upstream and must be stopped before it threatens a road or bridge or similar assets.
An effective way of controlling the erosive force of the runoff over the gully head is to submerge
the head in the pond of a permanently impounding dam. The energy of the in-rushing water is
dissipated as it flows into the dam, reducing its erosive power.

By controlling the gully head, the rest of the gully can heal more easily especially if other types
of check dams are constructed and vegetation planted. The water stored in the gully head dams
infiltrates into the soil and helps recharge the catchment, further improving soil moisture content
of surrounding areas. Care should be taken to avoid submerging a gully head on unstable ground,
which could collapse even more due to ponding. In climates with marked wet and dry seasons, it
is possible for the gully head to move back a little each year before the dams fills until eventually
the head is at the full supply level of the dam and so is no longer submerged and continues to eat
back unchecked. This is called the ‘gully climbing back out of the dam’ and should be avoided by
allowing adequate freeboard. Another way of controlling gully head erosion is to use drop struc-
tures made of stone masonry , brick ,or concrete which allows the flood runoff to pass over the
head harmlessly.

5.5.2 Boulder check dams

Boulder check dams placed across the gully are used mainly to control channel erosion and to
stabilise gully heads. In a gully system or multiple-gully system all the main gully channels of con-
tinuous gullies can be stabilised by boulder check dams. The maximum total height of the dam is 2
m. Foundation depth must be at least half of effective height. The thickness of the dam at spillway
level is 0.7 to 1.0 m and the inclination of its downstream face is 30 percent. The thickness of the
base is calculated accordingly. The upstream face of the dam is usually vertical. These dimensions
ensure stability of the dam against overturning, collapsing and sliding (Figure 5.7). But, the di-
mensions of the spillway should be computed according to the maximum discharge of the gully
catchment area. The form of the spillway is generally trapezoidal.

]
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Figure 5.7 Sketch of a boulder check dam for gully control (Source: EAO, 1986)

5.5.3 Gabions

Gabions (or wire bolsters) are porous structures comprising pre-fabricated heavy-duty wire netting
filled with stones. They are preferred in areas where plenty of loose stones are available to build

-
q
2.
=.
-

0Q
QL
-
-
2
(%)

Soil and Water Conservation Structures for Smallholder Agriculture . m



=
<
£
o
<
v
—
(50}
2
|

Initiative

Nile Basin

loose rock-fill dams with the stones anchored in place by wire netting, The dimensions of gabion
nettings are variable, but they can be 4 m long and 1 x 1 m in cross-section, or 1 m cuboids. The
empty gabion box is laid out flat across the gully bed. Loose rock is packed on one half of the width
of the netting and the other half wrapped over the stones and laced to the other edge, forming a
sausage or rock contained in a skin of wire netting. Several gabion boxes are placed adjacent each
other and on top of one another to create a check dam. The main advantage of these structures
is that there is sufficient flexibility for the structure to adjust to settlement resulting from scouring
of the foundations without any loss of strength. Also, gabions have higher tensile strength and are
semi-porous, thus offer better safety against failure. Unlike concrete structures, they are easier to
repair and extend as necessary.

Figure 5.8 Sketch of a gabion system for (b) Gabion box filled with stones for gully
gully control control (photo by B. Mati)

5.5.4 Log dams

Heavy timber can be used to create log-piling dams. Log dams are check dams made using logs or
huge posts placed across the gully. They can also be built of planks, heavy boards, slabs, poles or
old railroad ties. One method is to use logs in the same way as the brushwood check dam, but to
make a much more substantial structure. Two rows of vertical posts are driven into the bed of the
gully and extending up the sides to above flood level, and then logs are packed in between. The ver-
tical posts should be at least cm diameter, 2 m long, and spaced about a matter apart in each row,
with the two rows of posts half a metre apart. A wide notch should be created to act as a spillway to
the structure. When the logs are packed between the rows of posts the bottom layer should be sunk
below ground surface to avoid seepage and scour underneath. After the top logs have been placed
they are held in position by strong wire ties between the vertical posts. LLog check dams hold fine
and coarse material carried by flowing water in the gully, and to stabilise gully heads. They are used
to stabilise incipient, small and branch gullies generally not longer than 100 m. and with catchment
areas of less than two hectares.

5.5.5 Silt-trap dams

Silt trap dams are designed like conventional dams or weirs, but their main purpose is to hold
eroded sediments so as to reduce the excessive load and to protect downstream water supplies (see
Training Manual 3 of these series). Permanent silt trap dams are of many shapes and sizes and are
built wherever suitable site is possible. Although they are usually designed for rivers, they can also
be used for gully control.
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5.5.6 Use of clay bricks

Where clay bricks are the most affordable local building material, they can be used to construct gul-
ly control structures. Burnt bricks are normally resistant to the effect of water. The bricks are used
to build a retaining wall much the same way as a concrete weir. A single thickness of brick work
can be built to height of one or one and a half metres over a circular span or about two metres.
A straight wall of similar size would need three or four times as much brickwork to achieve com-
parable strength. The arch works by transmitting the load round the arch to the buttresses at each
end, and to it needs good solid support in the gully walls, preferably in the form of a rock out crop.

Since brickwork has little tensile strength, the weakest feature of straight walled brick dams is their
resistance to the bending moment which results from the water pressure. In other words the risk of
failure is proportional not to the length of the wall, but the square of the length. A buttress at the
mid-point of a straight wall reduces the effective length by a half but cuts the bending moment to
a quarter and so is usually worthwhile if the site conditions allow.

S.6 Construction and maintenance

5.6.1 Construction of gully control structures

The construction of check dams or other structures for gully control generally start from the
bottom to the top of the gully proceeding up. Longitudinally, control structures are first installed
upstream going downhill. However, if materials such as stones used for check dams have to be
transported from the bottom to the top of the gully through the gully channel, then construction
starts at the top. Gully heads are usually stabilised by building suitable check dams in front of them.
The kind of check dam needed depends on the flowing water’s falling distance from the gully head,
and the availability of construction material.

Field activities must be planned so that all structural work is completed before the rainy season.
Otherwise, the unfinished structures may be washed away. In addition, vegetative control measures
rely on the functioning of the structural measures to establish.

5.6.2 Spacing between structures

The spaces between check dams can be determined according to the compensation gradient and
the effective height for the check dams. The gradient between the top of the lower check dam and
the bottom of the upper one is called “compensation gradient” which is the future or final gradient
of the gully channel. It is formed when material carried by flowing water fills the check dams to
spillway level. Field experience has demonstrated that the compensation gradient of gullies is not
more than 3 percent.

The first check dam should be constructed on a stable point in the gully such as a rock outcrop,
the junction point of the gully to a road, the main stream or river, lake or reservoir. If there is no
such stable point, a counter-dam must be constructed. The distance between the first dam and the
counter-dam must be at least two times the effective height of the first check dam.

The points where the ensuing check dams are to be built are determined according to the compen-
sation gradient and the effective height of the check dams. At the second point, the effective height
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of the second check dam is marked at the edge of the gully by taking into account the depth of the
gully, the depth of the spillway and the maximum height of the check dam.

5.6.3 Vegetation establishment

All structural measures used in gully control must be accompanied with vegetative measures to
achieve sustainable rehabilitation (Figure 5.9). The general principle of the revegetation of gullied
areas involves the following:

e -All structural measures should be completed in the dry season and the accompanying vege-
tative measures undertaken during the immediate or following rainy season.

e -Suitable tree seedlings and cuttings must be planted just behind the structural measures.
e -Shrub and grass cuttings must be planted between the structural measures.

e -Tree and grass seeds should be sown between the structural measures, and on gentle, bare
slopes which have sufficient soil.

e -Gentle slopes which do not need any structural measures should be planted with tree seed-
lings, and grass and shrub cuttings.

Figure 5.9 (a) Sisal used to rehabilitate gully (b) Grass cover for rehabilitated gully
controlled with stone check dams (photos by B. Mati)

5.6.4 Utilising a controlled gully

A gully could be rehabilitated and converted into agricultural land. Most gully control works
involve creating check dams with locally available materials (stones, brushwood, or living vegeta-
tive hedges). The check dams are built in stages by raising the height of the check dam by about
0.3 m. each year. As runoff flow velocities within the gully are reduced, deposition causes soil
build up to adequate depth. The excess flow over the gully is trapped, allowing for water har-
vesting, conservation and the growing of crops even in marginal rainfall areas which conserve
both water and soil ahead of the structure. Such soil build up ahead of the gully could be utilised
converting a gully into an asset (Figure 5.10).
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Figure 5.10 (a) Sketch showing utilisation of | (b) Rehabilitated gully used to grow food
rehabilitated gully crops and fodder (photo by B. Mati)

5.6.5 Maintenance of gully control structures

Maintenance for structural measures must be continued for at least two years after the treatment
year. Treated areas must be inspected at least once a year. The trees and grass established in gully
catchment areas must be protected against fire, illegal wood cutting, grazing and encroachment. If
the revegetated areas are properly managed for several years after the treatment, some fuelwood
can be produced from tree plantations and fodder can be obtained from grass and fodder tree plan-
tations. Erosion control systems require regular attention to check and repair weak areas before
failure occurs. The critical areas of concern include:

Any bare or eroded area should be repaired immediately.

Obstructions or potential obstructions in the flow path should be removed.

Any settling or shifting should be repaired.

All grassed areas should be mowed twice per year.

The inlet to the control system should be cleared of impediments before the rainy sea-
son.

e All berms should be checked regularly for signs of failure and remedial measures taken.
Gully control needs to be integrated with treatment of the catchment areas, and consideration as
to whether the gully crosses cultivated areas and facilities such as bunds, terraces, boundaries and
roads. Responsibility for maintenance management arrangements need to be agreed. If treated
with large structures, a gully can also be integrated with shallow wells dug below series of soil
storage dams and small scale irrigation. Stabilised watershed slopes are the best assurance for the
continued functioning of gully control structures. Therefore, attention must always be given to
keeping the gully catchment well vegetated.
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