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ABSTRACT

A study of the evaluation of the performance of the Water Distribution system in the
Kadawa sector of the Kano River Project was carried out by Jmoh, O.D. in 1991.He
came up with siltation of the distributaries as one of the problems affecting the efficient

water distribution system within the irrigation system.

This study has thus examined the silting characteristics of distributaries during the 1991/92
dry season farming in Kano River Project. The Kadawa latera canal, distributary canal

and fidd channel were selected for the study.

The amount of bed load discharge (2.62 g/day) is smal as compared with the total
sediment load (23.22 g/day). The bed load discharge is found to be 11% of the total
sediment load.

About 1082 m® of sediment were scour, out of which 838m® are deposited as a the time
of study in the selected portions, of the cana system. This has greatly changed the bed
configuration of the canals. As a result, the hydraulic efficiency of the distributary and
fidd channel was 56%.as againgt 64% obtained by Jimoh (1991) This section of the cand
is not lined. However, the hydraulic efficiency of the lined latera cana was 91%. This
lined section is not infested with weeds.

Sediment transported through the cana system is predominantly st and clay. This aids
rapid growth of weeds.

Recommendations on how to reduce the siltation problem and improve on the efficiency

of the canals were made.
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GLOSSARY

1. Scctor

It is a unit of the irrigable arca with only one inlet for diverling water {rom the main canal.
A sector has only one lateral canal.

2. Lateral Canal

It is the sccondary canal that convey waler from the main canal to the tertiary canals.

3. Distributary Canal | .
It is the tertiary canal in the irrigable area that convey water from the lateral canal 1o the
ficld channcls. |

4. Bed Load

It is the sediment that moves by saltation, rolling, or sliding on or near the streambed.

5. Bed Load Discharge |

It is the quantity ol bed load passing any cross-seclion of a stream in a unit of time.

6. Hydraulic efficiency

It is the ratio of measured discharge to the designed capacity of the canal at the same
depth of {low.

7. Irrigator

He is a staff of the Waler Management Department that operates the sector turnout. Each
sector in the project has an lrrigator.

8. Clay

It is the sediment particles smatler than 0.004mm in size.

9. Sediment concentration

It is the quantity of sediment relative to the quantity of transporting or suspending fluid, or
{tutd-sediment mixture.,

10. Silt

It is the sediment particles between sand and clay in size (0.004 to 0.062mm})

xiii



1. Suspcﬁdcd Sediment

It is the sediment that is supported by the upward components of turbulent currents and ¢
that stays in suspension for appreciable lengths of time.

12. Suspended sediment Discharge

It is the quantity of suspended-sediment passing through a stream cross-section in a unit of
time.

13. Total Sediment Discharge

It is the total sediment discharge ol a stream. In this report, it is the suspended-sediment
discharge plus the bed load discharge,

14. Depth Integration

It is a method of sampling to obtain a representative sample of the water sediment

discharge from every part of a stream vertical, except in a small unsampler zone near the
streambed.

15. Depth Integrated Sample

It is a water sediment mixture that is accumulated continuously in a sampler that moves
vertically at an approximately constant transit rate between the surface and a point a few
millimetres above the bed of a stream, and that admits the mixture at a velocity aboul
equal to the instantancous stream relocity at each point in the vertical.

16. Stream Discharge

It is the quantity of natural water passing through a cross section of a stream in a unit of

time.



CHAPTER 1

INTRODUCTION

1.1 Objectives of Study

. i.'- P
The Institute for Agriculiural Rescarch, Ahmadu Bello Universily Zaira initialed a rescarch

on waler management praclices in Kano River Project.  This sludy, litled: Silting
Characteristics of Distributaries in Kano River Project is a unit of the research in water

managemenl practices,

The objectives of the study were:

(i) 1o quantily the sediment input lb the canal and determine its lemporal and spatial
distribution. R

(ii) to colleet the data needed for a quantitative assessment of the sediment control options

and identify the most [casible solutions.
1.2 Statement of Problem

In the past, many hydraulic engincering works have been built on sediment-bhcaring strcams
without adequate consideration of the effects of sedimentation on the life and utility of the
projects. The presence of scdiment caused unforeseen difficulties in operating and

maintaining these enginecring works, and shortened the economic life for many of them.

In the Kadawa irrigation scheme, 16,000 ha irrigable arca was developed under phase L
About 13,674 ha was irrigated during 1987/88 dry season. The balance 2,326 ha was not
irrigated due to water management problems (HIRBDA, 1988), Jimoh (1991), for example,

reported that the hydraulic elliciency of the main canal was 649 due to retardance effect of



the tall weeds in the canal. Also, the manning roughness coelficient of the reach was
increased from 0.030 (the designed value) to 0.053 by the weeds and the hydraulic efficiency

of one of the distributary canals was 62% due to silts in the canal (Jimoh, 1991).

However, a study was initiated by the Institute for Agricultural Research, Ahmadu Bello
University Zaira to identily the problems facing the irrigation projects. One of such studies
was the Evaluation of the performance of Water Distribution system in the Kadawa sector of
the Kano River Project by Jimoh, O.D. in 1991. He came up with siltation of the canals as
one of the problems affecting the efficient water distribution system within the irrigation

system. Thus the study described herein will be focused on the siltation in the canals,

1.3 Description of Kano River Project Area.
i

The Kano River Project lics between latitude 8030' to 9040' E and 11930" to 12003'N in the
savannah zone of Nigeria. The project area is shown in Figure 1.1. The Kano River Project
was initiated in 1970 under the Kano State Ministry of Agriculture and Natural Resources
for irrigation purposes. The project has a potential of 62,000 ha irrigable area and the
development of the irrigable area was divided into phase 1 and phase 11. The development of
the irrigable arca under phase I started in 1970 with 22,000 ha. The balance 40,000 ha
irrigable area will be developed under phase 11, By 1992, only 16,000 ha irrigable area had

been developed and development of the area under phase II has not started.

1.3.1 Water Distribution Network

The irrigable area under phasel is divided into West and East Branch Regions by River
Shimar. The West and East Branch Regions cover 13,600 ha and 8,400 ha irrigable areca
respectively. The West branch region is bounded in the western side by Kano River and

castern side by Shimar River.
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The multipurpose '.I"ig.n dam in Kano slate supplics waler lo. both regions. The dam has an
active storage capacity of 1,845 million cubic metres and is situated at about 19 Km away
from the beginning of the irrigable area under phascl. Water from the dam is conveyed
through a 4 K unlined canal to Ruwan Kanya Reservoir. The reservoir has a designed fotal
storage capacity of 57.6 million cubic metres. The reservoir was designed to supply water
only to the irrigable arca under phase 1. The water from the reservoir Nlows through a 6 Km
unlined canal 10 Rano Regulator. Al the regulator, the supply to the West Branch Region and
the three upper scclors in the East Branch Region is controtled. The spill upstream of the

Rano regutator llows inlo the east branch canal.

The discharge from the regulalor is conveyed through a 3 Km unlined canal to Garum Baba
Headwork where the main diversion into the west branch canal takes place. The west branch
canal is a 22 Km lined canal and is divided into 29 sectors. Each seclor has a lateral canal
that takes water [rom the west branch canal through the sector turnout. The sector turnout
consisis of a sluice gate at the west branch canal, joined by a pipe culvert to a stilling basin.
The water Irom (he basin flows over a broad crested weir into the lateral canal. The [low
over the weir is controlled by undershot gate. When the differcnce between water level in the
basin and the crest of the weir is 450mm (designed upstream head), the flow over the weir
will be supereritical. A 50% change in the level of flow in the west branch canal, will reduce
the discharge by 10% (Malaysia Int. Consultant, 1984). According to the report, flows in the

wcst branch canal must be greater than 25% of its capacity for this operation to be atlained,

The lateral canals which are supposed 1o be lined, distribute waler through the distributary
lurnouts Lo the unlined distributary canals. The flow in the distributary canals are diverted
into the ficld channels through ficld turnouts. The fealures and operation of the distributary

and fickd wrnouts are similar 1o the scelor turnouls.

e ———— e i
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1.4 Development of sediment measurements

The subcommittee on sedimentation of the Inter-Agency Committee on Water Resources
(1963), reported that since the earliest times, man has experienced difficultics due 1o
sediment carried by natural streams. Although a knowledge of the manner in which f{luvial
sediment is transportcd and deposited would have aided in avoiding or overcoming many of
these difficulties, sediment investigations did not begin until comparatively recent years. The
lirst investigations were made in Italy in the latter part of the 17th century, but so far as can
be determined, it was not until the carly part of the 19th century that quantitative
measurements of sediment carricd by natural streams were made by Gorsse and Subuors in

Rhane River in 1808 and 1809,

The development of irrigation along rivers was often difficult because of the heavy loads of
sediment carried by these sireams. In order o {ind a solution 1o the sedimenl problem,
sediment discharge measurements were started in many of these rivers in the latter part of the
19th century. Samples were first collected in the Rio Grande in 1889 and 1890 by the US
Geologicat Survey and have been taken more or less continuously since 1897 by other

agencies.

US Geological Survey(1945), measured suspended-sediment loads on streams in many
hasins. Several new rmethods and ‘concepts have been developed by the Survey. The
wrbulence {lume was developed (o obtain total sediment discharge so that the relations
hetween total suspended sediment discharge and bed-load discharge, and between measured
sediment discharge and unmeasured sediment discharge could be studied. The modified
Einstein method and direct velocity relationships were devised 1o aid in detcrmination of the
coarse sediment discharge. The foregoing development deals primarily with determinations

of suspended sediment discharge,



Davies (1898), undertook measurements of the heavier material moving on or near the
stream bed for the proposed Nicaraguan canal. The use of bed load discharge samplers has
been developed extensively in Europe since 1930, Total sediment discharge is being
measured effectively by the Tennessee Valley Authority on two small streams. Suspended
sediment that passes a weir is measured by means of an automatic suspended sediment
sampler which continuously diverts a small portion of the flow into a tank. The volume of
sediment that is deposited in the basin upstream from the weir is measured at regular
intervals by standard surveying methods, and samples of the deposited sediment are analysed

for density and grain size.

A comprchensive program for the development of sediment sampling equipment was begun
in 1940. The samplers developed by the project have revolutionized sediment sampling
techniques throughout the world. US Geological Survey(1943),used the new sampler at a
routine sediment sampling station on the lowa River near Coralville. This equipment has

almost entirely replaced other types of sampling equipment.



CHAPTER 2

REVIEW OF LITERATURE

2.1 Mechanism of Sediment Transport

Movement of the particles begins when the momentum flux parameter of the jet exceeds a
certain critical value. For momentum-flux parameters slightly above the critical value, the
sediment is transported primarily along the bed as bed load. Depending upon the relative size
of the particles of the bed and the magnitude of the momentum-flux parameter of the jet, the
mechanism of transportation may be one or the combination of any of the three kinds of
transportation phenomena namely :

(1) rolling

(i1) saltation

(iif) suspension

Graf (1971) described three kinds of transportation phenomena as follows :

Rolling : The bed particle is rolled or slide along the bed by the fluid dynamic thrust. It is
substantially in continuous contact with the bed.

Saltation : This is a transitional type of movement between rolling and suspension. If the
solid remains stationary on the bed, then the fluid dynamic thrust will not be parallel with the
stream but will have an upward component. If the speed of the current is increased until the
solid is dislodged, it will move away from the bed and travel in a trajectory. Saltating
particles are strongly accelerated near the bed and begin their motion almost vertically
upward, being gradually accelerated horizontally in the direction of flow. Their trajectory
reaches a height few mullimetres above the bed and then gradually curves back to the bed at a

great distance downstream from the starting point. The reason for descending being that



when water borne, the solid soon acquires the velocity of the adjacent water filaments and
the dynamic thrust declines. The steep velocity gradient assists in this type of motion.
Suspension : Suspension of sediment occurs as a result of turbulent mixing within the mixing

Huid, being kept by the upward components of the turbulent currents.,

2.1.1 Initiation of Motion

Committee on sedimentation of the American Society of Civil Engineers (1966), reported
that the process of initiation of motion is statistical in nature and that Einstein (1942) was the
first to develop a transport relation based on statistical concepts. Because of the statistical
nature of the entertainment process, there is no truly eritical condition for initiation of motion
for which motion begins suddenly as the condition is reached. Data available are based on
critical shear stress and on a more or less arbitrary definitions of eritical conditions.

Krammer (1935). for example, defined the following three intensitics of motion near the
critical or threshold condition :

(i) Weak movement-- indicates that a few or several of the smallest sand particles are in
motion in isolated spots with small quantities so that those moving one square centimetre of
the bed can be counted.

(it) Medium movement--indicates the condition in which grains of mean diameter are in
motion in uncountable numbers. Such movement is no longer local in character. It is not yet
strong enough to affect bed configuration and does not result in appreciable sediment
discharge.

(i) General movement--indicates the condition at which sand grains up to and including the
largest are in motion and movement is oceurring in all parts of the bed at all times.

Water flowing over a bed of sediment exerts forces on the grains that tend to move or
entrain them. The forces that resists the entrainment action of the flowing water differ
according to the grain size distribution of the sediment. For coarse sediments such as sands

and gravels, the forces resisting motion are caused mainly by the weight of the particles.



Finer sediments that contain appreciable fractions of silt or clay or both, tend to be cohesive
and resist entrainment mainly by cohesion rather than by the weight of the individual grains.
Also, in fine sediments, group of grains are entrained as units whereas coarse non-cohesive
sediments are moved as individual grains. Cohesion of fine sediment is a complicated

phenomenon that appears to vary with mineral composition and environment.

2 Distribution of sediment in a stream

2.2.1 Types of sediment transportation

Sediment transport 1s a coordinated or dependent combination of bed movement, saltation,
and suspension, the parts of which cannot be accurately considered separately except in the

case of bed movement when no material is in suspension

Gilbert(1914), demonstrated that streams of water carry forward debris in various ways.
The simplest is that in which the particles are slid or rolled. Sliding rarely takes place except
where the bed of the channel is smooth. Pure rolling, in which the particle is continuously in
contact with the bed. is also of small relative importance. If the bed is uneven, the particle
usually does not retain continuos contact but  makes leaps, and the process is then called
saltation. With swifter current, leaps are extended, and if a particle thus freed from the bed
be caught by an ascending portion of a swirling current, its excursion may be indefinitely
prolonged. Thus borne it is said to be suspended, and the process by which it is transported
18 called suspension. There is no much distinetion between saltation and suspension, but the
distribution is never the less important, for it serves to distinguish the two methods of
hydraulic transportation which follow different laws. In suspension the important factor is the
upward component of motion in parts of the complex current while in other transportation,
including saltation, rolling, and sliding, the important factor is in motion parallel with the bed

and close to it.



According to the mechanism of transport two major modes may be distinguished:

i Bed load - movement of particles in contact with the bed by

rolling, sliding and jumping.

(]

Suspended load - movement of particles in the flow. The settling
tendency of the particle is continuously compensated

by the diffusive action of the turbulent flow ficld.

A sharp distinction is not possible. A general criterion for the beginning of suspended load is
a ratio of shear velocity and fall velocity U¥/W = 15, Sometimes also saltation load is
mentioned. This is the mode where particles bounce from one position to another. This is
only important for particle movement in the order of 2 - 3 times the diameter so that this

mode of transport can be considered as bed load.

According to the origin of the transported material a distinction is made as follows:

(1). Bed -material Transport This transport has its origin in the bed, which means
that the transport is the bed, which means that the
transport is determined by the bed and flow conditions

(can consist of bed load and suspended load).

(11). Wash load Transport ot particles not or in small quantitics in the bed. The
material 18 supplied by external sources(erosion) and no  direct
relationship with the load conditions exists (can only be transported as
suspended load, generally fine material < 50 m). It can have influence
on turbulence and viscosity and therefore have some influence on the

flow.



Wash load is not important for changes in the bed of a river but only for sedimentation in

reservolrs ee,

2.2.2 Types of Sediment Concentration

The distribution of sediment throughout a stream cross section is expressed in terms of

sediment concentration. Two types of suspended sediment concentration are recognised :

(1) Spatial or Static concentration, and
(i1) Discharged weighted Concentration.

Spatial Concentration is the quantity of sediment relative to the quantity of fluid in a fluid -
sediment mixture. In this report, it is dry weight of sediment per unit volume of water -
sediment mixture or the ratio of the dry weight or the ratio of the dry weight of sediment to
the total weight of sediment to the total weight of water - sediment mixture, in a sample.
Spatial concentration at a point in the cross section is the sediment concentration in a small
volume of the water - sediment mixture at the point. Spatial concentration in a vertical is the
sediment concentration in the water - sediment mixture in a small uniform column that is
located at the vertical, and that extends vertically from the stream bed 1o the water surface.
Spatial concentration in a cross scction is the concentration of sediment in the water -
sediment mixture contained in a unit length of channel at the cross - section. The turbidity,
density, and other fluid properties of the water - sediment mixture are related to the spatial
concentration.

Ideally , spatial concentration could best be sampled by instantancously enclosing the desired

volume of the water - sediment mixture and removing that volume as a sample.

Discharge- Weighted Sediment Concentration is the quantity of sediment discharge relative
to the discharge of transporting fluid, or fluid -sediment mixture; or the concentration of
sediment in a fluid-sediment discharge. Discharge weighted concentration at a point in the

cross-section is the concentration of sediment in the water - sediment discharge through a
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small area of cross section at the point. Discharge - weighted concentration in a cross section

1s the concentration of sediment in the discharge through the entire cross section.

The discharge - weighted concentration may be multiplied by the stream discharge to obtain
the discharge of sediment. The discharge - weighted concentration at a point in the cross
scetion can be obtained from a point integrated sediment sample. The discharge - weighted
concentration in a sampling vertical can be obtained from the concentration in a depth
integrated sample for the vertical or from point - integrated samples that are weighted

according to the velocity and depth each sample represents in the vertical,

bJ
| ¥

3 Vertical Distribution of Suspended Sediment

The suspended sediment concentration generally is at a minimum at the water surface, and at
a maximum near the stream bed. The coarsest fractions of the suspended sediment, which are
usually sand, exhibit the greatest variation in concentration from the stream bed to the water
surface. The fine fractions, silt and clay, are vsually uniformly distributed over the depth of
the stream, or nearly so. The bed material of a stream with a suspended load of sand, silt,
and clay particles tends to be predominantly sand and will contain only traces of silt and clay
material. For conditions of steady uniform flow, the concentration, C , of a given size
fraction of suspended sediment in a natural sand bed stream varies with depth in such a
manner that a plot of (d - y) / y against C is a straight line on log-log paper, in which d =
stream depth, y= distance above bed to a point, and C = the concentration of the size fraction

at the point.

The presence of dunes or antidunes in streams alternately decreases and increases the local
depth. Changes in local depth are associated with large scale eddies that bring about
maximum percentage fluctuation in momentary concentration of sediment in suspension. In

sand bed channels, the distribution and concentration of the coarse part of the suspended
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sediment ( bed-material load ) are related to the composition of the bed material. In channels
with semi-rigid boundaries consisting of cobblestones or cobblestones and boulders, the
distribution and concentration of the coarse part of the suspended sediment are not similarly
related to the composition of the bed material. In such streams, the concentration of the
coarse part of the suspended sediment generally is less than that for streams flowing in sand

bed channels of comparable depths and velocities.

Instantancous or momentary fluctuations in suspended-sediment concentrations are related to
scale and intensity of stream turbulence and particle size of sediment in the bed of the stream.
Maximum deviations from mean concentration values are to be found in streams where the
suspended sediment consists largely of sand. In contrast, minimum deviations from mean
concentration values occur in streams where the suspended sediment consists largely of silt
and clay, Thus, the amount of the momentary fluctuation in concentration of the suspended
sediment at any depth varies with the ratio of the concentration of the sand fraction to the

total concentration. The amount of fluctuation also is affected by bed configuration.

Benedict (1948 ) and Hubbell (1956 ), found that the concentration for depth integrated
samples collected consecutively for selected stream verticals varied as much as 24% from the
mean value in shallow sand bed streams. The distribution and concentration of sand particles
with depth are also affected by water temperature and concentration of fine sediment.

Lane and Hanson (1949 ), in a study of sediment transport in the lower Colorado River,
found that the suspended load discharge varies approximately 2.5 times from summer to

winter for equivalent water discharge for sediment particles smaller than 0.3mm .

Brice (1964 ), in a review of data from the middle Loup River at Dunning, found that as the
water temperature decreases, the suspended sediment concentration increases. Also, the

dune height decreases at a temperature near 320F and the mean stream velocity increases.



The change in roughness is probably related to a slight change in velocity through a critical

value below which the height of the dunes is decreased.

2.24. Lateral distribution of suspended sediment

The lateral distribution of suspended sediment at a stream cross-section varies with velocity
and depth, channel slope, bed form, particle size of sediment in transport, and inflow from
immediate upstream tributaries. The variation in concentration in a cross-section is given in
terms of the average concentration for the cross-section for several small rivers. The
concentration at cach stream vertical is determined from depth or point-integrated samples.
Natural streams scldom have symmetrical cross-sections or straight channels. In medium to
deep streams with typical meanders, the velocity and concentration usually increases from

the inside 1o the outside of the bend.

2.2.5 Lateral Distribution of Bed L.oad Discharge

In sand bed channels under conditions of reasonably steady discharge and channel
equilibrium, the percentage of total load moved as bed load varies and as the cross-section
changes in the direction of flow. In narrow deep sections with high velocities, a larger
percentage of the total load is moved as suspended load; in wide shallow sections, the
converse generally is true. At a cross-section, the bed load discharge per unit width is a
tunction of the bed composition and of the local velocity; the maximum rate of transport
generally s at the lateral location where the velocity is highest. Bed load discharge is also
changed by viscosity of the walter-sediment mixture, particularly if the flow-transport
relationships are such that a slight change in velocity through a critical value results in a

change in bed form (Brice, 1964)



In streams with lateral variation of bed roughness in the cross-section, the rate of bed load
movement may be expected to vary approximately as the concentration of suspended

sediment immediately above the bed.

2.3 Measurement of Suspended Sediment Discharge

23.1 Suspended Sediment Concentration

Generally, suspended sediment samples are taken to determine the sediment discharge of the
stream, or to determine both sediment discharge and the particle size distribution. These
measurements actually apply only to the short period of time for which the samples represent
stream conditions. Determination of the suspended sediment discharge continues 1o be the
predominant phase of sediment investigation, but increasing emphasis is being placed upon

studies of particle size and size distribution.

If the sediment carried in suspension were uniformly distributed within a stream cross-
section, the suspended sediment discharge could be determined fairly simply. Then a single
sample taken at any point would indicate the average suspended sediment concentration for
the cross-section. The sediment discharge would be the product of the sediment
concentration, the stream discharge, and a conversion factor for the units of measurement
used.  Unfortunately, however, the concentration of fluvial sediment varies more or less

throughout any cross-scction of a stream, and these variations must be taken into account if

an accurate measurement of sediment discharge is to be made.

Suspended sediment concentrations are based on laboratory analysis of the water-sediment
mixture obtained with a suspended sediment sampler The corresponding water velocity and
discharge are usually obtained from current meter measurements. The sediment discharge per
unit area at a point, or per unit width at a vertical, in the stream is computed from the

sediment concentration and stream discharge. It is important to obtain at least some basic
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data on any stream where a sediment problem is to be studied. Computations based on few
data may be considerably in error, they will generally be better than estimates based entirely
on data from other streams. Sediment concentration may vary widely from one stream to
another. Thus, without local data, an estimate of sediment concentration may be in error
several hundred percent. The error may be significantly reduced with only a few field
measurements and the improved accuracy will usually justify the cost of at least a small

sampling program.

23,2 Determination of Water Discharge

Stream flow data must be obtained for any detailed suspended sediment study. The velocity
of flow in a stream varies from point to point in any cross-section. It is usually higher near
the centre of the stream than at the banks, and it is also higher near the surface than near the
bottom. The maximum velocity usually occurs at or just below the surface along the deepest
point of the stream. It is impractical to measure the velocity at every point in a cross-section.
Measurements are made at a number of systematically located points and the velocity is
assumed 1o vary between measured points according to some reasonable rule. Usually a
number of verticals in the cross-section are one or more points in each vertical. Extensive
investigations have shown that the mean velocity in a stream vertical can usually be
determined with an ample "degree of accuracy from measurements at one, or only a few,
properly selected points in the vertical. The velocity and depth at a vertical may be assumed
to apply for half the distance to the next vertical, If verticals are equally spaced, the discharge
for a given vertical is multiplicd by the width between verticals to obtain the discharge that

the vertical represents.

—
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23.3. Determination of Instantaneous Suspended Sediment Discharge

The suspended scdiment concentration in a stream usually varies from the surface to the
boltom, and in some instances {rom the side to side. The sediment distribution may be
illustrated by Figure 2b where the lengths of the arrows represent sediment concentrations at
the same points at which velocilies were shown in Figure 2a.  Figure 2d represent the
velocity distribution at vertical CE, and Figure 2¢ the distribution of sediment concentration
in that vertical. The mean scdiment concentration in vertical 2e is the spatial concentration
for the sampling vertical. The sediment discharges for the vertical CE are shown in Figure 2f
. They are obtained by multilling the velocitics in Fig. 2d by the corresponding
concentrations in Fig. 2e. Vclocily can be cxpressed qualitatively as volume per unit time
and unit cross sectional area,. Concentration can be expressed as weight of sediment per unit
volume. Therefore, the product of the two cquals weight ol sediment discharged per unit of
time, per unit of area. The mean discharge in vertical 2f divided by the mean velocity from 2d

cqual the discharge weighted concentration {or the sampling verlical.

The sediment discharge or the weight of suspended sediment passing the cross seclion per
unit time, is represcnted by the enclosed volume of Fig. 2c in the same way that the stream
discharge is represented in Fig. 2a. Sediment discharge is generaily obtained by multiplying
the discharge - weighted concentration in each vertical by the stream discharge that the

vertical represents and adding the products,

Sediment discharge = Discharge weighied Stream Dischafgc
concenlralion in X that the vertical
each vertical represents

n
- [0 X Qul
i=1
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The basic concept of the computation of sediment discharge is often modified to fit the needs
of a specific sampling program. Computations based on point-integrated samples are a
modification of the basic method of determining suspended sediment discharge. Depth -
integrated samples require a different treatment. If sediment is fine and most of the total
depth is sampled, the concentration in the depth-integrated sample may be taken as equal to

that for the entire vertical.

2.34. Number and Location of Sampling Verticals

For practical reasons sediment concentration should not be measured at a larger number of
sampling verticals. Consequently, some system for selecting a limited number of sampling

verticals must be used,

The common methods that are used to locate the transverse position of sampling verticals in
sediment measurements are as follows :

(a) Single vertical at mid-stream

(b)) Single vertical at thalweg or point of greatest depth

(¢) Verticals at 1/4, 1/2, and 3/4 width

(d) Verticals a1 1/6, 1/2, and 5/6 width

(¢ ) Four or more verticals at midpoints of equal width sections across the streams.

(') Verticals at centroids of sections of equal water discharge.

The number and locations of verticals to be sampled should be governed by the degree of
accuracy required in the investigation, the size and shape of cross-section, the particle size of
the sediment, the ratio of the sediment discharge being carried at the time of sampling to the
total sediment discharge during the period under consideration. The particle size and the

accuracy required are probably of greatest importance.
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The simplest practice is the selection of a single sampling vertical at midstream or at the
point of greatest depth. However, a single vertical should be used only in a very small stream
orin o‘crl'ain types of routinc sampling, A method that uscs sampling verticals at the 1/4, 1/2
» and 3/4 points in the width of a stream cross-section is convenient and praciical. It may be
used when distribution of stream discharge is not known. This method provides more

information concerning the distribution of sediment and a more accurate sediment discharge

than the single vertical methaod.

2.3.5. Sampling a vertical by Depth-Integration

There are two basic methods of sampling suspended sediments 10 obtain the representative
sample in a stream vertical. The depth integration method s used for most routine
measurements of scdiment discharge. The point-integration method is used in some large

streams and to deline vertical disiribution of sediment.

Depth-integrated samples are taken with a sampler that has an intake which points directly
into the current. The sample is collected at a rate about proportional to the stream velocity at
the intake. The sampler traverses the depth of the stream at a uniform speed, the sampling
time in any fraction of the vertical is about proportional to the depth of the fraction; and the
volume of the partial sample from any fraction is abdut proportional to the depth and

velocity (discharge per unit width) of the fraction,

Streams less than Sm deep are usually depth-integrated on a round-trip basis. The sampler s
lowered 10 the bottorn of the stream at a uniform rate and raised back to the surface at a
uniform tate, bul not necessarily the same rate. During transit, the velocity in the intake
nozzle is nearly cqual to the local stream velocity at all points in the vertical. The air in the
sample container is compressed by the inflowing liquid so that its pressurc balances the

external hydrostatic head. If the speed of lowering the sampler is such that the rate of air
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contraction exceeds the normal rate of liquid inflow, the actual rate of inflow will be higher
than the local stream velocity and some inflow may occur through the air exhaust. If the
speed of lowering the sampler is too slow, the sample container will be filled before the
transit is completed, circulation will take place, and some outflow through the air exhaust
line will occur. In practice, transit time should be adjusted o that the sample container is not
completely filled. This will avoid error in sediment content of the sample due to outflow
through the air exhaust. The transit velocities of the ampler for descending and ascending
trips need not be equal, but the velocity for each trip must be content to avoid error in

sampling.

Theoretical maximum and minimum values of R / U, the ratio of the sampler transit
velocity, R, to the mean stream velocity at the sampling vertical, U |, are determined from
Boyle's law and stream velocity. The permissible transit rate should not exceed 0.4 of the
mean velocity 10 avoid excessive angles between the nozzle and the approaching flow. The
practical maximum sampling depth for 3.2mm and 4.8mm diameter nozzles is limited 1o

about Sm when the depth-imegrating sampler is lowered and raised at a uniform rate.

24 Determination of Bed Load Discharge

The bed load discharge, i.e. the quantity per unit time of sedinment that moves past a section
by bouncing, rolling or sliding along a stream bed , may be measured, or it may be computed

by indirect methods.

Bed load may be determined in four main ways :
(a) The most direet method of measuring bed load discharge is with a slot or trap
that extends across the bed of a stream and catches the bed load that comes
down the stream. The quantity of bed load collected per unit of time is the bed

load discharge of the stream.,
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(b) Bed load discharge can be determined from several samples taken with a
poriable sampler that collects the bed load discharge from a narrow width of
the stream bed. Sometimes estimates ol bed load discharge can be made from
indirecl measurements such as Einstein (1942)

@ = S/DI2(pgAl2y|
S = lransporl in m3/ms transport = volume of grains
For conversion to total volume, S has to be divided by (1-g) in which € =
porosity. - .
A = (ps - pw)/ pw
D = grain size

¢

dimension-lcss

(<) Bed Ioad discharge can be compuled from bed material samples and the
hydraulic paramclers of the strcam flow.
(d) Bed load discharge can be obtained by subtracting suspended-sediment

discharge from total scdiment discharge.
24.1. Bed load Samplers

The devclopment of bed load samplers has been closely associat.cd with individual project
studics. The samplers have been classilicd according 1o their type of construction and
principle of operation - baskel types, pan types, and pressure-difference types. The basket
and pan types cause an increased resistance 10 flow and resultant lowering of stream velocity
at the sampler. This reduction in the stream velocity reduces the rate of bed load movement
at the sampler, with the result that some parlicles accumulate al the entrance to the sampler
and others are divericd away. The pressure-diflerence type is designed to climinate the
reduction in velocity, and thus any change in rale of bed load movement at the enlrance (o

the sampler. Calibrations of these samplers have indicaled a mcan cfficiency of about 45%



the basket or pan type and about 70% for the best designed pressure-difference type. The
efficiency of a sampler, i.c., the ratio of the trapped sediment to that actually moved as bed
load per unit of time, varies with sampler characteristics, method of supporting ampler,

hydraulic conditions, particle size, bed stability, and bed configuration.

2.4.2, Bed Load Traps

Bed load traps are slots, trenches, or small pits that are placed in the stream bed to calch
sediment that moves as bed load. The sediment caught in the trap is removed and measured.
Parshall (1933) designed a "vortex-tube” and trap for removal of coarse bed load from a
stream or canal, This device was designed to function, not as a bed-load sampler, but as a
means of preventing coarse sediment from entering and depositing in irrigation canals, power
turbines, cte. The vortex tube with a slot along the top is placed in the stream bed at an angle
of 45 degrees to the flow. The shape of the vortex tube is not critical providing the sediment
once trapped is not washed back into the stream. The sediment and a small amount of water
1s washed out at one end of the vortex tube. The tubes that were tested removed about 80%
of the bed load that was coarser than 0.50mm. Trap-type samplers are capable of collecting
nearly 100% of the bed load. However, they are costly because they are difficult to place in a

stream bed and the trapped material must be either pumped or dug out of the sampler.

2.4.3. Selection of a bed load discharge sampler

The ideal bed load discharge sampler cuts out, or samples, a definite width of the stream
sediment transported as bed load and it collects all the solids from this sampled width. Such
performance can be obtained only by careful design of the entrance and the separation
mechanism to fit the conditions encountered in different streams. The ideal sampler does not
alter the flow pattern upstream, it offers no obstruction to particles approaching the sampler,

and it rests securely in contact with the bed. Generally, the dimensions of the entrance will be



~governed by the size of particles in the bed. The height of the opening should be at least
twice the maximum grain size, while its width may vary from about 100 to 200 times the
average diamcler of particles in the bed. Whencver possible a screen should be used for the
scparating mechanism but when the stream carries greal quantitics of organic material that
would clog a screen during the sampling period, separation must be obtained by a local

velocity reduction. §

The box or basket-type sampler is the only one which can be used in mountainous Sll‘c&;ﬂ‘ll.
carrying coarsc gravel; for given entrance dimension, it is the smallest and (he least
cumbersome sampler to handle. It has the disadvantage of creating considerabic bac_kt
pressure which deflects the slow moving bottom layer around the sampler but only retard lhé )
faster flowing upper layer. Thercfore, a high percentage of the finc material rolling or

slidding along the bottom at a low veloeity is deflected, while the same size material moving

by saltation at a higher velocity is more readily trapped.

The pan type samplers scems (o be best suited for streams which have comparatively smooth.
sand beds with a relatively low rale ol bed load discharge all of which takes place in the
bottom layer. For sandy beds the pressure- difference type of sampler secems to be the most: |
satisfactory, especially when the entrance section is small and the frame flexible cnough to

ensure a snug fit against frregularitics of the bed. L *1 ’

"

The final selection of the best bed load discharge sampier for the particular conditions ina
given stream can be bascd only on a thorough calibration that duplicates all conditions of lhf;.:',' ': 5
river as closely as possible. The calibration is necessary because the efficiency with lhe"*:l
sediment sizc, discharge, cic. Regardless of the type ol sampler that is used, the calibration B

as imporlant as the measurements themsclves. With the exception of the slot-type samplcr.-,."f.t\i:'

no hed-load discharge sampler that has been designed is completely adequate for anything

but a boulder-or gravel-bed stream.
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2.5.

Determination of Total Sediment Discharge

In routine sediment investigation suspended sediment discharge is often measured and

sometimes bed load discharge is determined also. Generally the total sediment discharge of

the stream is what is actually desired.

There are several methods of determining total sediment discharge in a stream.

(a)

(b)

(c)

(d)

The total load may be suspended in a turbulence flume, a special weir or a
natural turbulence section, so that it can be sampled with a suspended sediment
sampler.

A portion of the flow can be diverted [rom the stream and analysed for
suspended-sediment concentration, and the bed load can be trapped in such a
way that it can be measured.

The total sediment discharge can be obtained from the addition of the measured
suspended sediment discharge, and the bed load discharge. Bed load discharge
may be computed using a transport formula based on sizes of bed material and
characteristic of the flow.

The Total sediment discharge can be determined from measurements of sediment

deposits in a reservoir,

The turbulence fMume consists of a sense of ballle and sills arranged to create  artificial

turbulence. The baffles are usually designed so that all the sediment is suspended, and the

capacity of the flow to transport sediment must be adequate to carry in suspension the

quantity of sediment available for transport. Under favourable conditions a turbulence flume

can be used to suspend the total sediment load so that it can be sampled with a suspended-

sediment sampler,



The most usual way of oblaining the total scﬁimcnl discharge of a stream is by adding the
measured suspended-sediment discharge 10 a bed load discharge that is measured indirectly
or that is obtaincd by analytical methods. The main problem are
(D) The un-sampled zone for suspended-sediment,
(ii)  Sclection of the best analytical method for computing bed load discharge and
(iiiy  Adjustment or correction of the compuited discharges so that they represent
the total sediment load bul without overlap of the suspended- sediment and

bed load discharge.

The total sediment discharge of a sircam during a long period of time can be estimaled from
the volume of scdiment deposited in a reservoir to which the stream conlribule its flow
during the period. The volume of accumulated sediment is determined by surveys and the

specific weight ol the sediment in place is determined or compuled.  Sometimes the

sediment discharge or yicld determined from reservoir surveys is more accurate than a

determination bascd on suspended- sediment samples, If the relention time for the reservoir
is so short that all the sedimenl is not deposited, the quantity lost in the outflow should be

measured or estimaled.

2.6 Sediment Control Measures

Canal scdiment siltation can be greatly reduced if sediment control structures are in
incorporated at the in takes or head reaches of canals. There are many sediment control
options, some more expensive than other, depending upon local conditions such as the size
of the sediments, and whether or not watcr is available for sediment flushing. Three means
of controlling sedimentation could be considered, either singly or in combination, when a
new scheme is 10 be designed or an cxisting system is to be rehabilitated, These are:

(i) Routine desilting of the canal system,

(i) Controlling the entry of sediments at the canal intake (scdiment cxclusion)
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(i11) Trapping and then extracting sediment from the canal close to the intake

(sediment extraction)

The first of these option is rarely satisfactory as the sole means of sediment control when

appreciable sediment loads are settling in canals.

2.6.1. Sediment Excluders

Irrigation canal intakes range in size and complexity from simple stone and brushwood
deflector contracted by farmer to divert water to a few small ficlds to barrage on major river
that divert water to irrigation systems connoting of hundreds of kilometres of canal and
thousands of hectares of irrigated land. A canal intake used for medium scale schemes
consists of a raised weir constructed across the river, with a gate sluicing channel adjacent to
a gated irrigation intake. Intakes are usually located at the outside of river bend. Thus at a
bend the large sediments moving near the river bed are deflected towards the inside of the
bend and are not drawn in to canal intake. Conventional intakes are operated in several ways.
In the "still pond” method, the intake configuration and the gate are set so that the velocity
of the flow in the region upstream of the canal gates is reduced. This has two effects:
Firstly, a flow pattern curving away from the intake gates is introduced, which sweeps the
large bed sediments away from the canal gates. Secondly, some sediment settles to the river
bed upstream from the intake, and is thus not diverted into the canal. The sluice gates are
opened intermittently to flush the sediment deposits that build up in front of the intake
structure. Alternatively, the sluice gates are kept open and convey water from the lower
layers of the river flow, which contains the highest sediment concentrations, downstream and
past the intake.  Walter from the upper layers of the river flow, where sediment

concentrations are lower, and diverted 1o the canal,
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Sediment excluder can be effective in reducing entry of coarse sediments that are transported

near the bed of the river, they are not very effective at controlling fine sediments.

282, Sediment Extractors

Sediment extractors are built in a canal close to intake gate to divert sediment before it can
settle in the canal. There are two types of device in common use. These are continously
operating extractors, and settling basins. Extractors divert water and sediment flowing near
the bed of a canal to an escape channel, which returns it to the river downstream of the
intake. Since sediment concentrations are highest close to the canal bed, diversion of the
bottom 10% of the flow can result in between 50% and 80% of the sediment load being

extracted. The vortex Tube and Tunnel extractors are commonly used.

Settling basin consist of an enlarged canal section, usually constructed just downstream from
the intake. The water velocity is very low in the settling basin because of the large cross
sectional area. Therefore, sediment which can no longer be carried by the water drop out of
suspension.  Sediment carried in the flow enlters the basin where all but the finest size
fractions scttle. As the bed level rises, the flow velocity in basin increases, and the particle
size and concentration of the sediment leaving the basin and entering the canal also increases.
When the basin is full of sediment, it is flushed by opening low level sluices at the
downstream end. During flushing all the incoming flow is diverted through the sluices. This
means that the canal has to be closed for some hours every one or two weeks during the
flushing operation. In systems where a continuos flow of irrigation water must be
maintained, paralleled settling basins operating alternately are used to control sediment

without interrupting irrigation supplies.
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CHAPTER 3

RESEARCH AND METHODOLOGY

3.1 Introduction

A survey of the Kadawa lateral and distributary canals was carried out. The survey was
aimed at cstablishing the bed profile and also selecling sections of the canal whose hydraulic
and physical feature conform with the requircment for measuring both suspended-sediment
and bed load of the sclected canal. Seven sections numbered KLCI, KLC2. KLC3, KDC1,
KDC2, KFC1, and KFC2 were sclected (Figure 1.2)

Scction KLCl is lined. There are no needs in the canal at this ections. A stalf guage was
installed at this section to record the depth of flow in the canal. Sections KLC2 and KDCI
are not lined. The submerged weeds at these seclions were cleared before measurement,
Section KLC3 and KDC?2 arc not lined. The canal at these sections are weedy. Section
KEC1 is not lined. There are no weed at this section. A staff guage installed at this section
to record the depth of {low during measurement. Section KFC2 is not lined and the canal al
this scction is weedy.

Mcasurements were carried out between February and May 1992, Although some
- measurements were carried out uplill July 1992 but were not used in the final analysis due to
some inconsistency in ihic data, Data were collected only for these short periods as a result of
the economic factors and logistics problems.

Dala collected included suspended scdiment concentration, bed load concentralion, grain size

of sediment, water level, water discharges and geomelric properties of the canal.
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3.2 | Sediment Measurements |

3.2.1. Suspended- Sediment Measurement

Suspended load is the scdiment that is supported hy vertical components of the velocities in
wrbulent flow while being carricd forward in the stream by horizontal component of the
velocilies. Studies have shown that suspended sediment concentration in a sircam usually
varies from thc surface to lhe bottom, and in some instances from side (0 side, with a
minimum at a water surface and a maximum near the stream bed. However, suspended
sediment measurements were taken for sampling verticals at 1/4, 1/2, and 3/4 points in the
width of the canal using a US DH-48 depth inlegrating hand sampler at the selected sections

mentioned above,

The sampler with an intake nozzle of 3.2mm. was lowered to the bottom of the canal at a
uniform rate and raiscd back to the water surface at a uniform rale. The sampler was
stopped only momentarily at the bottom 1o reverse direction and sampling was conlinuous
during these periods of transit. The average of the three samples in a sampling vertical was

taken for laboratory analysis of the water-sediment mixtures.

The water-sediment mixture samples were analysed for the sediment concentration using the
vacuum pump lechnique. The technique involves scaling the filter with a small volume
(10mls) of distilled water. An amount of 100 mls of well-mixed sample was filtered through
the filler and oven dried for 1 hour at 1050C. It was cooled in a dessicator and weighed.
The cycle of drying, cooling, desiccating and weighing was repeated until a weight which i

less than 4% of the previous onc was oblained.

-
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Thus, the sediment concentration is calculated as:

concentration, dry weight of sediments (g)
in mg/l X 106

volume of waler-sediment

mixture taken (mls)

An example of the analysis is presented in section 3.5.1.
3.2.2 Bed Load Measurements

Bed load is the sediment that moves by saltalion, rolling, or sliding on or near the canal bed.
The devices available for the bed load measurements include pit-type iraps, pervious basket-

type or pan-type samplers or pressure-dilference samplers.

However, these expensive equipment are nol localty available for use and as such, due to
limiled financial resources, such equipment are out of the rescarcher's reach. Thus, a
relatively simple box bed load trap technique was used. The trap designed has the dimcnsioﬁ
of 0.90m by 0.45m by 0.20m with inner baflles inclined at 45 degrees o the sides of the trap

in order to control the sediment trapped from onward movement. ( Figure 3.)

The bed load trap is carefully embedded firmly across part of the canal bed at seclions
‘KLCZ,_KDCI, and KFC1 to ensure its safely against the velocity of flow to prevent being
swapped away or shified. Three sections were chosen for the study due to the economic
factor for lhe construction materials for the 'box’ trap and inaccessibility of the weedy
sections. The bed load mecasurcment was taken on a weekly basis due to the slow

accumulation of sediment on the irap.
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% For each measurement period, the trap is carefully lified up and the sediment trapped neatly
removed for laboratory analysis. The samples were oven dried and the sediment was

weighed (o obtain the concentration by weight.

" '_'-_'- - An example of the analysis is presented in section 3.5.1.

-

3.3 Discharge and gauging

JECIE S

Discharge mcasurements were taken al the selecied section of the canal using velocily .-Area
method. The method involve dividing the seclions into a number of equally spaced vertical
profiles. The mean velacity at each vertical profile is then determined by using current meter.
- For average accuracy, sections KLC2 and KDC1 were divided into 13 verticals whiie section
KFC1 was divided into 10 verticals. At each vertical, current meicring measurements were
taken at two points (at 20% and 80% depth of flow from the water surface) except where
the depth of flow was less than (.5m. In such cascs, current metering measurements were
taken at one point (60% depth of flow from the waler surface). The number of revolutions

recorded by the current meter in 50 seconds were converted to velocity by using the

calibrating equalion of the meler given as:

V = 0883n+ 0.048 for n < 1.68
V= 010020+ 0.028 for 1.68 < n < 6 and
V = 010290+ 0.012 | forn > 6

where n is the number af revolution per second and V is the velocity in m/s.

The mean velocity at cach vertical profile was given by the average of the velocities at 20%
and 80% depth of flow when two point mcthod was used. The velocity at 60% depth of
flow was takcn as the mean velocity in the vertical when one point method was used.

-
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Current metering measurements were taken along side with the water level and sediment

measurements.

Examples of the measurements taken are presented in appendixes Al to A3. The discharge

in each section was computed by mid-section method.

3.4 Particle (Sediment ) size and Analysis

Particle size information regarding sediment that may be eroded, transported, or has been
deposited is useful in the application of predictive theory on erosion transport, and

deposition rates and quantities.

In deposition, particle size is one of the most important aspects in the evaluation of the
amount of space a given weight or quantity of transported sediment will occupy . Sieve

analysis of the samples collected were carried out .

3.4.1. Sieve Analysis

Three different samples KLC2, KDC1, and KFC1 were collected and analysed. An amount
of 200 grams were used for each sample and washed through sieve number 200 to get rid

of silts and the remaining amounts were oven dried.

After the oven drying the normal procedures for sieve analysis were followed and the results
are as presented in Appendix Ad to A6. The particle size distribution curves were plotted

using percentage finer against sieve sizes (Figures 510 7)
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3.5 Computation of Parameters

The following parameters were evaluated:
() Secdiment concentration at canal scetion
(i) Sediment discharge in the lined and unlined canal scetions.
(iii) Hydraulic elliciencies of the canal scctions
(iv) Volume of sediment deposition and scour

The data required for this analysis include;
(a) Suspended-sediment concenltrations at seclions
(b))  Bed load concentrations at sections
{©) Discharge al sections
(d)  Geomelric properties of the canals

The method adopted for measuring suspended sediment and bed load concentrations at each
canal section was presented in scction 3.2.1. and 3.2.2. respectively.  The method adopted
for measuring (he discharge at each canal section was presented in section 3.3. The
geomelric  properties of the canal at the chosen section were measured ( Tables 4.6(a) (0
4.6(h) )

An example of the analysis of cach paramecter is presented in section 3.5.1. to 3.5.3. The
summary of the results for paramciers are presented in chapter 4.

3.5.1 Sediment discharge

The suspended-sediment discharge in cach section was computed as follows:

Suspended-sediment daily mean ' daily mean

discharge = Sediment X waler X conversion

(Kg/day) cancentration discharge factor
(mg/l) (m3fs) (1.1574 x10-3)

1 day = 86400 seconds.
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For example,

Suspended-sediment discharge Qg at KLCL is compuled as follows:
Mecan suspended- sediment concentration = 75.58 mg/l

Mean water discharge = 2.466m3/s

Q, = 7558 x 2.466 x 1.1574x10-5

= 2.157x10-3 ky/day

For Scction KLC2

Mcan suspended - sediment concentration

82.24 mg/
Mcan water discharge 2.40 m3ss
Qg = 8224 x 2.40 x 1.1574x10°3

= 2.284 x 10-3 kg/day

n

For Scction KLC3

Mean suspended -sediment concentration = 90.05 mg/l

Mean walter discharge = 2.02 m3ps

Q — 00,05 x 2.02 x 1.1574x10™

=2.105x10-3 kg/day

For Section KDCH,

Mecan suspended- sediment concentration

1]

890.66 mg/l
0.314 m3/s

Mean water discharge

Qg 890.66x0.314 x 1.1574x10-3

3.237x10-3 kg/day



For Section KDC2,

948.07 mg/l
0.30 m35

Mean suspended-sedimenl concentration

It

Mean water discharge
Qs = 948.07 x 0.30 x 1.1574x10"3

= 3.29x10-3 kgilay

For section KFC1

= 1575.17 mp/l

* Mean suspended-sediment concentration
= 0.060 m3/s

Mean water discharge

Qs 1575.17 x 0.060 x 1.1574x10-3

= 1.09x10-3 kg/day

For Section KIFC2,

= 1575.85 mg/
= 0.057 m3%

Mean suspended-sediment concenlration

Mean water discharge
1575.85 x 0.057 x 1.1574x10"

Qs
1.04x10-3 kg/day

The suspended- scdiment discharge computed is as presented in Table 4.2(a)
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The bed load discharge in each section was computed as follows:

Bed load discharge = Mean bed load cone. x 10-3 kg/day

For example the bed load discharge Qy, at section KLC2 is computed as follows :

Mean bed load conc, = 3.257 g/day
Qp, = 3.257x10-3 kg/day

For section KDC1,

Mean bed load cone. = 2.773 g/day
Qp = 2.773x10-3 kg/day

For section KFC1,

Mean bed load conc .= 1.989 g/day
Qb = 1.989x10-3 kg/day

The bed load discharge computed is as presented in Table 4.2(b)



3.5.2 Hydraulic efficiency of sections

The hydraulic efficiency of a section is defined as

MNe = Qu/Qp x 100% (3.1
where Qp, = measured discharge at a depth of flow
Qp = designed capacity of the section at the depth of flow.

For Section KL.C1,

bottom slope, S = 0.002% (NEDECO 1973)
bottom width, b = 1.0m
Side slope, 2z = 1.5m

roughness co-efficient, n = (.02

atdepthof flow, d = 0.8Im

cross-sectional arca, A (b+tdz)d
= 1.794m?2

2d(1+ ZH112 4 p

n

wetted perimeter, p

= 3921 m
Hydraulic radius, R = A/P = 0.458m
Qp = (ARZ3 51/2)“1

2.384 m3/s



But measured discharge at depth of flow,

Om = 2.160 m3/s

Hydraulic efficiency, ne = Om/Qp x 100%

= 2.160/2.384 x 100%

= 90.6 %
For section KL.C2,
atdepthof flow, d = 0.88m
cross-sectional area, A = (b+dz)d

= 2.042m?2
wetted perimeter, p = 2d (1+ZZ)”2 + b
= 4173 m
AP = 0.489m

i

Hydraulic radius, R

Qp (AR2/3 S12y

I

1.889 m3/s

But measured discharge at depth of flow,
Om = 1.466m¥s
Hydraulic efficiency, ne = Om/Qp x 100%

]

1.466/ 1.889 x 100%

77.6%

37

(n=0.030)



For section KLC3

at depth of flow, d = 0.88m
cross-sectional area, A = (b +dz) d

= 2,042 m2

wetted perimeter, p = 2d (1+22)1/2 4+ b
= 4173 m
Hydraulic radius, R = AP = 0489 m
Qp = (AR23 sl/2y/y (n

= 1.889 m3/s
But measured discharge at depth of flow,

Qn = 1L420m3s

Hydraulic efficiency, ne = Qg4 /0Op x 100%
= 1.420/ 1.889 x 100%

= 75.2%
For section KDCI1,
bottom slope, s = 0.002%
bottom width, b = 1.0m
side slope, z = 135

roughness coefficient, n = 0.030

atdepthof flow, d = 0.48m

cross-sectional arca, A = (b+dz)d
= (.826 m

wetled perimeter, p = 2d(l+22)”2 + b
= 2731 m

= 0.030)

(NEDECO 1973)



“ " Hydraulicradius, R = AP = 0.302m
Qp = (AR2381/2y/q
: = 0.555m3s |
But measured discharge at depth of flow,
Qq = 0.314m3ss
-~ Hydraulic efficiency, ne = 0.314/0.555 x 100%
% = 57%
For section KDC?2
at depth of flow, d = 0.48m
cross-scctional area A = (b+dz)d
' = 0.826 m2
i wetied perimeter  p = 2d(1+Z2)1/2 4+ p
= 2731m
Hydraulic radivs, R = A/P = 0302m
' op = (AR¥3s12y/
- = 0.555m35s
But measured discharge at depth ol flow,
[' Qq = 0300m3s
~ Hydraulic efficiency, ne = 0.300/0.555 x 100%
= 54.1%



For section KFCI1

bottom slope, s = 0.002% (NEDECO 1973)
bottom width, b = 0.5m "
side slope, z = 10 "
roughness coefficient, n = 0.030 "

at depth of flow, d = 0.29m
cross-sectional area, A = (b +dz)d
= 0.229 m2
wetted perimeter, P = 2d(14Z2)1/2 4 b
= 1.320m
Hydraulic radius, R = A/P = 0.173 m
Op = AR2381/2y/q
0.106 m3/s

But measured discharge at depth of flow,

Qm = 0.060m3s

Hydraulic efficiency ne = 0.060/0.106 x 100%
= 56.6%

For section KFC2,

at depth of flow, d = 0.29m
cross-sectional arca, A = (b+dz)d
= 0.229m?2
wetted perimelter, P = 2d(1+22)1/2 4+ b
= 1.320m
Hydraulic radius, R =A/P = 0.173m
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Qp (AR2/381/2y 1y

0.106 m3/s

But measured discharge at depth of flow,

Qn = 0.058mds

Hydraulic efficiency, ne = 0.058 /0.106 x 100%
= 54.7%

3.5, Volume of sediment deposition and scour at canal sections

The volume of sediment deposition and scour in the canal sections was computed by
multiplying the difference in areas of the measured and designed cross-sections by the length
of the canal reach. The geometric propertics of the lined and unlined canals at the sections
KLC1, KLC2, KDC1 and KFC] are presented in Tables 4.6(a) to 4.6(d) respectively. The
geometric properties of sections KLC3, KDC2 and KFC2 could not be measured because the

sections were weedy.

For example, measurements taken at section KLC1 were :

Designed cross-sectional area = 3.84m2
Measured cross-sectional area = 3.84m2
Length of reach = 4000 m

(3.84-3.84) m2 x 4000 m

Volume of sediment
deposition/scour

= nil
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For section KLC2,

Designed cross-sectional area
Measured cross-sectional area

Length of reach

Volumc of sediment
deposition/scour

For section KDC1,

Designed cross-sectional arca
Measured cross-sectional area
Length of reach

Volume of sediment =
deposition/scour

For scction KFClI

Designed cross-scctional area
Mecasured cross-sectional arca

Length of reach

Volume of sediment

It

deposition/scour

3.84 m2
3.31 m2

= 3000m
(3.84-3.31) m2 x 3000 m

1590.0 m3

1.44 m2

1.59 m2

= 2000 m2

(1.44-1.59) m2 x 2000 m

23000 m3

0.36 m2

]

0,33 m2

= 1000 m
(0.36-0.33) m2 x 1000 m

30.0 m3
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The negative sign indicates that there was more scouring than deposition, The volume of
deposilion and scour computed is presenied in Table 4.6. The cross-sectional area for
sections KLC3, KDC2, and KFC2 could not be measured because these sections were

weedy. As a result of this, the volume of sediment deposition and scour could not be

computed.
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PLATE I: A Lateral canal infested with weeds.

PLATE II. A Oistributary canal overgrown with weeds



PLATE III: A Field channel silted up.

PLATE IV: A Field channel overgrown with weeds.



o CHAPTER 4
RESULTS AND DISCUSSION

4.1 Introduction

The following parameters were evaluated during the study. This chapter presents and discuss
the parameters.

{a) Sedimenlt concentralions

(b) Secdiment discharge ) g ' R

() Hydraulic efficiency |

(d) Volume of sediment deposition and scour

(¢) Particle (scdiment) size

4.2 Sediment Concentrations

R :

The summary of the sediment concentrations obtained s as presented in Table 4.1(a) The
suspended-sediment concentrations ranged between 0.0756g/1 and 1.576g/1. The bed load
concentrations ranged between 1.99g/day and 3.26g/day. [Table 4.1 (b)]
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Table 4.1(a) Mean Sediment Concentration at sections (25/2/92 - 12/5/92)

Sections Suspended-sediment concentration
mg/l

KLC] 75.58

KLC2 82.24

KLC3 90.05

KDC1 890.66

KDC2 948.07

KFCl 1575.17

KFC2 1575.85

Table 4.1(b) Mean Bed-load Concentration at sections (25/2/92 - 12/5/92)

sections Bed-load concentration
_g/day
KLC2 3.26
KDC1 2. 77
KFCI 1.99
]
4.3 Sediment Discharge

The results of the mean sediment discharge in reaches between the sections is as presented in
Table 4.2(a) to Table 4.2(c). Table 4.2(a) shows the suspended sediment discharge in the
Kadawa sector for the period between February and May 1992, The suspended sediment
discharge at different flows ranged between 1.04x10-3 Kg/day and 3.29x10-3 Kg/day with a
mean value of 0.46x10-3 Kg/day.
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Table 4.2(a) Mean Suspended-sediment Discharge at sections

Sections Suspended-sediment discharge Discharge
x 1073 (Kg/day) (m-/s)

KLC1 2.157 2.160

KLC2 2.284 1.466

KLC3 2.105 1.420

KDC1 3.237 0.314

KDC2 3.290 0.300

KFCl 1.090 0.060

KFC2 1.040 0.058

Table 4.2(b) shows the bed load discharge at different flows in the Kadawa sector. The bed
load discharge ranged between 1.99x10-3 Kg/day and  3.26x10-3 Kg/day with a mean
value of 2.67x10-3 Kg/day. There was more bed load at section KLC2 than section KDC1
while section KFCH has the lowest. This finding conforms with a similar study on sediment
monitoring technique in Philippines (Brabben, 1989).  Brabben identified that the transport
of the bed load is primarily dependent on the carrying capacity of the flow, and is governed
by hydraulic parameters in particular the flow velocity according to the relation Qg = ¢ QR
[This agrees with the result obtained with velocity of flow higher at section KLC2 than

KDC1 and KFC1, although the three sections were unlined .
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Table 4.2(b) Bed Load Discharge at sections

Sections Bed load discharge Discharge
x10-3 (Kg/day) (m3/s)
KLC2 3.26 1.466
KDC1 2.77 0.314
KFC1 1.99 0.060

Table 4.2(c) shows the total load of each selected section of the canal. The total load ranged

between 1.04x10-3 Kg/day and 6.01x10-3 Kg/day with a mean value of 3.32x10-3 Kg/day.

Table 4.2(c) Total Sediment Load at sections

Sections Total sediment load

x10-3 (Kg/day)

KILCY 2.157
KLC2 5.544
KLC3 2.105
KDCI 6,007
KDC2 3.290
KFC] 3.080
KFC2 1.040
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4.4 Hydraulic efficiency

The hydraulic efficiency of a section is defined as the ratio of measured discharge at a depth
of flow to the designed discharge at the same depth of flow, The results of the computation
of the hydraulic efficiency of the lined and unlined sections are presented in Table 4.3 to

Table 4.5,

(a) The result of the hydraulic efficiency of the Kadawa lateral canal at selected sections is
presented in Table 4.3, The hydraulic efficiency of the section ranged between 75%
and 91% At sections KLC1, the canal is lined and there are no weeds, thus given a
high hydraulic elliciency. At section KLC2, The canal is not lined and there are no
weeds. This gives lower efficiency as compared with section KLC1. Section KLC3 is an’
unlined canal with weeds. This gives the section much lower hydraulic efficiency as

compared with section KLCI.

Table 4.3  Hydraulic efficiency of the Kadawa lateral canal at Sections

Section Depth of Design Discharge Mecasured Hydraulic efficiency
Flow (m) (m3/s) Discharge (m3/s) %
KLC 1 .81 2.384 2.160 91
KLC 2 0.88 1.889 1.466 78
KLC 3 (.88 1.889 1.420 75
Mean 81
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(b)  The result of the hydraulic efficiency of unlined canal at section KDC | and KDC 2
presented in Table 4.4, The hydraulic efficiency of these sections ranged between 54%
and 57%. At section KDC 2 there are weeds in the canal and silt deposits due to low

velocity of flow. This makes the hydraulic efficiency of the section as low as 54%.

Table 4.4 Hydraulic efficiency of the Kadawa distributary canal at sections
Section Depth of Design Discharge Measured Hydraulic
flow (m) (m-/s) Discharge (m-3/s) efficiency %
KDC | .48 0.555 0.314 57
KDC 2 0.48 (.555 0.300 54
Mean 56

(¢) The result of the hydraulic efficiency of unlined canal at section KFC I and KFC 2 is
presented in Table 4.5. The hydraulic efficiency of these section ranged between $5%

and 57%. There are weeds in section KFC 2 and the retardance effeet of the weeds on

the flow in the canal reduced the efficiency of the canal to this low value,

Table 4.5

Hydraulic efficiency of the Kadawa field canal at sections

Section Deptof | Design Discharge | Measured Discharge Hydraulic
flow (m) m-/s m Vs efficiency %
KFC | 0.29 0.106 0.060 57
KFC 2 0.29 0.106 0.058 a3
Mean 56

The mean hydraulic efficiency of the Kadawa lateral canal was 81%. This value agrees with
value of 81% reported by Jimoh (1991) on the same canal. However, the mean value for the

distributary (unlined) canal was 56% as against 64% (Jimoh, 1991).
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4.5 Volume of Sediment Deposition and Scour

The summary of the volume of sediment deposition and scour in the canal sections is as
presented in Table 4.7. The volume of sediment deposition ranged between 30m3 and
748.24m3. The volume of sediment scour ranged between 240.0m3 and 841.77m3. The
balance between deposition and scour in the canal sections shown in the table, indicates that
the amount of sediment subsequently deposited from the canals in which it has been scoured
was 89% in section KLC 2, 25% in section KDC 1, and there was no scouring but only
deposition in section KFC 1. Figure 4.6 (a) - 4.6 (d) illustrate the design and present

conditions of the canal cross-section,

Table 4.6 (a) Geometric Properties for the Lined Reach at Section KLC1 i
Canal Geomelry Designed Value Measured Value
3.84 m2 3.84 m2
Ws 475 m 475 m
[« 8 1.30 m 1.30 m
P 5.50m 550m
R 0.69 m 0.69 m
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Table 4.6(b) Geometric Properties for the Unlined Reach at Section KLC 2

Canal Geometry Designed Value Measured Value
A 3.84 mZ 331 m?
Ws 475 m 375 m
dm 1.30 m .04 m
P 5.50 m 513m
R 0.69 m 0.65 m

Table 4.6 (¢) Geometric Properties for the Unlined Reach at Section KDC 1

Canal Geomelry Designed Value Mcasured Value
A 1.44 m?2 1.59 m?
Ws 3.00m 3.50m
dmy 0.70 m 0.50 m
P 350m 393 m
R 0.41 m 0.40m
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Table 4.6 (d) Geometric Properties for the Unlined Reach at Section KFC 1

Canal Geomeltry Designed Value Measured Value
A 0.36 m? 0.33 m2
Ws 1.50 m .13 m
dim 0.4 m 031 m
P 1.93 m 1.65 m
R 0.19m 0.2m

For section KLC 1, there was no deposition nor scouring. On the other hand, for section
i
KLC 2, there was deposition of sediments to the magnitude of 748.24 m? and subsequent
scouring (841.77 m3) at both sides of the canal section. The designed (0.49m/s) and
measured (0.44m/s) velocities do not vary significantly to cause scouring of the canal but the
scouring was as a result of the activities of cattle grassing near the sides of the canals. Since
the canal at this section was operated at a velocity lower than the designed velocity,
deposition sediments results. For section KLC 1, in which the designed velocity (0,40 m/s)
is much higher than the measured velocity (0.20 m/s), deposition of sediments is expected to
be experienced bul scouring was (he case. This was due Lo irregular opening of the night
storage reservoir gate by the farmer This results in high flows. The effect of this scouring
was felt downstream of the field channels which gets silted up often. At the time of study,
the measured velocity of one of the ficld channels at section KFC | was 0.18 m/s as against
the designed velocity of 0.30 m/s. This result in deposition of sediment in the channel. The

Jong term effect of this will be that at a point there would not be flow at the downstream end

and the continuity equation of flow will be affected.



Table 4.7  Volume of sediment Deposition and Scour at Sections

Deposition and Scour in the Section
KLC 1 KLC2 KDC 1 KFC 1
Deposition - 748.24 m3 60m3 30m3
Scour - 841.77m3 240m3
4.6 Particle (Sediment) Size

Appendix A4 shows the result of sieve analysis on soil sample KLC 2 and the corresponding
particle size distribution curve is shown in Figure 5. Appendix AS shown the sieve analysis
resulis from sample KDC 1 and the corresponding particle size distribution curve is shown in
Figure 6. Appendix A6 also shows the result of sieve analysis done on soil sample KﬁC 1
and the corresponding particle size distribution curve is shown in figure A7.

The particle size distribution curves were plotted using percentage liner against sieve sizes.
The curves are of the same pattern but are slightly different from particle size distribution of
graded sand samples. Samples KLC 2 and KDC 1 have d50 = 0.20mm while sample KFC 1

has d50 = 0.30mm as presented in Table 4.7,

Table 4.8: The Sizes of the Bed Materials

Size /[Sample d5( (mm)
KLC 1 0.20
KDC | 0.20
KFC 1 0.30
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" 'This particle size distribution indicates that the scdiment being transport though the canal

system is predominantly silt and clay. As a result, it promotes rapid vegetative growth of
weeds. The result of this size distribution was used in sclecting the critical velocity ratio
used in the critical shear stress concept to delermine deposition and/or scour for the design

and observed [low,
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATION

5.1 Introduction

This study has examined the silting characteristics of distributaries in the Kadawa scclor of
the Kano River Project between February and May 1992 for the 1991/92 dry season farming.
The criteria used for examining the silting characieristics ol the system include :

(i ) Sediment discharge to sclected sections of the canals in the project arca.

(i1 ) Establishing the bed profile cross-scction of the selected sections of the canals.

(iii ) Hydraulic efficicncy of the canals.

(iv ) Yolume of scdiment deposition and scour in the sclected canal scctions.
5.2 Conclusions

Tﬁc following conclusions were drawn {rom this study :

() From the sicve analysis of the sail samples, the sediment transported through the canal
system is predominantly silt and clay. This aids rapid vegetative growth of weeds.

(i) About 1082 m3 of scdiment were scour, out of which 838 m3 are deposited as al the
time of study in the scleeted portions of the canal system. The balance of 244m3 are
carried to the downstream cnd of the canal system.

(iii) The sediment concentration in the sclecled scctions of the canal during the period
Fcbruary to July 1992 ranged between 0.076 g/i/day and 1.575 g/l/day and 1.99

g/day and 3.26 g/day for the sediment in suspension and sediment in contact with bed

Wi
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(iv)

)

(vi)

(vii)
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respectively. The average rate of sediment concentration is 0.847 g/l/day and 0.262
g/l/day for sediment in suspension and sediment in contact with bed respectively.

It was identified that the suspended sediment concentration is uniform at all points in
the cross-section. Also, it was identified that the transport of the bed material load is
primarily dependent on the carrying capacity of the flow and is governed by hydraulic
parameters, particularly the flow velocity as shown in Table 4.2 (b)

The amount of the bed load (2.62g/day) is small as compared with total sediment load
(23.22g/day) . The bed load discharge is found to be 11.3% of the total sediment load.
This shows that most of the loads are in suspension and the canal bed is relatively
uniform. This might be due to catchment erosion of the top soft soil of the area.

[t was identified that the canals are not properly maintained. The distributary field
canals are infested with weeds . As a result, its hydraulic efficiency was 56%. On the
other hand, the hydraulic efficiency of the lined Kadawa lateral canal was 91%. This
lined section is not infested with weeds.

It was identified that the velocity of flow in the Kadawa distributary canal is high as to
cause scouring. As a result, there is more scouring than deposition at these sections of
the canal. On the other hand, the velocity of flow in the field channel is very low and

greater percentage of sediment scoured from other sections is deposited.

Recommendation

The following recommendation on how to reduce the siltation problem and improve on the

efficiency of the canal in the selected section were made.

(i)

proper maintenance of the canals is essential.  The management authority should
emphasize on the maintenance of the canal. Partial closure of the canals in May and
June is recommended to allow the clearing of weeds. Continued hand clearance of

weeds is envisaged.
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(iii)

A detailed diagnostic investigations and rehabilitation of canals in the Kadawa irrigation
scheme is recommended. The study should concentrate on improving the estimation of
canal water requirements and the upgrading of the distribution system to deliver the
required volumes of water. For this 10 be achieved sillation and weed growth in the
canals require an adequate atlenlion. Also, the upgrading of both management and

infrastructure is required
The irrigators should be trained an how Lo aperate the ternouts so as to attain designed

upsiream head and to advice the tenants 1o desist from the indiscriminale clearing of

the ficld channels as this aflcct the channel gcometry.
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