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ABSTRACT

A comprehensive series of model tests were carried out in order to investigate
factors affecting the sediment exclusion efficiency and hydraulic characteristics of
canal headworks and sediment excluders of the type proposed for the Wadi
Dhamad Irrigation Project, Saudi Arabia. The investigation was carried out on a
model of a representative structure, for which the prototype canal design discharge
was 20m>s ', The tests confirmed that the most important factors affecting the
sediment exclusion efficiency and the hydraulic characteristics of canal headworks
located at diversion weirs on wadis are: (a) the geometric layout of the canal intake
and the sluice channel; and (b) the downstream water levels of the canal and at the
sluice.

As compared with the original design, it was shown that sediment exclusion could
be improved by a number of modifications. The most important involved utilizing
only one sluice channel and improving the approach flow conditions by forming an
artificial island or guide pier between the sluice channel and the diversion weir.
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HYDRAULIC MODEL STUDIES ON SILT EXCLUSION

INTRODUCTION

In the development and rationalization of spate
irrigation schemes in the Arabian peninsular, there has
been a requirement for many similar diversion weirs
on the numerous wadis involved. Special operation
and design factors characteristic of the area are: the
steep slopes of the wadis; the high peaks and short
duration of the flood flows; and the high sediment
loads. The weirs which divert the water into the
irrigated areas represent a large proportion of the total
cost of the development and in order to keep the cost
of the weirs to a minimum it is necessary for the head
drop across them to be kept as small as possible.

The head drop is not dictated by the requirements
of commanding the irrigated land, as it is usually easy
to gain command quite quickly because of the steep
catchments. However, it was found that sediment
exclusion from the irrigation canals was an important
factor in determining the necessary head drop across
the weir and hence the height of the weir crest above
the wadi bed.

Two series of model tests were carried out to
achieve a design which gave efficient sediment exclu-
sion, and a limited third series was used to investigate
the reduction of efficiency caused by relatively low
head differences across the diversion weir.

A number of model studies have been carried out,
but very few field investigations have been undertaken
into the detailed hydraulic behavior of prototype ex-
cluders. Some general feedback has occurred partic-
ularly when sediment exclusion was unsatisfactory.
There has been a notable general lack of field studies
to establish model/prototype conformity. A fairly com-
prehensive coverage of available knowledge on sedi-
ment excluders can be found in References [1-4].

The layout finally adopted was a form of curved
channel excluder, but with a converging curved sluice
channel. The convergence had some useful effects on
the flow in the sluice channel.

Since the purpose of the investigation was to for-
mulate a type which could be used generally at many
headworks, no attempt was made to model the char-
acteristics of individual sites. It was assumed that a
particular headworks would be sited in a reach of a
wadi at a location most favorable from the sediment
exclusion point of view; the curved channel excluder
represented a second stage of sediment control, within
the internal structure of the headworks.

GENERAL NATURE OF SEDIMENT
EXCLUSION PROBLEM IN THE REGION

Many of the wadis in the southwest coastal regions
of the Arabian peninsular originated in the mountain
ranges which run parallel to the coast, and after the
occurrence of the infrequent rainstorms the flows enter
the coastal plain. Generally, the floods are of short
duration, but peak discharges can be very high. Tradi-
tionally these spates have been diverted from the wadis
for irrigation using earth banks sometimes as high as 6
or 8 m. These are now being replaced by permanent
structures able to withstand the infrequent but large
peak discharges. During floods the sediment load may
be high as 4 per cent of the total discharge in the
steeper parts of the catchment, and the construction of
reservoirs or ponding structures is not economically
attractive because of the speed with which they will silt
up. Thus the effective life of a typical reservoir in the
region could well be less than 20 years. The short
duration of the floods further exacerbates the diversion
problem, as the structures must be able to divert
relatively large flows into the canals in order to irrigate
the fields in the short time that water is available. At
the same time, the high peak discharges combined
with the need to minimize the cost of the structures
means that only a small head drop can be available
across each diversion weir.

Against this background, there is the almost univer-
sal problem of sediment exclusion at an irrigation
canal headworks, arising because the lower velocity
flows in the irrigation canals are not able to transport
sediment at as high a concentration as is sustained in
the faster-moving parent river. No general solution has
been found to this problem since it is to a large extent
dependent on climatic and morphological character-
istics in the particular area under consideration. Some
factors relevant to design are: (1) river flow variability;
(2) sediment transport rates in the river; (3) availability
of water for sluicing purposes; (4) availability of head
for sluicing purposes; and (5) river mobility, such as
the tendency of rivers or low-flow channels to shift
course.

In the region considered, the wadi flows transport
mostly sand and gravel, although for the majority of
the time the wadis are dry and typical storm flows last
for only one or two days. Peak flows occurring for
only a few hours are followed by an extended reces-
sion. The situation changes rapidly from times when
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{a) only sufficient water is available to supply the
canals with less than full supply discharge; (b) sufficient
water is available to supply the canals, with some
water available for sluicing, and (c) adequate water is
available to supply the canals and for full sluicing,
although at this stage she sediment concentration in
the wadi tends to be higher due to the higher flows.

It was appreciated that with only a small head drop

available there would be some conflict in the design

most appropriate for all three stages (a), (b), and (c),
and this was part of the problem to be investigated.
However, the longer period occupied by the recession
did suggest that a design which was satisfactory for (a)
and (b) could be acceptable provided performance for
(c) was not completely unsatisfactory.

DIVERSION WEIR AND HEADWORKS
DESIGN

The diversion weirs are located in the foothills and
in the coastal plains where the wadis are relatively
broad, with beds consisting mostly of sands and vary-
ing amounts of coarser materials up to boulder size.
The location plan of a typical structure is shown in
Figure 1. The weirs have traditionally been construc-
ted of concrete, although more recently alternative
types of weir construction have been considered such
as permeable face protection using tipped rock. The
weirs can be very long—up to 1500 m. This typical
diversion structure was used as a basis for the model
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investigation, having left bank and right. bank canal
flows of 20m? s~ and 15m?s ! respectively. Corres-
ponding to the sluice gate sizes and arrangements
envisaged in a preliminary design, and allowing for the
maximum anticipated tailwater levels in the wadi, it
was calculated that flows through the sluice at the left
and right bank headworks would reach 14m?®s~! and
10m3s ™!, respectively, before the diversion weir was
overtopped. Once the diversion weir was overtopped,
the sluice flows would increase only slowly due to a
rise occurring in the wadi tailwater levels as well as in
the water levels upstream of the weir. Tailwater level
cannot be predicted very accurately owing to the
backing-up effect of shoals and banks at relatively low
flows, and to the possibility of degradation down-
stream of the diversion weirs. During peak flood flows,
the wadi will flow full, but at the lower discharges low-
flow channels will develop, the positions of which will
be variable and unpredictable, especially in the first
one or two years of operation of a diversion weir, and
different approaches to a canal headworks along the
face of the weir would be quite common.

The headworks for the left-bank canal of capacity
20m3s~! was selected for detailed study. The
preliminary layout for this headworks can be seen in
Figure 2, which of course shows mainly the canal
headworks and the sluice channel, only a short length
of the 250 m long diversion weir being included in the
Figure. A typical section through the weir is shown in
Figure 3a, and a section through the sluice channel in
Figure 3b. The preliminary design envisaged a sluice

MZ

D:rectlon of flow

in the wadi
/Note contours
in meters
.....,
L 1 l I ! ]
0 500 m

Location Plan for Wadi Dhamad Diversion Weir



2
S
[
]-9
-2
Rt [}
/0 [
NS
%\ \r-8 ‘
canal flow 0.8 5m sluice gate:
{/4,;, 0 91, ~
7 A _\0
=
5m canal 92.15 = 93.10
headgates crest of weir
immi LR 1.65 'ddiVidlel wall |
tmmmg weir I guide wal L’ A
0.5m high B .
- "\ag, f/o .
<8 We;,
135
25
5
$2

Prototype dimensions
levels shown thus 93.10

Figure 2. 20 m®s' Headworks: Preliminary Layout

channel, generally 1.45m below diversion weir crest
level, leading to two 5m wide by 1 m deep sluice gates.
The sluice channel was divided approximately into
two by a 1.45m high guide wall, the top level of the
wall being at the same height as the diversion weir
crest. The guide wall is to be distinguished from the
divide wall, which was carried up above flood level
and separated the sluice channel from the diversion
weir. Between the sluice channel and the approach to
the canal headgates (at level 92.15) there was a 0.5m
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steep, which was loosely termed a skimming weir. As
will be noted, the sluice channel was not very deep, for
the purpose of keeping the diversion weir crest level as
low as possible.

In operation, it was intended that when adequate
flows were available to feed the left-bank headworks,
the sluice gate would be fully open. Gravel and
boulders would pass down the sluice channel, together
with a considerable proportion of the sand fraction of
the bed load. As the available wadi flow reduced, it
would be necessary partly to close the sluice gates in
order to maintain the inflow into the canal at
20m*s~!. When the available wadi flow dropped
below 20m*s~! the sluice gates would normally be
shut, except as required for occasional flushing. The
low flows occurring in the wadi at this time would
probably not transport much gravel, and any gravel
and some of the sand in transport would be tem-
porarily deposited in the sluice channel.

PHYSICAL MODEL LAYOUT, SCALING AND
TEST PROCEDURES

The movement of sediment in the region of a
complex structure such as a sediment excluder is so
complicated that at the present time it can only be
studied by means of a physical model. Because of the
considerable length of the diversion weir (about
1200 m), it was clearly impossible to model the whole
weir and headworks to an acceptable scale. The left-
bank headworks was therefore modeled, together with
the adjacent part of the diversion weir. In curtailing
the diversion weir in this way, the importance of the

Gabion protection

<— Direction of flow
9'1-85

g(;", 20 flood level

R IEER

T
Steel shed piling /"
i

{a) Section A-A through diversion weir

96.20
\v4
-« flow
w5 Top of guide wall 93"10
81,65
P S e e e

Figure 3. Sections Through Diversion Weir and Sluice

The Arabian Journal for Science and Engineering, Volume 11, Number 4

399



400

A. M. El-Khashab

tail tank

/
90 V- notch
r measuring weir

N 7

adjustable weirs for flow

measurement and tailwater
control

to pump
suction

sluice flow
e

| sediment
trap

apart of the main diversion
weir

from approach channel
and head tank

Figure 4. General Layout of Model Area for Wadi
Dhamad.

actual direction of approach of the flow to the head-
works was not forgotten, and this was varied during
the testing programme. The general layout of the
model is shown in Figure 4. With the space available,
a horizontal scale of 1/30 was appropriate. Since the
flow through the headworks involved gravity pheno-
mena such as flow over weirs and sills and through
gates, Froudian scales were used in modeling the
structure and the corresponding discharges.

Many sediment modeling problems involved
simulating the behavior of a river or channel with
mobile beds and boundaries. In such cases, correct
simulation of the variable bed formations and bed
roughness is a major part of the similarity require-
ments. However, in the present investigation this was
not considered to be the major similarity problem.
Except when the sluice gates were shut, it was anticip-
ated that sediment movement in the sluice channel
would be in the form of isolated particles or small
groups of particles, sliding or saltating along the con-
crete bed of the sluice channel. It was evident that
movement of sediment over the skimming weir would
necessarily be in suspension, although subsequently
some of the particles would fall to the concrete bed of
the platform approaching the canal headgates and
move by sliding or saltation. Similarity in suspension
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and in movement over solid surfaces were based on
the parameter w/v*, where w is a characteristic fall
velocity of the sediment particles and v* is the shear

velocity «/To/p. In this expression 7, is the bed shear
stress and p is the fluid density. A prototype sand size
of approximately 0.4 mm was assumed to be reason-
ably representative of the sand beds of the wadis in the
region, and taking into account the model and proto-
type water temperature conditions, a granulated bake-
lite having a specific gravity of 1.39 and a median
diameter of approximately 0.5 mm was found to satisfy
the modeling criterion sufficiently closely.

In order to assess the effectiveness of any proposed
design changes, it was necessary to have quantitative
measures of the sediment entering the canal, and of the
sediment passing through the sluice. The arrangement
shown in Figure 4 worked satisfactorily. Referring to
Figure 4, the flow from the head tank passed over a
bed of bakelite about 6 m long, in which at the lower
discharges a low-flow channel developed. At higher
flows the whole area carried flow, as would occur in
the prototype.

The slope of this area could be adjusted to ensure a
satisfactory channel, with a sediment load repres-
entative of the wadi flows. The flow in the channel was
measured by a simple rectangular weir and the area
upstream of this weir was used as a sediment trap.
Only very fine sediment passed out of the trap and this
was measured by occasional sampling of the outflow.
The areas downstream of the sluice gates and down-
stream of the length of the diversion weir were also
used as sediment traps and were followed by adjus-
table measuring weirs which were used to simulate
possible tailwater levels in the wadi downstream of the
diversion weir. The right-hand wall of the sluice
channel sediment trap was not a feature of the proto-
type and was incorporated in the model in order to
form a flow measurement channel and sediment trap.

Typically, test runs lasted one hour, as this time
period usually resulted in adequate volumes of sedi-
ment being trapped. Because of the inevitable scatter
of results most tests were duplicated, with higher and
lower sediment concentrations in the approach
channel. As well as the effectiveness of sediment
exclusion, head losses were also of interest, through the
approaches to the headworks and through the canal
headgates, etc. Even at high floods the approach to the
headworks itself will be relatively low and it was
considered that boulders and gravel were unlikely to
jump the skimming weir, and so could be omitted from
the model investigation.



A further consideration was that during the passage
of a number of floods, the low-flow channels would
reform, so that the direction of approach to the canal
headworks and sluices would vary unpredictably. This
was allowed for in the model studies by deliberately
initiating flows having substantially different directions
of approach to the headworks. There seemed no
reason to investigate the exclusion of very fine material
approaching wash load size, as this would easily be
carried through the canal system with a resulting
benefit to the fields from nutrients and improved soil
structure.

In making comparisons of performance, it was
necessary to standardize conditions, always with suf-
ficient flow for full supply to the canal, and with
varying amounts of sluice flow and varying tailwater
levels in the wadi downstream of the weir.

Series 1 Tests: Optimization of the General Configura-
tion of the Sediment Excluder

This investigation was carried out using the physical
model described earlier. The preliminary layout,
shown in Figure 2, was used as a starting point. Most
of these tests were carried out with the water level
upstream of the diversion weir just at weir crest level,
resulting in 20 m® s ™! entering the canal and 7m?®s™!
passing down each sluice channel when the corres-
ponding sluice gates were fully open (discharges are
quoted in prototype values). The skimming weir was
intended to form one boundary of the left-hand sluice
channel, as well as a step which would inhibit the
passage of gravel and boulders.

During the course of these tests, various cross-
sections were tried for the skimming weir, but it was
found that none of them really gave better perfor-
mance than a simple 0.5 m step.

Considerable guidance for effective layouts was
obtained by observing the effects on sediment paths
of changes (e.g. to guide walls) carried out in a quick
and temporary way. Although these short-term
changes could not be recorded quantitatively, such
observations were probably the most productive part
of the optimization process.

In the first place it was necessary to establish a basis
for comparison and so a reference set of tests were
carried out on the preliminary layout, with different
sediment concentrations in the wadi flow, different
directions of approach of the scoured channel, high
and low tailwater levels for the sluice flow, etc.

Early tests on the preliminary layout showed that
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sediment entry to the canal with both sluice gates
operating (i.e. canal flow 20m*®s™!, each sluice gate
discharging 7m?s ') was very much worse than when
only the left-hand sluice gate was operating (at
7m3s~!). The reason for this was that under the
former conditions the action of the right-hand sluice
gate was to attract the scoured channel towards the
right (i.e. towards the diversion weir). A considerable
part of the flow moving towards the canal and the left-
hand sluice gate was then forced to make a very tight
turn around the upstream nose of the guide wall. The
resulting vertical vortices took sediment up into sus-
pension, and this sediment moved with the upper part
of the water flow into the canal. The slower-moving
bottom water turned into the left-hand sluice channel.
Subsequently during the tests on the preliminary lay-
out, the right-hand sluice gate was kept shut, and the
majority of the tests were carried out with a sluice
discharge of 7m3s~!. When this was done, it was
apparent that the direction of approach of the flow to
the headworks was still important. At various times
after the construction of the diversion weir, the flow
would approach the canal headworks along the up-
stream face of the weir and observations on the model
showed that this approach condition led to poor
sediment exclusion from the canal, for essentially the
same reasons as described above in connection with
the right-hand sluice channel. The model observations
also showed that a pronounced left-bank approach to
the headworks resulted in poor sediment exclusion
from the canal, because the anti-clockwise curvature of
flow around the left guide bank caused sediment to
move towards the left and hence into the canal.

As the result of observations on the preliminary
design, it was decided to use a single sluice channel
with a downstream width corresponding to two 3.5m
wide sluice gates. A right-hand guide wall was formed
by introducing a curved pier between the sluice chan-
nel and the main diversion weir, and the right-hand
curvature of the sluice channel in front of the canal
approach platform was increased. The shape of the
sluice channel as modified can be seen in Figure 5.
Effectively a converging curved channel had been
formed, with right-hand curvature, followed by a re-
verse curve leading to the sluice gates. The plan shape
of the sluice channel was chosen partly by observing
the effects of changes to the boundaries, carried out
rapidly. However, it is evident that the converging
shape of the curve sluice channel had some hydraulic
advantages. First, as the discharge in the sluice chan-
nel decreases along its length, the velocity on the
channel is maintained because of the reduction in the
cross-section area of flow. Secondly, some recent work
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Figure 5. 20m>s~* Headwork as Modified

[5] has shown that, in a curved converging channel,
the thread of maximum velocity remains close to the
inside curve of the channel, in contrast to the behavior
in concentric curved channels. This means that as the
bed load is moved transversely towards the inside
curve of the channel, there is a relatively high velocity
flow which transports it towards the sluice gates.

As well as these changes to the sluice channel, a left-
bank guide wall was formed, extending upstream, so as
to prevent a pronounced left-bank approach. These
modifications resulted in substantially improved per-
formance. However, with a pronounced weir
approach, the situation still arose in which the flow
moving towards the canal had to make a very sharp
turn around the upstream nose of the guide pier,
resulting in the same unfavorable condition as encoun-
tered before, ie., a large proportion of the sediment
entered the canal rather than moving into the sluice
channel. An obvious way to avoid this very unfav-
orable approach condition was to move the main
diversion weir upstream relative to the position of the
headworks. A similar movement of the diversion weir
in an upstream direction had in fact been recom-
mended as the results of model studies carried out in
connection with the Diyala Diversion Weir, Iraq [4].
After carrying out these modifications, shown in
Figure 5, the percentage of the total sediment carried
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towards the headworks which entered the canal was—
in broad terms—reduced from about 60 to 30 percent,
a very significant improvement. No doubt further im-
provements could have been made if time and budgets
had allowed an extensive programme of further tests,
but this was not possible. However, any further im-
provements would show diminishing returns and must
be considered in the context of the other assumptions
necessary in the testing programme.

Series 2 Tests: Required Minimum Sluice Flow

In optimizing the plan-form of the typical head-
works it was not possible to vary too many para-
meters—otherwise it would have been impossible to
detect the effect of specific changes. One major
parameter which was kept constant in most tests was
the quantity of water used for the sluice flow, which
was normally maintained at 7m3s~! prototype. This
discharge was maintained by operation of the sluice
gates, whether the sluice outlet was drowned or not.
The particular sluice flow of 7m3s™! was selected
partly by observations on the model, which could
easily show whether there was a strong sluice action or
not, and partly on the basis of some experience which
suggested that the sluice discharge should not be less
than about one-third of the canal discharge. At least
the value selected seemed sufficiently realistic for the
purposes of the Series | tests.

However, in view of the variability of the wadi flow
and the period of time which was occupied by rec-
ession flows, it was clearly of interest to investigate
further the effect of the magnitude of sluice flow on
sediment exclusion efficiency. The Series 2 tests repre-
sented the condition where there was sufficient flow in
the wadi for full supply discharge in the canal, and
varying amounts of sluice flow. The canal discharge
was kept constant at 20m3s~! and the sluice dis-
charge was varied (with the upstream water level at
diversion weir crest level), usually by varying the tail-
water level downstream of the sluice outlet. It was
assumed in this series of tests that the canal headworks
would have been sited as favorably as possible with
irespect to waddi plan curvature, etc. Accepting that the
sediment entering the combined canal and sluice
approach channel was thereby kept to a feasible
minimum, the problem then became one of reducing as
far as possible the proportion of the sediment entering
the canal.

In Figure 6, the percentage of sediment approaching
the headworks which enters the canal (1,) has been
plotted against the sluice discharge, for a canal dis-
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charge of 20m®s~'. The approach conditions for the
observations plotted included center and weir
approaches, but left-bank approaches were excluded as
unrealistic. Despite the inevitable scatter, Figure 6
shows a reduction in the percentage #, as the sluice
- discharge is increased, but u, levels off at about 30
percent as the sluice discharge approaches 7m*s ™, or
about a third of the canal flow. For this particular type
of sediment excluder it appears that a sluice flow of
about one-third of the canal flow is of the right order,
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but it is not known to what extent this value might
apply to other types of excluder.

Series 3 Tests: Effects of High Tailwater Levels on
Sediment Exclusion Efficiency

In the Series 2 tests the discharge in the wadi were
restricted and the water level upstream of the diversion
weir was at weir crest level. The water level in the
sluice channel was therefore relatively shallow and for
7m3s™! sluice discharge the velocity was relatively
high. The sluice channel was curved and converging,
apparently giving a velocity distribution which was
particularly appropriate to the movement of sediment
away from the canal intake. However, it was obvious
that for a sluice flow of 7m®s™! at depths which were
not shallow, the velocity would not be high and the
curved channel effect on sediment exclusion would be
considerably impaired. These greater depths would
occur in the sluice channel at the higher wadi flows,
when water would be spilling over the diversion weir
and tailwater levels were rising. The extent to which
tailwater level would increase the depth of flow in the
shuice channel is dependent on the height if the sluice
channel floor above the wadi bed, which in turn is
dependent on the high of the diversion weir crest level
above the wadi. The effect of tailwater levels was
investigated by means of tests in which wadi dis-
charges in the range 100 to 300 m®s ™! prototype were
used. In the Series 3 tests, the tailwater levels were
varied by means of the adjustable weirs in Figure 4.

The main uncontrollable variable in these tests was
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the approach direction of the deep water channel to
the headworks. The actual sluice flow was dictated by
the upstream and tailwater levels. Because of this
random variation (which was nevertheless realistic) the
tests results were somewhat scattered, as is evident in
Figure 7. Despite this it can be seen that the percen-
tage of the total sediment entering the headworks
which subsequently entered the canal varied from
about 25 percent when tailwater levels were about
200mm below diversion weir crest level to about
70 percent when tailwater level were about 200 mm
above diversion weir crest level. This could obviously
be attributed to the depth flow in the sluice channel, as
affected by tailwater levels. For large depths of flow in
the sluice channel, the skimming weir would no longer
act as an effective boundary, and the curved channel
effect was lost. The ideal solution to this problem
would be to keep the tailwater low relative to the
structure by constructing the weir crest height well
above wadi bed level. This would lead to high costs
and it was evident that a compromise had to be
reached between costs and sediment exclusion effic-
iency at high rates of flow. It can be assumed that the
quasi-stable behavior of regime canals will be followed
in this case, but to a shorter time scale, i.e., during
times of high sediment loads entering the canals some
deposition will occur, but for the majority of the time
when the sediment load is lighter the canal will revert
to its normal bed levels.

CONCLUSIONS

1. Model studies have enabled the performance of
a sediment excluder to be considerably
improved. By the elimination of one sluice chan-
nel, the necessary sluice flow was also substan-
tially reduced.

2. The modifications to a preliminary design
entailed emphasizing the curvature of the sluice
channel and controlling the approach condi-
tions by moving the diversion weir upstream
and constructing a guide bank on the wadi bank
side. It must of course be emphasized that the
action of the excluder is local, and the head-
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works must be correctly located in relation to
the characteristics of the wadi.

3. For the particular type of excluder investigated,
efficient sluicing required a sluice flow equal to
approximately one-third of the canal flow.

4. In order to preserve the curvature effect of the
sluice channel, velocities should not be too low,
hence depths of flow should not be too large. So
as avoid excessive cost of the diversion weirs, it
may not be possible to set the diversion weir
crest at a level which is ideal for sediment
exclusion at the higher discharges.

ACKNOWLEDGMENT

This paper is taken from the Wadi Dhamad
Irrigation Project, Saudi Arabia, in which the author
was responsible for the design of the hydraulic model
and analysis of the experimental results. The author
wishes to thank Ministry of Agriculture and Water
and Sir William Halcrow and Partners for giving per-
mission to publish the results of model tests.

REFERENCES

[17 International Commission for Irrigation and Drainage,
Proceedings, Ninth Congress, Question 30, Moscow,
1975.

[2] E.J. Carlson. ‘Laboratory and Field Investigations of
Sediment Control Structures at Diversion Dams’, R27,
Question 30, Proceedings, Ninth Congress of the Inter-
national Commission for Irrigation and Drainage,
Moscow, 1975.

[3] Task Committee on Sedimentation of the Hydraulic
Division ‘Sediment Control Methods, Control Sedi-
ment in Canals’, Ch. V, Sedimentation Manual, Journal
of the Hydrology Division, American Society of Civil
Engineers, 1972,

[4] M. Ahmed, ‘Design of Silt Excluders and Silt Ejectors’,
West Pakistan Engineering Congress, Lahore: Golden
Jubilee Publishers, 1963.

[5] A. M. El-Khashab, ‘Investigation of Flow in a Curved
Converging Channel’, Ninth Canadian Congress of
Applied Mechanics, University of Saskatchewan, 1983.

[6] Hydraulic Research Station. ‘Diyala Weir, Iraq, Report
on Model Investigation’, Report No. EX 173 Walling-
ford, England: Hydraulic Research Station, 1962.

Paper Received 17 November, 1985; Revised 5 February 1986.



