Managing sedimentation in spate irrigation schemes
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[image: image1.emf]0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100 1000

Size mm

% Finer 

Wadi Zabid Wadi Laba

Wadi Zabid Wadi Laba

Bed Material  

Suspended Sediment 

larger than 0.06 mm


Contents 
1.0 
Introduction 

2.0
 Overview of sedimentation problems encountered in spate systems

2.1
Sediment transport in wadis 

2.2
Sediment management in traditional systems

2.3
Sediment management in modernised systems 

2.4
A sediment management strategy for spate irrigation systems 

3.0 
Application of models to aid the design of sediment management structures in spate schemes  

3.1
Sediment excluding intakes

3.1.1
Examples of sediment excluding intakes 

3.1.2
Physical models 

3.1.3
Three dimensional numerical modelling 

3.1.4 
Basic intake model   

3.2
 Secondary sediment control - extractors and settling basins 

3.2.1
Design of gravel traps 

3.2.2
Hybrid extractor/flushed basin for large schemes 

4.0
 Spate canal design methods 

5.0
Predicting future command levels  

6.0
 Sediment management options  


6.1 
Catchment conservation


6.2
Sediment management options for a range of scheme types 

7.0 
Sediment management design software 

8.0 
References 

1.0 
Introduction 
Effective management of sedimentation is a key factor in improved spate irrigation systems. This paper describes the sediment problems encountered in spate schemes and describes methods that now can be used to estimate\ate the performance of sediment control structures. 

Most of the sediment control strategies described in various papers in the first FAO sponsored spate irrigation expert consultation, (FAO 1987), remain valid – the laws of physics have not changed over the last two decades. What has changed is the development of numerical models that now, within limits, allow the performance of sediment management structures to be investigated without the use of physical models, which generally cannot provide quantitative predictions in this application. Numerical models provide quantitative predictions of the sizes and quantities of sediment diverted at spate irrigation off takes, the performance of sediment extractors and settling basins, and the sediment transporting capacity and patterns of deposition within canal networks. Adopting a quantitative approach to sediment management based on numerical simulations has many advantages, the most important being the capability to rapidly compare a range of sediment management options, optimising the performance of sediment control structures, and enabling costs of constructing sediment control structures to be compared with a realistic estimate of the benefits. 

The qualification above arises from the quality of predictions provided by even the best of currently available sediment transport functions, which underpin all sediment transport simulations, and the general lack of reliable field data, particularly from spate systems, which is needed to set up and verify numerical sediment transport models. Models can only be improved and developed, and sedimentation issues properly quantified, through comparisons with reliable field information. However when applied by engineers with an understanding of the models and the processes being simulated, numerical sediment transport models can provide an invaluable aid to the design of spate irrigation diversions and water distribution systems. 
The first section of the paper summarises sedimentation problems encountered in spate schemes, and sets out a sediment management strategy. Models that can be applied to aid the design of sediment control structures and canals are then described, with some examples. The last section of the paper lists sediment management options for schemes with a range of characteristics.  
2.0
 Overview of sedimentation problems encountered in spate systems

2.1
Sediment transport in wadis 
Morphology and sediment transport processes in spate wadis are described in guidelines prepared in 2005
. In summary the main features of the sediment loads arriving at typical spate diversion sites are:
· Wadi bed materials can range from boulders and cobbles to silts, with the lower reaches of wadis usually having sand beds. Sediments of all the sizes  represented in a wadi bed are transported in the largest floods.  
· Total load sediment concentrations rising to and exceeding 100,000 ppm, or 10 percent by weight, occur in floods in some wadis. Sediment concentrations up to 5 percent by weight in floods are common. 

· Sediment transport is dominated by the finer sediment fractions transported in suspension. Typically the proportion of fine silts and clay in annual sediment load ranges between 50% and 90%. High concentrations of fine sand are also transported in suspension. The suspended sand load is quite fine, generally between 0.1 and 1 mm, when compared with the parent bed material, as shown in Figure 1
. 

· The proportion of the sediment load represented by largest sediments, transported mostly by rolling and sliding along a Wadi bed, (bed load), is typically only 5 percent or less of the annual sediment load. Sediments in this size range, (coarse sand, gravel, cobbles, and in some cases small boulders), will, if diverted, settle and block intakes and canals. 
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Figure 1 Bed material and suspended bed material (sand) load size grading for two Wadis
As only the very largest floods are usually allowed to pass beyond spate irrigated areas most of the sediments transported to the first diversion point in a spate scheme are deposited within the irrigated area.  Coarser sediments settle in the Wadi channels and canals, and finer sediments are deposited on the fields, where farmers welcome sedimentation as a source of fertility. Spate systems build up their own soils, and older systems are characterised by fine sediment deposits that are many metres deep. Sediment deposition rates on spate irrigated fields reported in the guidelines range between 1 to more than 50 mm /year. 

2.2
Sediment management in traditional spare irrigation systems

Traditional spate systems have several features that that help control sedimentation:
· Intakes are washed away by large floods, greatly reducing the volume of water diverted to a canal during periods of very high flow in the wadi, when high concentrations of coarse sediments are being transported. 
· Traditional canals are steep, and flow at much higher velocities than would be allowed in conventionally designed irrigation channels. 

· Usually all the flow in a canal is diverted fields at a single point, maintaining the full canal discharge and sediment transporting capacity from the wadi intake to the field. 

· When command starts to be lost intakes can easily be moved further upstream to regain command.

2.3
Sediment management in modernised systems 

When systems are modernised with new permanent diversion structures much larger discharges can be diverted from flood flows. Consequently water carrying high concentrations of coarse sediments is diverted to canals. In some systems modernised in the 1980’s the canals were constructed with quite low slopes, and a limited sediment transporting capacity. The combination of a large input of sand and larger sediments and a limited canal sediment transporting capacity inevitably resulted in severe canal sedimentation problems. While later systems were provided with canals with steeper slopes, canal de-silting remains as a significant maintenance burden in many modernised schemes.  

Gated scour sluices are usually provided at intakes. They are intended to be operated to exclude the coarse sediments that are transported along and close to the wadi bed floods. Manual operation of sluice gates in rapidly varying spate flows, to follow idealised gate operation rules has generally proved difficult or impossible. Apart from these practical difficulties, the first priority of farmers is to divert as much water as possible. They may be extremely reluctant to open, (or allow agency employed gate operators to open) sluice gates, except during the very largest floods.
In some larger schemes flushed sedimentation basins are provided, where the incoming water is slowed down, and larger sediments are deposited in a lined basin. These are then flushed back to the wadi when the basin is full. If water for flushing is not available, or flushing is regarded as being too difficult to organise, basins are excavated mechanically. When properly designed these structures function well at intakes in perennial rivers, but they have had a mixed track record when used in spate schemes. 

If twin sedimentation basins or a bypass channel are provided it is possible, at least in theory, to maintain canal supplies and flush basins during the periods when the wadi flows exceed the discharge needed for the canal. Very slick operational procedures, almost certainly reliant on electrically powered gates, are required for this to be feasible. While a flow duration curve may show that substantial volumes of water are available when the wadi discharge exceeds the canal demand, these ”excess” flows occur during numerous flood peaks, at unpredictable times over a flood season. In many floods excess flow is only available for very short periods, sometimes only a few minutes. Thus unless a very large flood happens to occur when a basin needs flushing it is necessary to utilise canal flows for sediment flushing. This is always the case when a single sedimentation basin is provided. 

Farmers have strong objections to what they perceive as wastage of water that could be diverted for irrigation, and there are examples of intakes provided with sophisticated sediment management facilities that are rarely operated due to pressure from farmers, or other powerful local interests, on gate operations staff. The result of these operational difficulties is that substantial quantities of sand and larger sediment are diverted to canals where they settle, reducing diversion and conveyance capacities. The need for frequent, often annual, removal of sediment deposits from the upstream reaches of canals places a heavy burden on farmers or scheme operators.

Rising command levels due to sediment deposition on the fields eventually results in some parts of upstream irrigated areas going out of command. In schemes with permanent intakes weir crests and the sill levels of water control structures eventually have to be raised in expensive rehabilitation projects.
2.4
A sediment management strategy for spate irrigation systems 

A sediment management strategy for modernised spate systems can be summarised as:
Limit the diversion of coarser sediments 
This requires excluding as much as possible of the larger sediments that will settle in and block canals at the intake. Some form of secondary sediment control at the head of the main canal may be feasible in larger systems to further limit the concentrations of large sediments that are admitted to the canal system. At simple intakes without a sediment excluder the only option is to limit the flows allowed to enter a canal system. 
Transport fine sediments through canals to the fields
This requires canals and water control structures to be designed to transport large concentrations of fine sediments. 
Making provision for the inevitable rise in command levels
This requires that intakes canals and water control structures are designed to continue functioning with the substantial rise in command levels that will occur over the design life of structures. 

Accept the need for canal de-silting and plan for it
In spite of the measures listed above routine canal de-silting will be necessary in some schemes. This should be planned for by providing access to plant, and putting in place sustainable funding mechanisms to support it use. 

Ensure that proposed sediment control measures and understood and accepted by farmers   
Effective well engineered sediment control measures will only work if they are perceived to be beneficial by farmers and are operated.

3.0 
Application of models to aid the design of sediment management structures in s
pate schemes  

Quite a wide range of numerical models that can be applied to aid the design of sediment control structures are now available, agencies and consultants in different countries will each have there own preferences. The software packages described in this section were developed by HR Wallingford with funding from the British Governments Department for International Development specifically for application to sediment management in irrigation systems. 

3.1
Sediment excluding intakes  
3.1.1
Examples of sediment excluding intakes 

The figure below shows a conventionally designed river intake used to divert water from a relatively steep seasonal gravel bed river in the Philippines, (left), and an intake designed for spate irrigation diversions, (right). 

[image: image2.png]Ogee . 93.90 ‘
Weir A Ratd 2 e Sluice gate
{total length cill 94.00
160m) N I —
Y . Tunnels
WV, v —— =to canal
[— 1
Weir crest 97.79 f’ f :_" ff;>
S
ﬁ =====
—— e
_____
94.00 =====
! Stui Canal gate
uice cilt 95.00
Divide wall k t
98.50 pocke
Agn 0 101.00
River
X
[ =4
a
@

Scale
Elevations inm



[image: image3.png]Stuice flow

Canat flow

s
N5
2\ || suice cronnet
e
@ 35m sluice gates.
2
< A 2
; | et
)
h

Crest of diversion wer

Left bank guide woll




Figure 2 Diversion structures with sediment excluders for perennial and spate irrigation intakes

The structure on the left diverts only a small proportion of the river flow during the wet season. During these periods the sluice gates are left partially open, providing a strong sluicing flow sweeping the bed load past the canal gates. In the dry season, when most if not all of the river flows are diverted, the sluice gates  are opened intermittently (still pond operation) to flush the sediment deposits that build up in the sluicing pocket formed by the divide wall. The canal gates are closed during sluicing. This type of perennial river intake is not suitable for spate irrigation, where all the wadi flows are diverted to canals for most of the time that the wadi is flowing, the sediment loads are much larger, and still pond operation is not feasible. 

In the spate diversion structure shown on the right the intake and sluice gates are placed downstream from the weir. There is no divide wall, which would obstruct flows approaching the intake from across the wadi. (The angle at which flows a spate intake can vary during, and between floods, and in flood recessions flows may approach the intake parallel to the weir.) 

Sluice gates are provided and supposed to be opened during the short periods of high flow, when excess water is available for sluicing, and the highest concentrations of coarse sediment are transported. The curved channel provides some additional exclusion of coarse sediments due to the bed load sweep effect that moves large bed load sediments towards the inside of the bed, and through the sluiceway. 
	[image: image4.png]





Figure 3 Bed load sweep at a channel bend (Vs = flow at surface Vb = flow at bed )
The canal intake is aligned at a shallow angle to the flow direction in high flows, so as to minimise the diversion of bed load.
 
3.1.2
Physical models 

Physical models, usually with a mobile bed, have often been used to aid the design of sediment excluding intakes. The design of many of the larger spate intakes constructed since the 1980’s were developed with the aid of physical model tests. For example model tests were carried out on several curved channel excluders similar to that shown in figure 2, (Smith 1987, and Tosswell, 1989), and showed that in a physical model curved channel excluders can exclude 75 % or more of (bed) sediments from a canal, when operated with a flushing discharge of around 30 % of the canal discharge. 

However using a physical model to make quantitative predictions of sediment exclusion is fraught with difficulty. The problem is principally one of scaling. If sediment size is scaled in proportion to the main model scale, then the material required becomes so fine that it exhibits very different properties from the prototype. Artifices such as the use of oversize lightweight sediments or tilting models have been used with some success but Yalin (1971) showed that it is impossible to satisfy the physical laws for scaling sediments when water is used as the model fluid. In models of a reasonable scale only the larger sediments, moving as bed load can be represented. 
These difficulties are demonstrated in figure 4, which is based on studies carried out by Hydraulic Research, Wallingford, UK, and includes comparisons of sediment excluding performance predicted in physical model studies with that later measured in the field. 
In the figure sediment excluding performance is expressed as a performance ratio (PR) defined as: 


PR = 
1 -      
     sediment concentration entering canal



Concentration being transported by the river
A performance ratio of 1.0 indicates complete sediment exclusion, zero indicate neutral performance, with the intake neither reducing nor enhancing sediment concentrations, while a negative ratio would indicate that the intake is withdrawing a higher sediment concentration than the mean concentration in the river.

Figure 4 clearly demonstrates the overestimation of sediment excluding performance in physical models, which is not always made clear in reports from modelling organisations.

It is stressed that this conclusion relates only to sediment exclusion at intakes, physical models are a valuable tool that are still widely used for a large range of applications.
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Figure 4  Observed at predicted performance of some sediment excluding intakes.

3.1.3
Three dimensional numerical modelling 

Numerical modelling of the flow and sediment movement in the vicinity of an intake has the potential to make quantitative predictions of its sediment excluding performance, without problems in representing a wide range of grain sizes. A sediment excluder has a large effect on the sediment grain size distribution carried in flows diverted to a canal, and this can be more important than its effect in reducing the overall sediment concentrations. An intake with a moderate overall exclusion performance may exclude all the coarser material, so that only fine material enters the canal. If the canal is able to transport this fine material, the intake will prevent what would otherwise be a severe sedimentation problem. Such conditions can only be assessed with a size-by-size prediction of sediment excluding performance. A second advantage of numerical modelling is that it can be very much cheaper than commissioning a physical model. 
HR Wallingford developed a three dimensional computational model specifically for studies of the performance of sediment excluding intakes in 1995. (HR Wallingford, 1995). The model represents three dimensional effects, for example the helicoidal flow which develops at  a river bend or curved channel sediment excluder, and also takes account of: momentum, turbulence, bed geometry, bed friction, sediment settling velocities, and of course the geometry of an intake and associated any sediment exclusion features.

Results from this model are compared with field performance data in figure 4.  Agreement between the model predictions and the sediment excluding performance measured in the field is, (for sediment transport predictions), excellent. The model enables predictions of the variation of sediment excluding performance with grain size, which is essential if the impact of an excluder in on limiting canal sedimentation is to be assessed, see figure 5. 
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Figure 5 Sediment exclusion as a function of sediment size 
The setting up, calibration and operation of this type of model requires specialist numerical modelling and sediment transport expertise, and application of the model would only be relevant in large spate modernisation projects, where large sums are to be spent in improved infrastructure. For these applications it provides designers with a capability to rapidly assess and optimise the sediment excluding performance of a complex intake. 

3.1.4 Basic intake model   
More basic intakes are provided on smaller wadis. An example of a newly constructed intake in Eritrea is shown below as figure 6.  

[image: image7.jpg]



Figure 6 Basic intake in a sand bed river
Estimates of sediment excluding performance of this type of intake, with a simple sluicing arrangement, can be made using a simpler model, as described in HR Wallingford, 2001. 

This model has a flow component, and a sediment component.  The flow component determines the origin of the flow diverted to the canal from a cross section located upstream. An envelope containing the diverted flow within this cross section is predicted, based on an assumption that the flow requiring the least momentum change to be diverted will enter the canal intake.  The sediment component of the model computes the sediment sizes and concentrations transported in the diverted flow envelope, thereby predicting the sediment sizes and concentrations entering the intake.
An example of the output provided by this model for a simple intake with a sluice is shown in figure below: 
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Figure 7 Effect of sluicing discharge on predicted sediment excluding performance
 

This model can also be used to estimate exclusion for the range of sediment sizes present in the channel bed upstream from the intake, thus proving guidance on the sluicing discharges needed to maximise exclusion of selected (large) sediment fractions. 

3.2 
Secondary sediment control - extractors and settling basins 
Effective sediment exclusion at an intake may be not be possible, or may not be snsufficient to exclude all the larger sediments that will settle in canals. Even at well designed intakes there is always the possibility that sluicing will not be carried out. Some form of secondary sediment control is often considered, particularly, in larger schemes.  The cheapest and most technically attractive option is a vortex tube extractor. This extracts flow and sediments from near the canal bed in the canal head reach, and pass it back to a river. The advantage of this approach is that the size range of the sediments that are extracted can be controlled to some extent by adjusting the proportion of the canal flow, often around 10%, which is extracted. However as these devices require water to be continuously “wasted” they are not usually appropriate for spate schemes. (Models used to design extractors are described in (HR Wallingford, 2001).
Settling basins are a second method of secondary sediment control, that in perennial schemes enable sediment to be removed from the flows entering a canal at the expanse of only the few % of the incoming flow volume, which is used for intermittent flushing. 

3.2.1
Design of gravel traps 
In spate schemes the objective is to trap large sediments at the head of a main canal. The relatively small basins used to achieve this are often called gravel traps. Several examples of sedimentation basins used in spate schemes are shown in HR Wallingford 2005.  (The problems of flushing gravel traps in spate schemes were discussed earlier.)

The advantage of a gravel trap over the alterative of removing sediment deposits from a canal head reach is that some sedimentation can occur without limiting the flows that can be diverted to or conveyed by a canal, which may be important where the available head is limited. If sediments are removed and excavator rather than by flushing then de-silting is mostly focussed at the basin, rather than along the canal system.  
Settling basin design can be carried out using HR Wallingford’s Dossbas software package. This includes two numerical models that simulate the performance of basins operating in the deposition and sluicing modes.  These models provide several advantages over earlier basin design methods, which can only be used to predict the trapping efficiency of an idealised basin, as they assume zero sediment transporting capacity within the settling zone, and thus do not predict the variations in trapping efficiency as the basin fills with sediment.  

Using the models a designer can make several key predictions that assist in refining and optimising a settling basin design.

These are:

· The variation in sediment concentrations and grain sizes passing through a basin and entering the downstream canal network as the basin fills with sediment.

· Estimates of the frequency of sediment sluicing or de-silting operations.

· When a basin is flushed, the time period required to flush the basin and the volume of water needed for flushing. 

· The slope and cross section required for the escape channel to convey sediment flushed from a basin to the river or disposal point.

The sediment trap efficiency for different sediment sizes varies widely as a basin fills with sediment. When empty, and supplied with a very low discharge, a conventionally designed basin will trap considerable volumes of fine silts. These take up storage in the basin, and are anyway usually valued by farmers. However basins for spate schemes can be designed to minimise trapping fine sediments, the results of numerical simulations showing that:

· Basins should be relatively narrow, so as to keep the operating velocities fairly high, with sediment storage obtained by increasing the length, rather than the width or depth of the basin. (See for example the basin designed for Wadi Rima in Yemen shown in (FAO, 1987) 

· Deposition of some fine sediment is inevitable if a series of low flows carrying high concentrations of fine sediments enter the basin, particularly when the basin is initially empty. This may occur quite often in spate schemes, when a series of small floods arrive at an intake. If it is considered necessary substantial reductions in the trap efficiency for fine sediments can be made if the tail water level in the basin is lowered for very low basin discharges. This can obviously be achieved by providing a gate to control downstream water levels, but gate operation can be problematic in spate flows.  Another possibility is to provide a notched weir at the basin exit, so that tail water levels are substantially lowered when the basin discharge is very low. 

3.2.2
Hybrid extractor/settling basin for large schemes 
It is possible to combine the benefits of vortex tube sediment extractor, with the much lower wastage of water needed for flushing provided by a settling basin, which can be zero if a basin is mechanically excavated. A hybrid system of this type was proposed by consultants for the wadi Mawr system in Yemen, but was rejected by the client and World Bank due to concerns of the sustainability of a jet pump that was to be used to evacuate the basin. 
However a hybrid vortex tube /settling basin system was later constructed in a scheme supplied from a seasonal gravel bed river in the Philippines in 1995. The river transports very high sediment concentrations, some derived from mine tailings. 
In this system, designed using the models described in (HR Wallingford,  2001), a vortex tube sediment extractor was located upstream from the first drop structure along the main canal. It discharges to a small flushed settling basin, with the settling basin discharge being passed back to the canal system downstream from the drop. In this case a flushed basin was used, but in spate schemes a mechanically excavated basin could be considered, allowing extraction of coarse sediments from the canal without any loss of water. 

The system proved to be extremely successful, the substantial reduction in de-silting requirements provided by the extractor installation halting, and then reversing, a long term decline in the irrigation service area,  and providing very large economic returns, (HR Wallingford, 1996, Merritt, 2002).  Systems like this could be considered for large spate schemes, where investment in infrastructure can be justified by a greatly reduced O and M costs.
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Figure 8 Vortex tube used in combination with a settling basin 

4.0
 Spate canal design methods 
Canals for perennial schemes are often designed using maximum and minimum water velocities set by “no scouring – no silting” criteria, as described in, (FAO 2002). As concentrations of sand diverted to canals is far larger in spate schemes than is the case in perennial schemes, and canals are operated at a fraction of their design capacity for most of the time, spate canals designed in this way rapidly silt up. 
“Regime” design methods have been applied in spate schemes. These are sets of empirical equations derived from observations of canal systems that are relatively stable, or "in regime".  The methods are simple to apply as usually only the discharge has to be specified. Some methods, such as the (Lacey, 1930), equations are still widely used in the Indian subcontinent
  but as most are based of observations of canals that carried low sand loads, they are not appropriate for use in spate schemes.

An exception is the Simons and Albertson regime equations, based on a large data set collected from canal systems in India and North America that includes equations for canals with sand beds and cohesive banks carrying “heavy” sediment loads (2000 – 8000 ppm). Camacho in (FAO, 1987) reports that these equations were used to design canals in some of the modernised Yemen systems.
Sediment transport theory shows that three equations are required to determine the slope, depth, and width of a straight alluvial channel when the incoming water and sediment discharges, and bed material size is specified.  The first two are provided by alluvial friction and sediment transport equations.  The third, a width relationship, can be obtained from minimum stream power or maximum sediment transport efficiency concepts. A group of canal design methods based on these relationships (rational methods) is available, and provide the most logical method of designing canals to achieve a specified sediment transporting capacity. Of these the method due to Chang (1985) provides predictions of slopes and bed widths that are similar to wide shallow canals observed in many spate systems. 

Conventionally the peak or design discharge is used to determine canal bed slopes and cross sections. If this is followed for spate canals there could be serious siltation problems, as spate canals flow at their full design discharge for very short time periods. Indicative figures can be derived from spate flow duration curves, show that a typical canal supplied from a wadi might flow at discharges larger than 50 % of its design discharge for only a few % of the time. Camacho, in (FAO, 1987), suggests that the slopes of spate canals should be computed for a discharge of 75% of the maximum, but  notes that this is in fact quite conservative. The design discharge capacity is provided by specifying adequately sized cross sections.
These computations can be conveniently carried out using HR Wallingford’s “Dorc” software package, which includes a wide range of canal design methods. Slopes obtained with the Chang design method are compared with the average slope of traditional canals in the wadi Zabid system in Yemen in the table below. 
The computations are for a median bed sediment diameter of 1mm, and an input sediment concentration of 7000 ppm, a typical sand load sediment concentration carried by a small flood. 
	Discharge 

(m3/s)
	Sediment concentration (sand load, ppm)
	Slope (m/km)

	50 (from survey)
	na
	4.0 (from survey) 

	50
	7000
	3.7

	37.5 (75%)
	7000
	3.8

	25 (50%)
	7000
	3.9


With the selected bed sediment size and sediment concentration the Chang method predicts a slope similar to that observed if it is based on 50 % of the full supply discharge. However this would change if a different sediment concentration or median sediment diameter had been selected. It is recommended that canal designs in modernised schemes are based on the slopes and cross sections of stable existing traditional canals. The design of enlarged, extended or new canals can then be derived using the Chang equation, with a judicious choice of input parameters to provide a good match with the slopes and cross sections observed in existing canals. 

In new schemes parameters such as canal bed material sizes and the incoming sediment concentration has to be estimated if rational design methods are to be used. This is beyond the scope of this paper; suitable procedures are described in (HR Wallingford, 2001). 
5.0
Predicting future command levels  

In existing schemes the future rise in command levels is estimated from historical rates of rise of field and command levels, derived from surveys, coring or trial pits, and the extent of upstream movement of traditional diversion structures. In new schemes, where there are no spate systems in the vicinity, the limited sediment yield information that is available for catchments in regions where spate irrigation is practiced can be used.
The FAO data base of sediment yields of the worlds rivers (part of Aquastat) is a good starting point, although a search shows that there is now far more information available in the public domain than when this information was compiled in 1995. 

Examples of sediment yield data from catchments in Ethiopia and Eritrea are given below. The information is derived from the FAO data base,  supplemented with data collated during project studies.  
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Figure 8 sediment yields from catchments in Eritrea and Ethiopia  

This sort of information can be used derive preliminary, albeit approximate, estimates of future increases in command level in spate irrigated areas. Where sediment yield data is available for nearby catchments of similar size, rainfall, slopes and vegetation etc., it can be used directly. Otherwise  it might be assumed that spate irrigated areas will be located in regions with high sediment yields, and estimates based on yield figures from the upper quartile of the available data, for catchments of similar size to the catchment of the wadi supplying the scheme that being considered. Field rise rates can be derived using assumptions as to the proportion of the annual sediment load that will be diverted to a scheme, the scheme command area, a bulk density for settled silts, and an indication of the likely variation in sedimentation rates between upstream and downstream fields. 

6.0
 Sediment management options  

6.1
 Catchment conservation
It is sometimes assumed that the introduction of soil conservation programmes in river catchments will rapidly reduce river sediment loads, and thus sedimentation problems in downstream irrigation canals. The information that is available suggests that this is not the case over the lifetime of typical irrigation structures, except for schemes supplied from very small catchments. The principle reason is that in semi arid regions the vast store of sediments available for remobilization in catchments that have suffered from high rates of soil erosion in the past, continue to contribute to downstream sediment yields for long periods, decades or even centuries, even if catmint wide conservation was possible. . Soil and water conservation programmes will not usually provide significant short term reductions in canal sedimentation in spate irrigation systems. However construction of series of low check dams can provide some benefit. Although the storage provided by check dams soon fills with coarse sediments, the reduction in and control of river bed gradients provided by check dams can reduce bed and bank scour during floods. As these measures reduce the (unwanted) sand sizes transported by wadis they might be considered as part of wider soil and moisture conservation programmes when spate irrigation is being developed in new areas. 
6.2
 Sediment management options for a range of scheme types 

These are summarised in the table below:

	Intake/scheme type
	Sediment management options 

	Basic intake without a weir  
	· Locate intake at the outside of a channel bend

· Limit flows entering canal with flow throttling structure and rejection spillway. 

· If provided close gates during periods of very high wadi flows. 

· Provide steep canals, minimise ponding and flow division. 

· Consider arrangements for and sustainability of canal de-silting

	Basic (probably small) intake with a low weir 
	· Locate intake at the outside of a channel bend

· Provide a simple sediment sluice. 

· Align canal intake to minimise diversion angle.

· Limit flows entering canal, close gates during periods of very high wadi flows +flow throttling  structure/rejection spillway. 

· Consider if mechanically excavated gravel trap is appropriate.

· Provide steep canals, minimise ponding and flow division. 

· Make provision for rising command levels. 

·  Consider arrangements for and sustainability of canal de-silting

	Higher cost intakes

	· Locate intake at the outside of a channel bend

· Incorporate sediment sluice, consider curved channel sediment excluder if bed sediments are coarse. 

· Align canal intake to minimise diversion angle.

· Limit flows entering canal, close gates during periods of very high wadi flows +flow throttling  structure/rejection spillway. 

· Consider if mechanically excavated gravel trap is appropriate, or whether flushed settling basin might be feasible.  

· Where high investments costs might be justified by reduced de-silting costs,  consider hybrid extractor /settling basin system located in the canal head reach.

· Provide steep canals, minimise ponding and flow division. 

· Make provision for rising command levels. 

· Consider arrangements for and sustainability of canal de-silting. 


In all cases it is essential to ensure that any planned sediment management measures are both understood and accepted by farmers, and that they are also sustainable over the long term. 

7 
Sediment management design software 
The software package (SHARC)
, enables a quantitative approach to be adopted for selection and design of sediment management options. It contains a simple intake model for assessing sediment exclusion at basic intakes, sediment extractor and a sluiced settling basin design models,  a canal sediment routing model, a canal  design module, and as well as other modules to assist in analysis of irrigation scheme sedimentation problems. 

The package and supporting technical and software manuals is available free of charge, and can be downloaded from:

http://www.dfid-kar-water.net/w5outputs/software.html
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Figure 9 “Sharc” opening screens 
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� Independent consultant, (� HYPERLINK "mailto:p.lawrence@sediments.plus.com" ��p.lawrence@sediments.plus.com�) 


� Improving community spate irrigation, P Lawrence and Dr. F van Steenbergen. Report OD 154 HR Wallingford, UK. (Can be downloaded free of charge from: http://eprints.hrwallingford.co.uk/134/


� The size range of suspended bed material can be approximately estimated from the bed material size distribution.  This facility is available in HR Wallingford’s SHARC software.


� This contradicts the advice given in FAO’s 2002 irrigation design manual, (figure 39 volume 2 module 7), which recommends right angled intakes for silt laden rivers. Physical and numerical models and field experience all demonstrate that frontal intakes divert the minimum of bed load to canals. The proportion of bed load in the diverted flow increases as the diversion angle is increased. The reason is that the lower momentum of flows near the bed of a channel makes them more easily divertible if the flow is turned. In spate intakes the angle of diversion is of course only relevant during high flows, when water is passing through the sluiceway or over the weir





5 In the figure PR is a performance ratio defined earlier in this section. 


� Albeit with a number of adjustments to the coefficients


� In wadi Laba in Eritrea mean sedimentation rates in upstream fields were about twice the mean rate. 


� The software runs on windows XP and some earlier operating systems. It has  also run in Windows Vista using the  XP mode, but the graphics settings need to be adjusted. 


� http://www.dfid-kar-water.net/w5outputs/software.html





� http://books.hrwallingford.co.uk/acatalog/InternationalDevelopmentpage1.html
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