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Chapter 1

PERFORMANCE ASSESSMENT IN THE RAHAD IRRIGATION SCHEME

M. A. Dingle’ and M. S. Shafique?

1.1 INTRODUCTION

According to Merrey et al. (1993) there are many studies assessing the performance of irrigation systems
and diagnosing the causes of the level of performance achieved. But there are few systematic studies
of the processes of irrigation system management and little systematic documentation of how system
managers presently monitor and assess performance, and what performance indicators they use, if any.
The lack of good documentation and understanding of the management process itself - how decisions
are made and implemented by whom, what information is available to managers, and how they use it,
the formal and informal adjectives of managers, farmers and other stakeholders, how performance is
measured, and how the feedback processes from past performance affect future performance - remains
a critical gap that must be addressed if performance is to be improved.

Nijman C. (1993) stated that an improved performance of an irrigation agency's services delivery can
only be achieved by its managers. Short-term inputs by external actors cannot ensure such improved
performance. The levels of performance that private irrigators tend to achieve on smaller, more
controllable, decentralized systems, especially with pumping, seem to prove such potential for
improvements.

According to [IMI's strategy for the 1990s, performance is the degree to which a system achieves

its objectives. IIMI's concern is with absolute standard of performance, consistent definitions, and

measurements of the components of performance including productivity, equity, reliability, sustainability,
profitability and quality of life.

[IMl initiated a research activity in the Rahad Irrigation Scheme in 1991. The research study entitled
as "Forces, Constraints and Interactions of Water Users, the Rahad Agricultural Corporation and the
Ministry of lrrigation in the operation and maintenance of the Rahad Irrigation Scheme". The research
study aimed to achieve the following objectives:

a) To document the water indents; deliveries at Minor heads and Abu Ishreen at the head, middle
and tail sections of the scheme;
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b) To document and understand the process by which water indents are determined by the Rahad
Agricuttural Corporation (RAC), and delivery responses to the indents by the Ministry of Irrigation
(MOI);

¢) To evaluate the equity of water delivery among Abu Ishreens in the selected Minors; and
d) To document and understand water users responses to water delivered.

The above stated objectives are important building blocks of an overall objective, to assist the
relevant managing agencies and cultivators to field test practical tools for monitoring and assessing
performance of the Rahad [rrigation System.
~ The research theme was further developed into a comprehensive collaborative research project in
irrigation performance. The collaboration brought important contributions from different local agencies
including: (a) The Hydraulic Research Station (HRS) of MOI; (b) The Rahad Irrigation Operations of the
Ministry of Irrigation (RIO/MOI); (c) The Rahad Agricultural Corporation (RAC); (d) The Agricultural
Research Corporation (ARC); and (e) The University of Gezira (U. of G.). The scope of the collaborative
research project was formulated to address the issues related to the impact and consequences of the
management performance of the scheme. The overall objective is to disseminate a conceptual
framework, methodologies and indicators for assessing and improving the performance of irrigation
systems. The inception report of the project showed the levels of collaboration, explained the approaches
to be followed, and the stages of research activities which included the baseline assessment, the
intervention testing stage and finally the synthesis and reporting stage.

As almost all irrigation systems in Sudan are designed after the Gezira Scheme, which aims at
delivering adequate, dependable and equitable water supplies, one purpose of the study is to evaluate
if the design objectives are being realized. Therefore, the data collection have been targeted first to
assess the hydraulic performance of the Rahad lrrigation System.

Like determining the status of water distribution, the yield level performance of the grown crops was
also studied. Selected indices for both hydraulic and agricultural performance were tested and
parameters for acceptable distribution of water and yields were estimated. To complete the assessment
of the overall performance, other aspects like the socioeconomic dimensions of the resources utilized,
the organizational setting of the Rahad Agricultural Corporation (RAC) and its financial performance were
also examined against a set of performance indicators.

1.2 THE RAHAD IRRIGATION SCHEME
1.21 Location
The Rahad Irrigation Scheme, which is approximately 25 km wide and 160 km long, is situated along

the eastern bank of the Rahad River which is one of the feeders of the Blue Nile (See map in Figure 1).
The scheme lies equally in two different stages, Central and Eastern. The scheme headquarters are




located in El-Fau in the Eastern State. Village settlements are scattered in the scheme area for 13000
tenant families.

1.2.2 Land Resources

The first phase of the scheme was completed in 1981. At present the total command area is reported
to be 300,000 feddans (approximately 126,000 hectares). When the second phase is developed, the total
area will increase up to 720,000 feddans [approximately 344,400 hectares].

1.23 Soil

The area is a flat alluvial plain with a very negligible slope of 0.5 m per kilometer to the west. The soils
are similar to those in the Gezira Scheme (i.e. very deep cracking, self muiching clays with high water
holding capacities, but low permeability).

The soils are only workable within a narrow range of moisture content. Salinity is not a significant
problem. The quality of irrigation water - which has a negligible salt content - does not pose any future
danger of increased salinity.

1.24 Land Use and Farm-size

The net irrigable area under crops is around 280,000 feddans (approximately 117,600 hectares). The
remaining area is under forests, small scale pouitry and dairy enterprises, research and seed farming
plots, buildings and waste land.

The irrigable area under cropping is divided in plots of 22 feddans under field crops, or 5 feddans
under vegetables and fruit gardens. No heritage or any sort of disposal of allotted tenancies is allowed.
According to the crop rotations dictated by the management, the location of the plots under field crops
will be determined. In the earlier two course rotation, a single tenant is to share with another seven
tenants two bigger plots each of 88 feddan size (called Number). In the existing four course rotation, he
is sharing with another 15 tenants four plots of similar size. In both cases his total allotment is 22
feddans. It is difficult to keep the inter-number rotations intact throughout the scheme. There is now

evidence of self rotating numbers (i.e. more than one crop grown in the same number). The typical four-

course rotation could be illustrated by the following example:

Number® Year 1 2 3 4
1 1 Cotton Sorghum Groundnut Wheat
-~ 2 2 Wheat Cotton Sorghum Groundnut
3 3 Groundnut Wheat Cotton Sorghum
4 4 Sorghum Groundnut Wheat Cotton

3A sub-unit of tenancy.




1.2.5 Water Resources

The main source for the irrigation water supply is the Blue Nile. About 200 km downstream of Roseires
Dam on the Blue Nile a pumping station is located near the Village of Meina. It includes 11 pumps, each
with a capacity of 9.55 m*/second, to lift a maximum discharge of 105 m%second into a supply canal.
This canal is about 84 km in length.

The Rahad barrage is the terminal point of the supply canal from the Meina Pumping Station. It
serves to regulate flow into the main canal for the project area. The barrage also functions to control
seasonal discharge from the Rahad River to supplement the irrigation supplies during the flood season.
The structure, maintaining the water level about 2 meters above normal river flood level, creates a small
reservoir upstream.

1.2.6 The Irrigation Network

The main Rahad canal is 101 km long. The design of the canal is for a capacity of 100 m®sec. which
feeds 800 km of major canals, 400 km of minor canals and 4300 km of farm laterals (Abu Ishreen).
There is also a network of collector drains to take the surface drainage back to the Rahad River.

The Field Outlet Pipes (FOP) is one of the main structures in the irrigation system and it is designed
to deliver water through Abu Ishreen to the field. The FOP is a 122 m long, 0.35 m diameter concrete
pipe. It supplies one Abu Ishreen which irrigates 88 feddans, constituting a field called "number". The
number is subdivided into 16 tenancies (Hawashas) of 5.5 feddans each. The irrigation water is delivered
from the Abu Ishreen to each Hawasha through a small ditch called Abu Sita.

1.2.7 Procedures of Water Delivery

There is a fixed cropping pattern based on a rotation developed by the Agricultural Research Corporation
(ARC). Based on the recommendation of ARC on crop water requirements, the total water demand for
the area under cropping could easily be calculated.

It is the responsibility of block inspectors to develop water indents. These indents of water are
submitted by the block inspectors to the irrigation engineers who control the water delivery up to the
head regulators of the minor canals. From thereon, the block inspectors have to arrange their schedules
to maintain water supplies to the field.

The main system operations are organized separately as an independent entity attached to the
Ministry of Irrigation (MOI). The director of Rahad Irrigation Operations (RIO) supervises two divisional
engineers, one for the southern division supervising the operation at the Meina pumping system, The
Dinder Syphon and Abu Rakkam Barrage, together with the irrigation operations in two blocks. The
irrigations operations for the other seven blocks are under the supervision of the northern divisional
engineer. Both are helped by assistant divisional engineers, sub-divisional engineers and water guards
at control points.




1.3 RAPID APPRAISAL OF IRRIGATION WATER DISTRIBUTION

Like in any country, the field managers of irrigated agriculture in Sudan need simple, practical and cost-
effective daily monitoring efforts. The first Rapid Appraisal was conducted on 2-3 November 1992. The
participants were the field managers of the Rahad Agricultural Corporation (RAC).

The second Rapid Appraisal (RA-2) was conducted on 25 February 1993. It was designed for the
staff of the Rahad Irrigation Operations of the Ministry of Irrigation (RIO/MOI).

Nine control points of Major 5 (Sub-Main Canal) were selected for this purpose. The main reason
for the selection was that these control structures were calibrated by a specialized agency of the Ministry
of Irrigation; the Hydraulic Research Station (HRS). After the referred calibration, these control structures
are also being used by IIMI as flow measuring devices.

IIMI's data collected on a daily basis during the referred months are to be used to support or suggest
caution about the findings of the two rapid appraisals. The main role of IM! in these exercises was as
follows:

- (a) To provide all the necessary support as an international neutral body to bring all the parties
together;

(b) To help in developing consensus about the problems; and

(c) To present potential management innovations to be tested.

The basic elements of the exercises are the data sets produced under RA-1 and RA-2, compared
with 1IMI's observations on the respective dates of the exercises. The data analyses will comprise the
following sub-headings:

(a) Data presentation and interpretation;

(b) Ideas for operating systems for an adequate, dependable and equitable water distribution;

(c) Comparison of Actual versus Projected Supplies; and

(d) Status of irrigation performance.

As almost all the irrigation systems in Sudan are designed for adequate, dependable and equitable
water supplies, the main aim of the rapid appraisals and lIMI's other related efforts was to evaluate if the
design objectives were being realized. The data collected at the control points were transformed to reflect

the situation at each reach. The concept of a reach is defined as the stretch of a canal between two
control points. As defined, Major 5 has the following reaches:



Distance Command Area (ha) %

R-1 = KO00toK1.5 1932 7.8
R2 = K15t0K35 4960 201
R3 = K35toK12 1832 7.4
R4 = K12toK15 4492 18.6
R5 = K15t0K 18 3956 16.3
R6 = K18toK21 2252 9.3
R7 = K21toK26 1119 3.7
R8 = K26toK38 3990 16.8

The February maximum supplies per unit command area were found in the case of Reach Nos. 1,
3 and 7 having a total command of less than 20%. The supplies in other reaches ranged from half to
one- third of the above reaches. Also, November supplies confirm the same results. '

When compared to demand (indents), the resulting control-point (CP) based supply-indent ratios
(SIR) range from 0.6 to 1.1 with an estimate mean of adequately met or not. In this context, the data on
indents from RAC to RIO hardly changed in February, when compared with November.

On the other hand, the water distribution at reach basis gave an average SIR equal to 1.2 in
February, while in November the average SIR is 1.39.

In spite of many reservations about the validity of practices related to estimate irrigation water
indenting by RAC, and as a consequence the response from the officials of RIO, the fact still remains
that the indents are quantities of water demanded at different points and water quantities monitored at
these points are the actual water deliveries.

Based on the observations under the exercises of Rapid Appraisals 1 and 2, as verified by the
systematic IIMI data collection on daily basis, there are reach-wise erratic water distribution both in
November and February. Three main factors are given for this phenomenon:

(1) Water guards at the control points do contribute to the problem when they respond to
complaints from tail sections of different minor canals;

2 Changes in the water-levels at the main canal also contribute to this problem; and
3) Double-gated Minors also have a potential to receive more water.

The above factors may contribute some inequity or inconsistency, but they definitely do not tell the
whole story. The fact remains that the water distribution is not very good. The system needs to be
monitored regularly for making and implementing appropriate decisions to deliver adequate, dependable
and equitable supplies.

The abnormal water deliveries are almost hidden when the bits of data are arranged at the control
points, Information at each control point represents an average rate of all the other points located
downstream. Such a lump-summing camouflages many ups and downs to the water distribution that
might have happened in individual cases.
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Chapter 2

EVALUATION OF WATER SUPPLY AT THE MAIN IRRIGATION SYSTEM OF THE RAHAD SCHEME
Omer M. A. Elawad* and Salih H. Hamid®

21 INTRODUCTION

Irrigation water for the Rahad Scheme is pumped from the Blue Nile near Meina village east of Singa
town and about 75 km. upstream of Sennar Dam. The pump station is equipped with eleven electrically
driven units having a total capacity of 8.5 million cubic meters per day (105 m*sec.). From the pumping
station, irrigation water is carried through a supply canal having a design capacity of 8.5 million cubic
meters per day and runs for a distance of 81 km before it joins the Rahad seasonal river. Abu Rakham
Barrage on the Rahad River is constructed some 500 m. downstream from the point where the supply
canal joins the river. The objective of the barrage is to use part of the river flows to supplement the water
pumped from the Blue Nile. From the barrage, the main canal of the scheme emerges to run for a
distance of about 150 km in the north-western direction. From the main canal, water is supplied to some
8 major canals. Major canals supply minor canals, which in turn supply the field canals called Abu
Ishreen.

At the main irrigation system level, water is scheduled on a demand basis, similar to the one used
in the Gezira Scheme (i.e. water is supplied in response to demands of the Agricultural Officer of the
Rahad Agricultural Corporation). The Agricultural Officer determines each week which field canals (Abu
Ishreens) are to be opened in the coming week and submits his water demand (called Indent) for each
of the Minors to the Ministry of Irrigation (MOI) engineer in control of the area. The MOl engineer sums
up the indent of all the Minors in the Major to form the indent at the head of the Major. The accumulated
indent of all the Majors forms the indent at Abu Rakham barrage. Gates at the barrage and all the off-
takes of the Majors and minors are then adjusted by the MOI engineers to pass the indent asked for in
each minor.

In recent years, however, and due to various factors, there are claims that the operation method as
described above is not strictly followed, in almost all the large scale irrigation schemes in the Sudan. On
the part of the MOI, on one hand, there are complaints that supplies do not necessarily match the indent.
On the part of the agricultural corporations, on the other hand, there are complaints that indents may not
be related to the actual crop demands, but is rather reflection of the previous difficulties experienced with
the MOI supplies.

In this paper the quality of irrigation water supply at different levels of the main irrigation system in
the Rahad Scheme are examined. Some performance indices are defined and used in evaluating the

“Senior Engineer of the Hydraulic Research Station, Wad Medani.

Resident Engineer, Abu Rakham Barrage in the Rahad Irrigated Scheme.
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performance of the system. The performance of the Rahad Irrigation System was also compared with
that of the Gezira Scheme.

2.2 PERFORMANCE INDICES

In order to judge the quality of supply of an irrigation system, some indices must be defined and used
to quantify the extent to which the supplies satisfy target levels. In this section, the indices employed in
the analysis are defined. The first two indices were taken from Francis et.al. (1988) and the second two
were adopted from Elawad (1991).

2.2.1 Indent/Crop Demand Ratio

This is a measure of the accuracy by which the agricultural officer estimates the indent. Clearly, the ideal
value for this ratio is unity. Values larger than one indicate over indenting and values less than one, on
the other hand, means under indenting.

2,.2.2 Supplies/Indent Ratio

The MOI engineer may not always be able to respond exactly to the indent of the agricultural officer, or

~may decide to make some adjustment to that indent before giving authorization. This ratio is a measure
of the level by which the engineer was able to satisfy the indent. The target value here is unity. Any
value greater than one means over supply while values less than one means under supply.

2.2.3 Adequacy of Water Supply

The water supply is said to be adequate if enough water is being supplied to satisfy the Crop Water
demands or Requirements (CWR). The water supply adequacy can be measured by the ratio of the
supply to the CWR. Clearly, the target value is one. An adequacy of less than one means at least some
areas were under stress for some time. An adequacy value of more than one means the supply is more
than the requirement, which means some water is being lost without being effectively used. In fact, the
reciprocal of the adequacy value can be taken as a measure of the efficiency by which water was used.

2.2.4 Equity

Equity is referred to as the difference in the quality of services provided by the irrigation system to
different parts of the scheme. This difference is best measured by the difference in the adequacy by
which water was supplied to different parts of the scheme rather than the difference in depth of water

e




supplied (Elawad 1991). Christiansen co-efficient (Christiansen 1942) which is the most widely used
measure of equity or uniformity of distribution is adopted.

i1=N
| a; - 4|
) i=1
Equity = 100 [ 1 - A
Where a, = Adequaéy at area i.
A = Average adequacy of all areas.

N Number of areas.

2.3 ANALYSIS OF THE WATER SUPPLY

The indices described previously were used to evaluate the performance of the Rahad main irrigation
system at three levels: (i) at the barrage headwork; (i) at the major® canal level; and (iii) at the minor’
canal level. Data for indents and water supplies were collected from the MOI records. For estimating
CWR, however, data on areas of different crops and their sowing dates was collected from the Rahad
Agricultural Corporation records. This data was used with the table of crop water requirements published
by the Agricultural Research Corporation for the Gezira Scheme (Farbrother 1977) and the calculations
were performed on a monthly basis.

In estimating CWR, the rainfall contribution and the canal open water surface evaporation losses
were not taken into consideration. Good estimation of the rainfall contribution to the CWR requires
consideration of the timing of the rainfall event with respect to the sowing date as the rain can only be
useful if it falls on a cropped area. A consideration of the soil moisture condition is also required at the
time of the rainfall event. This has not been done in this analysis because the objective here is to see
how a simple approximate analysis, which can be conducted by the irrigation manager himself using the
data routinely collected, can be useful.

However, proper evaluation of the effect of rainfall on the irrigation supplies through the use of soil
moisture simulation models has been conducted for the Gezira Scheme (Elawad 1991). This analysis
shows that on average rainfall contributes 14% of CWR. In the Rahad Scheme, the average rainfall is
probably higher than in the Gezira. Moreover, in the Rahad Scheme, almost all the area is cultivated
during the rainy season, and as such, has the chance to catch some rain. This is unlike in the Gezira
Scheme where large areas are cultivated with wheat which is grown after the rainy season.

For these reasons, a 15-20% rain contribution to the CWR in the Rahad Scheme seems a
reasonable estimate. The canal open water surface evaporation is considered the only transmission
water loss in the Rahad Scheme which is estimated to be 5% of the supply as compared to 8% in the
Gezira Scheme (Elawad 1991).

®sub-main canals are called "Majors" in Sudan.

secondary canals are called "Minors" in Sudan.




2.3.1 Supply at the Barrage Headwork (scheme level)
Abu Rakham Barrage is the point from which water supplies to the whole Rahad Scheme is diverted.
Table 2.1 gives a picture of the level of performance at the scheme wide level for 10 seasons from

1981/82 to 1990/91 inclusive.

Table 2.1. lIrrigation indents, supplies and requirements (billion m®) at Abu Rakham (scheme level).

Thousand Million m® IND/CWR SUP/IND (Adeq.) (Adeq.)
Season . CWR for
Indents Releases CWRs Gezira
1981-82 1.295 1.305 1.422 0.911 1.008 0.92 1.08
1982-83 0.904 0.907 1 0.904 1.003 0.91 1.24
1983-84 1.415 1.405 1.334 1.061 0.993 095 1.16
1984-85 1.242 1.217 1.351 0.919 0.980 0.90 1.00
1985-86 1.322 1.31 1.326 0.989 0.999 0.99 1.15
1986-87 1.215 1.195 1.489 0.816 0.984 0.80 1.03
1987-88 1.236 1.219 1.453 0.851 0.986 0.84 1.39
1988-89 1.116 1.21 1.385 1.084 1.084 0.87
1989-90 1.091 1.1 1.4 1.008 1.008 0.79 -
1990-91 1.332 1.345 1.282 1.039 1.010 0.95 -
Average 0.91 0.995 0.89 1.15

As can be seen from Table 2.1, the water supplies are highly adequate and efficient. Assuming a
10-15% net contribution to the CWR from the rain minus canal evaporation, the indents and supplies
agree very well with the CWR.

Table 2.1 also shows values of the adequacy of the water supply from Sennar Dam to the whole
Gezira Scheme (Elawad 1991) for some of the seasons under consideration. Clearly, the adequacy in
the Gezira Scheme is higher than that in the Rahad Scheme which means the water use efficiency in
the Rahad is better. Although, the higher rainfall contribution in the Rahad have some effect on this but
this result reflects the fact that the MOI is more conservative in supplying the more expensive pumped
water in the Rahad than in the Gezira Scheme, which is irrigated by gravity.

2,3.2 Supplies at the Major Canals Level

Three majors were selected for analysis, Major 2 at the head, Major 4 at the middle and Major 7 at the
tail of the irrigation system. Data on the total seasonal indent, irrigation supplies and CWR for the
1991/92 season are given in Table 2.2,

The table also shows some performance indices. Clearly, in the three majors, in spite of the over
indenting, supplies reasonably match CWR which indicates that the MOI engineers make reasonable
adjustments to the indents. It should also be noticed here that there is a clear decrease of adequacy with
increasing distance along the main canal with an equity index of 0.94.

10




Table 2.2. lIrrigation indents, supplies and requirements (thousand m®) during 1991/92 at Major level,
Canal Indent Release CWR Ind./CWR Sup/Ind. Sup/CWR
Major 2 12,720 12,085 11,000 1.16 0.95 1.40
Major 4 4,184 3,077 3,140 1.33 0.74 0.98
Major 7 167,735 | 136,980 146,000 1.15 0.82 0.94
Average 1.01

2.3.3 Supplies at the Minor Canal Level

Six minors were selected for analysis, three minors from major 2 and three minors from major 4. In each
of the two majors, the minors were selected such that, one from the head, one from middle and one from
the tail of the major. Table 2.3 shows the data and indices for the selected minors.

Clearly, the level of adequacy at the minor level is much lower than that at the major canals level.
it is also interesting to note that, in both majors, the level of adequacy in the minor increases with the
distance along the major. This is an unexpected phenomena. Probably, this resulted from the increasing
over indenting towards the tail of both majors as can be seen from the table.

Table 2.3. lrrigation indents, supplies and requirements (in thousand m®) at Minor level.

Major Minor Indent Sup. CWR Ind./CWR Sup./Ind. Sup./CWR

No. 2. Minor 6 4,890 4,945 5,050 0.97 1.01 0.98
Minor 36 5510 5,510 4,850 1.14 1.00 1.14
Minor 41 10,050 8,900 7,000 1.44 0.89 1.27

No. 4 Minor §5 3,020 1,895 3,020 1.00 0.63 0.63
Minor 56A 2,820 1,780 2,180 1.29 0.63 0.82
Minor 56 3,005 2,130 2,320 1.30 0.71 0.92

2.4 CONCLUSIONS

(1) Simple approximate analysis of the data routinely coliected in irrigation schemes can provide a
powerful tool for the irrigation manager by giving him a good picture of the level of performance
of his system and the direction in which he should move for improvement. Such analysis can
also be used to compare the performance of two different irrigation systems, or the same system
over time.

(2) Although the analysis conducted in this paper is approximate, as the rainfall and water losses
are not properly taken care of, yet the results indicate that at the scheme wide level, the Rahad
Irrigation System performs at high levels of adequacy and water use efficiency. At lower levels
of the system, however, the levels of adequacy and water use efficiency differs widely between
majors and between minors.

11



(3) There are varying levels of over indenting between individual minor and individual major canals.
Because the indenting in different minors is conducted by different people, it seems that there
is an element of personal judgement in estimating these indents.

(4) Equity between Minors in the Rahad Scheme is more evident than in the Gezira Scheme.
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Chapter 3

MAJOR CANAL PERFORMANCE EVALUATION OF RAHAD IRRIGATED SCHEME

Christopher Gideon?, Amir B. Saeed®, Hassan |. Mohammed '

3.1 INTRODUCTION

The major constraints to producing more food for meeting the demands of an increasing world population
is land and water scarcity. One possible approach to conserve these scarce resources may be through
improving the performance of the existing large scale irrigation projects. Other means to conserve these
resources is to improve their management and utilization level. A key factor in better management is the
performance of human resources. As such, the development of performance indicators and a rigorous
evaluation methodology for helping managers to improve their systems is critically needed. An evaluation
exercise is useful for establishing whether or not to make improvements (e.g., to employ an intervention
such as a rehabilitation program or not), on existing projects compare performance of different sections
within a project, or between different projects.

However, performance was conceptually approached by two models. The goal-oriented model (Scott
1979: and Seashore 1983) and system or contingency theory model (Murray-Rust and Snellen 1993).

A field multi-objective evaluation of the performance of irrigation systems are limited. Due to this
inadequate understanding of field conditions, magnitudes and causes of priority problems were not fully
identified, especially in less developed countries. However, most studies and reports were based on rapid
appraisals, or concentrating on one part of the system.

For the purpose of evaluating the performance of a multi-objective irrigation project for rural
development, the Rahad irrigated project was selected as a case study.

The Rahad case study may serve as a model to evaluate large agricultural projects in the central
clay plains of Sudan. Hence, this study is directed towards proposing and testing a set of quantitative
performance indicators for water delivery at the major canal level. As such, this study is expected to
establish standards and guidelines for the agencies managing the project.

°Research Student, Department of Agricultural Engineering, Faculty of Agriculture University of Khartoum.
°Acting Dean, Faculty of Agriculture, University of Khartoum.

YHead of Agricultural Engineering Department, Rahad Agricultural Corporation.
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3.2 INDEX SYSTEM FOR EVALUATION

Routine monitoring of an irrigation system is essential in providing the basic data for performance
assessment (Bos et al. 1993). On the basis of a goal-oriented model the following sets of indicators were
chosen to express the actual and planned values in term of a ratio:

(3.2.1) quality of irrigation service
(3.2.2) water scheduling indicator
(3.2.3) agricultural indicator
(3.2.4) overall index

3.21 Quality of irrigation services
Following approach of Molden and Gates (1990), this index conceptually addresses the system physical

capability for operating the system to deliver water as per the schedule. Major state variables to evaluate
the water delivery system in terms of amount (Q) at point (X) and time (t) may be defined as:

Q..X,) = actual amount delivered by the system;

Q..(X,;) = amount of crop water requirement at the downstream delivery point X;
Q,X,H = amount of demand or indent in the delivery schedule; and

Q,X\h = amount designed for perfect operation according to the given scheduie.

Hence, twelve performance measures are defined relative to four water delivery system objectives
(adequacy, efficiency, dependability and equity). Each measure is a function of selected state variables
of the system and is related to either actual field performance, performance relative to structural
contributions, or performance relative to management contributions. The adequacy objective relates to
the desire to deliver targeted amount of water needed for crop growth to delivery points in the system.
Efficiency is the conservation of water resources in the delivery process (prevention of over-delivery).
Dependability is the achievement of temporal uniformity in the ratio of delivered amounts of water to
targeted amounts. Equity is defined as the spatial uniformity of the ratio of the delivered water to the
targeted or potentially deliverable amounts.

The twelve output performance measures are summarized in Table 3.1 in the form of average
discrete functions of comparative ratios of state variables over a region or subregion, R, served by the
delivery system for a time period, T. Molden and Gates (1990) suggested a performance standard or
scale to judge the level of performance achieved (as good, fair, or poor) according to Table 3.2.
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Table 3.2. Performance standards for indicators of quality of irrigation service,

Indicator Scale
Good Fair Poor
P, 0.90-1.0 0.8-0.89 <0.80
P 0.85-1.0 0.70-0.84 <0.70
Py 0.00-0.1 0.11-0.20 >0.20
Pe 0.00-0.10 0.11-0.25 >0.25

Source: Molden and Gates (1990).

3.2.2 Water scheduling indicator (WDP)

The index of water delivery performance as defined by Bailey and Lenton (1984) is used to reflect the
process of scheduling through time and space. Hence, it monitors productivity and equity and combines
the effects of adequacy and timeliness with appropriate weights attached to critical periods of crop growth
(Mohammed 1992; Rao 1993). Water delivery performance (WDP) can be defined as follows:

n

E Kti Pw

t=1 .
2 f
Y K(ty) =1 i
i

Qac

- ti o

P, = if QactiSchru-
CWI;

otherwiseP, =1

wpp; =

5le

W;;:: = the total volume of water entering a minor (i) during the peribd ® ;
Qcwz,, = Total crop water requirement to be subplied to a minor (i) during period (t). é
K = Weighting factor indicating the relative importance of the different types of crop growthin i
a physiological or economic sense. i

n = Crop growth stage.

3.2.3 Agricultural indicator

Crop productivity may be evaluated either by area utilization (land conservation), yield categories as per
unit of area or per unit of water (Mohammed 1992; Rao 1993). In this study irrigated area utilization is
considered only which is taken as:

Actual Crop Area

. Performance =
Area Target Crop Area
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3.24 The overall performance index (O.P.l.)

The overall performance index for water allocation in the system varies in the view of different decision
makers or users. However, it is suggested here to express the views of each of the evaluators by
expressing their relative weight for each indicator. Hence, OPI can be defined as:

i~
1=1
i = 1,...... n
where:
"OPI = overall performance index;
W, = relative weight of (i) indicator;
S = the performance index scores for the (j) indicator; and
n = number of performance indicators.

3.3 APPLICATION TO SYSTEM EVALUATION
3.3.1 THE CASE OF RAHAD IRRIGATED PROJECT

The Rahad irrigated project, which is approximately 25 km wide and 160 km long, is situated along the
eastern bank of the Rahad River. The first phase of Rahad was put under production in 1981 (300,000
feddans), and its second phase is expected to increase its area up to 820,000 feddans. The soils, layout
and management of the Rahad are also like the Gezira Scheme (Elawad and Hamid 1993). Hence, the
development of a diagnostic analysis in Rahad may serve as a mode! to evaluate other large-scale
projects.

In addition, Rahad is a new and developing project; thus, it is selected as a case study on the
assumption that good bookkeeping and reliable data are available. This may serve to document its
existing practices and provide a warning system to any signs of failures not to be repeated in its second
phase. Elawad and Hamid (1993) reported that due to the lack of established standards and guidelines
for the two managing agencies (Ministry of Irrigation, MOl and Rahad Agricultural Corporation, RAC)
there is conflict and disagreement between them. A system to resolve this conflict and measure the
services rendered by both agencies is needed.

An extensive set of field measurements were made during the 1992/1993 season to monitor Major
No. 2 (head major) water flows. Four control points (CP) and six minor canals (m.c.) offtakes were
sampled to represent the major head, middle and tail conditions as shown in Figure 1. Primary and
secondary data are reported in Gideon (1994),

The data collected in the field allowed a determination of the state variables defined before (i.e.

Q. Qi Qe Q). Crop water requirements were calculated using Farbrother's Tables (1976).
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Figure 1. Schematic layout of Major Canal 2 displaying monitoring points.
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3.3.2 Evaluation according to control points (CP - evaluation)

Adequacy. Adequacy is based on the Molden and Gates scale (2). Table 3.3 shows that the actual
adequacy (P,,.) and the structural adequacy (P,s) can be considered good. On the other hand a poor
management adequacy (P,,) was indicated. This is attributed mainly to the fact that the management
agency (MOI) always operates the system within safety limits to avoid canals overflowing.

Efficiency: As shown in Table 3.4, the efficiency indicator due to actual (P.,c) and management (P,
ranges between good and fair. However, the structural efficiency (P.s) can be classified as poor. This
may be due to the fact that indents tend to be far less than the design discharges.

Dependability: Dependability is within the acceptable limits as shown in Table 3.5. However,
dependability of water distribution along the major canal tends to decrease slightly towards the tail end
of the canal which agrees with the findings of Elawad and Hamid (1993).

Equity: Table 3.6 shows good water distribution with respect to actual (P,) and management (Pg,,)

equity measure irrespective of location. However, equity due to hydraulic structure (Pgs) can be marked
as poor during the early and late seasons, whereas equity during the mid season is fair.
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3.3.3 Evaluation according to Minor canal offtakes
(M.C. - evaluation)

3.3.3.1 Adequacy
Following the Molden and Gates Scale (1990), Table 3.7 indicates good actual and structural adequacy,
irrespective of location or crop growth stage. However, management adequacy was poor in general. This
may be due to:
(a) Lack of communication (late response to the indents, or closing and opening the gates;
(b) The management seems to be based on personal experience and judgement, specially in
manipulating the gate opening rather than the proper use of existing and functioning structures;

and

(c) Water allocation by MOI in most cases is based on quota rationing on an area basis and strict
adherence to the rule not to run any canal near its maximum capacity (too safety conscious).

3.3.3.2 Efficiency

Table 3.8 shows a decrease in actual efficiency from head to tail minors and from early through late
season.

Management efficiency. Is within the design limits (rule of safety is always kept).

Structural efficiency. Although the selected structures were all functioning, the poor efficiency index is "

perhaps due to improper use, poor gate setting, and manipulation of the gates by the ghaffirs (gate-
operators).

There is no variation due to location or during season with respect to management and structural
efficiency.
3.3.3.3 Dependability
In Table 3.9, the following may be observed with respect to dependability:

(a) Actual dependability

- Seasonal performance: For head being near to the source of supply, its dependability is
generally fair at the head, but poor in the middle and tail.

-  Early season performance: dependability of the head and tail was found to be fair, while it was
poor in the middle. Results at the head are following the general trend observed by Elawad and
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Hamid (1993), while the tail situation is because of hydraulic position (movable weir) and not the
distance position.

- Mid and late seasons performance: The tail shows fair results due to the fact that the structure
is a movable weir which gives a positive head-flow relationship.

(b) Management dependability: Generally it can be described as fair irrespective of location along the

major with respect to the whole system. These results are in agreement with those given by Shafique
(1993).

- The variation was found to be due to hydraulic location rather than distance location.

- Results at the head may be described as good, but the middle displayed an inconsistent trend,
while the tail was good (due to moveable weir).

(c) Structural dependability: The operation of structures was poor, aithough the structures selected were
in good condition. This result likely occurs because they are operated without precise measurement.

3.3.3.4 Area Index

Table 3.10 showed the irrigated area performance (IAP). The ideal values of IAP should be unity. In this
table, the values are less than one, which means that the cropped area was a fraction of the target or
planned area. This was likely due to a lack of maintenance on the main drains due to the disposal of
excessive rainfall or surplus irrigation water.

3.3.3.5 Water delivery performance (WDP) indicator

Bailey and Lenton (1984) proposed WDP which varies between 0.0 - 1.0 and 1.0 is good. Following this
measure, Table 3.11 indicates that;

- The operation of the head and middle minor canals, with respect to WDP was found to be within
a good range throughout the early, middle and late seasons. However, the WDP distribution
decreased from head to tail minors, which in general indicated a common behavior of large
irrigation schemes.

3.3.4 Evaluation of overall performance index (OPI)
3.3.4.1 Control points - O. P. |,
When the control points were ranked according to their overall performance index as listed in Table 3.12,

they showed inconsistent and fluctuating results. These resuits are similar to Kab El Gidad Major in the
Gezira Scheme (Shafique 1993). The above stated situation indicates three probable explanations:
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(@) Actual and demand supplies are mismatched and the management tends to over indent at the
tail sections of the major;

(b) The type of hydraulic structure at the tail control point (movable weir) creates a positive head
condition; or

(c) The on-going monitoring exercise made some officials go abroad.
Whatever the case may be, the process of water distribution needs a detailed and corrective review.
3.3.4.2 Minor canal - O, P. I.
With reference to Table 3.13, the following ‘may be observed:

- results are in agreement with those reported for CP;

- head-tail variation are reported as common phenomena in large canal system (Rao 1993); and

- The results indicate that hydraulic position, rather than the spatial position only, has an effect in
altering the head-tail postulation.

3.4 CONCLUSIONS

Although the analysis is approximate as rainfall and other losses were not explicitly considered, yet the
set of indicators chosen and the results achieved indicate fairly well the trends in performance:

(1) As the delivery system is based on a demand mode, the block inspectors tend to over demand
water, while the operating engineers are conservative in supplying water within the canal safety
limits. Operation generally is based on personal experience, this calls for more training and
proper communication facilities.

(2) Analysis of operating CP generally indicates good performance, but with limited structural
efficiency and poor management adequacy. This is may be due to manual operation of the
system based on experience.

(3) Operation of minor canals in the Rahad irrigated project may be described as having good
performance, with the exception being the structural dependability performance.

In particular, the middle and tail ends indicate a poor dependability level at mid and late seasons,

while the overall seasonal dependability is fair. This indicates the importance of analyzing the inter-
seasonal variation in diagnosing each of these indicators.
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