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Water resources of Egypt are becoming scarce. Therefore the government is integrating 
activities toward optimizing benefits from the scarce water resources [1]. One of the most 
important efforts of Egyptian government in this regard is the Irrigation Improvement Project 
(IIP). The main objective of this study is to evaluate the performance of the IIP in the Nile 
Delta to determine the extent of achievements of project goals by assessing actual impacts 

and comparing them with expected impacts. Two command areas of IIP in the Nile Delta are 
chosen; El-Kahwagy and Daqalt command areas. Rapid Appraisal Process (RAP) is being used 
in this study to identify what can be done to improve project performance through applying a 
group of selected performance indicators. The results of this study showed efficient values of 
external indicators compared with the other projects evaluated by Burt and Styles [2] in other 
similar countries. It is noticed that the performance indicators are improved after applying 
IIP. Evaluation of IIP in the selected  areas showed that the results of productivity indicators 
of IIP in Daqalt area is much better than El-Kahwagy area.  

نظرا لمحدودية مووارد الميو ف  وص موور ووزور واارو المووارد الم ليوة والور  وزودمو  لرويو   همفوروظ ر هزودف دةظوي  ا  ود  دو مو  
ويزودف موذا الهحوا  الوص دويوي  مفوروظ ر دطووير  مواردن  الم لية. وم  أم  مذف المف ريع مفروع دطوير الر   ص الأراضي الوديمة.

طوة الدلد  , حيا د  درا ة منطودي الوزووص همح  ظة الغرهية و دقرر همح  ظة ك ر الفيخ وذلك ظ  طريو  ا ودادا  هرنو م  الر  همن
(RAP والووذي يووو ر أ وورو  موونظ  لدويووي  مفووروظ ر الوور  ظوو  طريوو  ح وو   موموظووة موو  ملفوورار  الأدا  الدااريووة والا رويووة )

( الد هةوة لزيلوة الأمو  المدحودو .  كمو  دو  ظموة مو رنوة OAFورير منظموة الأذذيوة والاراظوة )ومو رنة مذف الند ل  همة يير ث هدة حددم  د
هي  ند ل  مفروع الدطوير  ص مور ومفو ريع أاور  مفو هزة  وص ظرو زو  لرظوروف الموورية مو  حيوا المنو ا و نوظيوة المح ووية 

قهة وهةد دن يذ مفرع الدطوير همنطوة الوزووص. كمو  دو  أيضو  الماروظة و نوظية الدرهة . كم  د  ظمة مو رنة هي  قي  ملفرار الأدا  
ودهوي  مو  موذف الدرا وة ا   ظود مو رنة هي  قي  ملفرار الأدا   وص منطووة الوزوووص ومنطووة دقرور هةود دطهيو  مفوروع الدطووير هزو .

هوو ة ظ موة مو رنوة ه لمفو ريع  الا رويوة لمفوروظي دطووير الور  همنطودوص الوزوووص ودقرور ذار ك و  و ظ ليوة ند ل  ملفورار الأدا 
الأاوور .  كموو  أظزوورر مو رنووة ندوو ل  ملفوورار الأدا  قهووة وهةوود دطهيوو  مفووروع الدطوووير همنطوووة الوزووووص ايوو دو  ووص ظ لوود ا ند ويووة 

 % هةد الدطوير. 62  هةص هنك   و الر  لمنطوة الوزوو% هةد الدطوير كم  ااد ملفر 51الاراظية هن هة 
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1. Introduction 

 
Irrigation Improvement Project (IIP) is con-

sidered a national project and it is to be seen 

as a first step in the direction of bringing the 

Egyptian irrigation system in line with the 

demand. IIP is enhancing irrigation efficiency 
through technical improvement such as: 

changing the operation of branch canals from 

rotation system to continuous flow system, 

grouping of individual pumps into one lifting 

point at the head of the mesqa (single-point 

lifting), low- level mesqas replaced by high 
level mesqa (J-section) or by low-pressure 

pipelines with alfa-alfa valves feeding marwas 

and land leveling by laser. In addition to in-
stitutional improvement such as exhorting 

and educating farmers through Irrigation Ad-

visory Services (IAS) formed for the purpose of 

promoting the rational use of water for irriga-

tion, forming Water Users Associations (WUAs) 
in new and old, improved and non-improved 

lands, for better water management and more 

efficient recovery of operation and mainte-

nance costs. The objectives of IIP can be sum-

marized as removing water supply constraints 

to the achievements for realizing optimum 
crop production and to improve the overall 
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efficiency of water use [3].  According to 

Walker [4] the principal objective of evaluating 

surface irrigation systems is to identify man-
agement practices and system configurations 

that can be feasibly and effectively imple-

mented to improve the irrigation efficiency.  

Molden and Gates [5] studied the 

performance measures for evaluation of irriga-

tion-water delivery systems. They developed 
performance measures to facilitate analysis of 

irrigation water delivery systems in terms of 

adequacy, efficiency, dependability and equity 

of water delivery. The measures provided a 

quantitative assessment not only overall sys-
tem performance, but also contributions to 

performance from structural and management 

components of the system. Gergis [6] used this 

assessment and evaluated the performance of 

improved and traditional water delivery sys-

tem by measuring several indices such as; 
adequacy, efficiency, dependability and equity 

and she used a mathematical model for 

modernizing delivery system.  

A few performance indicators have been 

included in irrigation field for many decades 
and many have developed indicators that they 

have found to be useful. Murray-Rust and 

Snellen [7] described the framework of using 

performance indicators and noted two ap-

proaches to the use of performance indicators 

in the field of irrigation. Firstly, attempts to 
develop indicators which allow the perform-

ance of one system to be compared to similar 

systems elsewhere. Secondly, the use of indi-

cators to compare actual results with what 

was planted.  Bos [8] lists about 40 multidis-
ciplinary performance indicators. Molden et al. 

[9] worked on other indicators such as indica-

tors for comparing performance of irrigated 

agricultural systems.  

El-Kholy et al. [10] studied the improve-

ment of the on-farm irrigation management 
and practices in Egypt. Several performance 

indices such as adequacy, reliability, equity 

and other parameters using actual field data 

have been studied on a case study on Herze 

and Numania area (El-Minia, Egypt). She 
stated that IIP solves the problems of this 

area, which has the most conflict and the least 

efficiency in the irrigation system and creates 

better communication between the supplier 

and users. She concluded that there is an in-

crease in productivity in the range between 

6% and 25%. Moreover, saving in operation 

and maintenance costs is reduced approxi-
mately by 50% and 90%, respectively.  

Hevdit [11] collected survey data on three 

canal commands in middle Egypt. They are 

Herz-Numaniya and Beni Ibeid, which are lo-

cated close to the city of Minia, and Qiman 

Arus, adjacent to the city of Beni Suef. In his 
study, he analyzed the IIP effort at three pa-

rameters, water control, land saving and farm 

income. He analyzed water control on three 

dimensions (adequacy, reliability and fair-

ness). He concluded that farmers’ water con-
trol is improved because of well functioning 

continuous flow in operation. The mesqa sys-

tems improved water control, in addition to 

saving land. 40% of saved lands are used for 

agriculture and 60% for roads. He observed 

sizable reduction in irrigation cost including 
pumping cost. He noticed the decrease of time 

used to irrigate and cost of canal mainte-

nance. Farmer income is improved and an in-

crease of 13% in yields following IIP improve-

ment is gained. 
El-Nashar [12] compared between the dis-

charge and area served before and after ap-

plying IIP in Saidiya canal (Zgazig) and Mah-

moudia canal (Damanhour). She suggested a 

system of improvement in Mashtoul command 

area according to IIP components. The eco-
nomic evaluation of the improvement process 

is also included. She stated that after calcula-

tion of area served and discharge before and 

after development, it was found that a saving 

in water quantities equals to 14%. A saving in 
land areas equals 4% of the total served area 

can be obtained.  

The main objective of this study is to 

evaluate the IIP in the Nile Delta (El-Kahwagy 

and Daqalt command areas) using RAP to 

identify what can be done to improve project 
performance thr-ough applying a group of se-

lected and performance indicators. According 

to Burt [13], RAP is defined as a diagnostic 

tool that allows a qualified evaluator to sys-

tematically examine the irrigation project to be 
determined by computing several indicators 

(internal and external). 
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2. Cases studied 

 

In order to carry out this evaluation, two 
command areas of IIP are chosen. They are El-

Kahwagy in El-Gharbia governorate and 

Daqalt in Kafer El-Sheikh governorate. They 

are alike in their physical status, located in 

the Nile Delta and feeding from Meet Yazeed 

main canal in the middle of the Nile Delta as 
shown in fig. 1. 

Daqalt area is served by Daqalt canal, 

which is a typical traditional distributary ca-

nal in the Nile Delta serves an area of about 

5400 feddan. The Ministry of Water Resources 
and Irrigation improved the canal to be oper-

ated under continuous flow through three 

downstream control gates but it is still oper-

ating with rotation flow system. The area is 

served by about 82 improved mesqas. About 

75% of improved mesqas are planed to be 
pipelines and the other mesqas are concrete J-

section.  El Kahwagy area is served by El-

Kahwagy canal. El-Kahwagy canal is a dis-

tributary canal, which was improved in 1992 

as a pilot area of the IIP. It is operated under 
continuous flow. The flow in the canal is con-

trolled by Avis gates, which are downstream 

control devices. Manual gates are used to 

control discharges into branches. Branch ca-

nals are fed from El-Kahwagy canal. Single 

point lifting is introduced at each improved 
mesqa (concrete lined or low pressure pipe 

lines). Improved mesqas are operated and 

maintained by Water Users Associations. 

 

3. Rapid appraisal process  
 

 The Rapid Appraisal Process (RAP) allows 

a qualified evaluator to systematically examine 

the irrigation project to be determined [14]. 

RAP is a process of collection and analysis of 

data both in the office and in the field. The 
process examines external   inputs such as 

water supplies, and outputs such as water 

destinations (evapotranspiration (ET), surface 

runoff, etc.).  It provides a systematic exami-

nation of the hardware and processes used to 
convey and distribute water internally to all 

levels within the project. According to Burt 

and styles [2] RAP is classified into: 
External indicators: They examine what goes 

into and what leaves a project, whether it is 

money, water, water quality or other items. 

They can be very useful in comparing the con-

ditions before and after applying a project. 
Internal indicators: Examines how things 

function, and what internal factors might af-

fect. They help to show what processes might 

be changed and how to impact the external 

indicators. 

 
4. Results and analysis 

  
4.1. External indicators 
 

Water balance data of El-Kahwagy and 

Daqalt command areas for 12 months of year 
2003-2004 were collected. The data include 

water supply, crop pattern, crop water re-

quirements, volume of recirculated water in 

the project, special crop needs for the prepara-

tion of the land and climate data. Water re-
quirement for ET0 were calculated by 

Penman Monteith equation [15]. External 

indicators were calculated based on the 

previous data to show the relative perform-

ance of the projects in terms of water supply 

and agricultural production. Unfortunately, 
there are no available discharge data of El-

Kahwagy canal before and even after applying 

IIP. According to the available water levels and 

gates openings at head regulators, the 

discharges into El-Kahwagy and Daqalt canals 
were estimated. External indicators are 

divided into indicators of water supply and 

indicators of agricultural output due to 

irrigation. The calculations of agricultural 

output are based on an exchange rate 1 U.S $ 

equals 6.25 L.E. Fig. 2 illustrates the selected 
external indicators that introduced by the 

RAP. 

 
4.1.1. Indicators of water supply 

These performance indicators help to 
determine various efficiencies related to water 

supply in the command areas. Comparisons 

between the water supply indicators in differ-

ent projects as evaluated by Burt and Styles 

[2] and the corresponding values for El-

Kahwagy and Daqalt areas are introduced.  
 

4.1.1.1. Relative water supply (RWS) and 
relative irrigation supply (RIS) Relative Water 

Supply (RWS) is an annual value which 
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compares the total water supply (irrigation 

water and non irrigation water) that enters the 

command area against the net irrigation water 
requirements. If relative water supply is less 

than 1.0 it compresses need of water (crop 

stress). Fig. 3 shows the value of relative water 

supply in 

different irrigation projects as evaluated by 
Burt and Styles [2]. 

 
 

Fig. 1. Location map of IIP command areas in middle delta directorate [16]. 
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Fig. 2. The selected external indicators computed by the RAP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Relative water supply and relative irrigation supply in different projects. 

 

compared with the corresponding values for 

El-Kahwagy and Daqalt areas. El-Kahwagy 

and Daqalt projects have values of 1.17 and 

1.29, respectively, which are considered 

satisfactory compared with other projects. Dez 
project in Iran [2] has a value of 5.5. This high 

value reflects the high volumes of water sup-

plied to the project, which is uneconomic. It is 

noticed that the relative water supply of 

Daqalt project is higher than in El-Kahwagy 
project as shown in fig. 3. This means that 

Daqalt area receives more water than its need. 

RIS is the ratio between irrigation supply and 

irrigation demand. Since the amount of rain-

fall in El-Kahwagy and Daqalt areas are very 

small and consequently, negligible differences 

between RWS and RIS values are noticed in 

fig. 3. 

Fig. 4 shows a comparison between RWS 
before and after implementation of IIP in El-

Kahwagy area. It shows a decrease of about 

15% in relative water supply after implemen-

tation of IIP in El-Kahwagy area. This means a 

reduction in water supplied to the command 
area after applying IIP. This is due to applying 

continuous flow system, reduction of water 

loss at canal ends and increase of conveyance 

Output per unit water consumed 

consconsumed 

 

EXTERNAL INDICATORS 

Indicators of Agricultural Output  Indicators of Water Supply 

Output per unit cropped area  

Output per unit command area  

Output per unit irrigation supply  

Relative water supply (RWS) 

Water delivery capacity 

 

Project irrigation efficiency 
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efficiency due to canal lining and improved 

mesqas. 

 
4.1.1.2. Water delivery capacity this external 

indicator compares the inflow rates by the 

project in terms of the canal capacity. It is the 

value of design canal capacity divided by peak 

irrigation water consumptive demand.  Fig. 5 

provides a comparison between the water 
delivery capacities in different projects as 

evaluated by Burt and Styles [2] compared 

with the corresponding values for El-Kahwagy 

and Daqalt areas. It can be seen that El-

Kahwagy and Daqalt canals have the highest 

value of this indicator, being 261% and 208%, 
respectively. This is because the cross sections 

of these canals are designed to pass huge vol-

umes of water in short time during flood pe-

riod. Accordingly, wider cross-sections are oc-

curred and high capacities of water delivery 
are obtained. It can be also noticed that El-

Kahwagy canal has a higher value of water 

delivery capacity compared to Daqalt canal. 

This is because El-Kahwagy canal feeds sev-

eral branches compared with Daqalt canal. 

Wider canals allow more storage and more 
flexibility, easy operation, better water 

controllability and less spills. 

 
4.1.1.3. Annual project irrigation efficiency this 

indicator is the ratio of water requirement and 

water delivered to the project.  If irrigation effi-
ciency is properly understood and defined it 

helps to avoid double counting of water and 

unwarranted expansion. Fig. 6 shows a 

comparison between the results of the study 

in El-Kahwagy and Daqalt areas and the 
corresponding values of the projects irrigation 

efficiencies as evaluated by Burt and Styles 

(1999). El-Kahwagy and Daqalt projects have 

high values of project irrigation efficiency, be-
ing 92% and 83 %, respectively. These values 

indicate that almost all the irrigation water 

supply is being beneficially used. The low val-

ues of project efficiency like Dez, Majalgaon 

and Office du Niger projects indicate a poten-

tial for plans to increase the irrigated area 
with the same amount of water supply.  

Fig. 7 shows an increase of about 26% in 

annual project irrigation efficiency after ap-

plying IIP into El-Kahwagy area. This is due to 

the decrease of water supplied to the com-
mand area due to applying continuous flow 

system. The value of annual project irrigation 

efficiency of El-Kahwagy area showed a higher 

value compared with Daqalt area. This is due 

to recirculation of drainage water using a mix 

pump station in El-Kahwagy area.  
 

4.1.2. Indicators of agricultural output due to 
irrigation  

 
4.1.2.1 Output per unit cropped area it is the 

total annual value of agricultural production 
divided by irrigated cropped area (including 

multiple cropping). Fig. 8 shows that Daqalt 

and El-Kahwagy areas have values of output 

per cropped area 1623 $/ha and 1410 $/ha, 

respectively. There is a relation between the 
production value and the crop intensity on the 

production. It’s the value of total annual 

cropped area divided by the served area in the 

project. El-Kahwagy and Daqalt projects have 

crop intensity of 2.23 and 2.34, respectively. 

Productivity of   Majalgaon  project in  India  is  
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Fig. 4. Comparison of RWS before and after applying IIP in El-Kahwagy area. 
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Fig. 6. Annual project irrigation efficiency. 

 

the lowest because its crop intensity is only 

0.3. Fig. 8 shows also that Daqalt has more 

productivity than El-Kahwagy. This difference 
may be attributed to that the crop intensity in 

Daqalt area is higher than El-Kahwagy area. 

Moreover, the improved area in El-Kahwagy 

project is only 27% of the total area, while all 

the served area in Daqalt is improved. This 

makes the overall field irrigation efficiency of 
El-Kahwagy area is low compared with Daqalt 

area. 

Fig. 9 shows the effect of IIP on the 

production value of El-Kahwagy command 

area. The total annual values of agricultural 
production and output per unit cropped area 

are increased by about 15% after applying IIP. 
 

3.1.2.2. Output per unit irrigation water supply 

it is the production in terms of water supply. 

Fig. 10 shows output per unit irrigation water 
supply for El-Kahwagy and Daqalt areas com-

pared with other projects as evaluated by Burt 
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capacitycanalMaincapacitydeliveryWater 
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and  Styles  [2].   It   shows   that  El-Kahwagy  

and Daqalt have higher values of this indica-

tor than the other projects. That is because 
the amount of water supplied to the projects is 

nearly matching crop needs. It is noticed that 

other projects supply high volumes of water. 

Fig. 10 shows that El-Kahwagy area has a 

higher value of output per unit irrigation wa-

ter supply compared with Daqalt area. This is 
because continuous flow is applying into El-

Kahwagy canal, while Daqalt canal is still un-

der the rotation flow system. 

Fig. 11 shows comparison between the output 
per unit irrigation supply for El-Kahwagy area 

before and after implementation of IIP. It can 

be noticed that there is an increase of about 

44% in the output per unit irrigation water 

supply. This is due to the increase of produc-

tivity and decrease of water supplied to the 
command area.   
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Fig. 7. Comparison of annual project irrigation efficiency before and after applying IIP into El-Kahwagy area. 
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Fig. 9. Comparison between outputs per unit cropped area before and after applying IIP. 

 

4.2. Internal indicators 

 
The objectives of the internal indicators 

are to identify the key factors related to water 

control throughout projects and to define the 

level of water delivery service provided to the 

users.  The objectives are also to examine spe-

cific hardware and management techniques 
and processes that used in the control and 

distribution of water. This information com-

bined with the detailed results of the RAP to 

provide a guideline of the items where project 

authorities should focus the future activities 
and budget priorities.      

Table 1 lists the studied internal indicators 

and their sub-indicators. Each internal indica-

tor has assigned a value of 0 to 4.  The zero 

value indicates the least desirable, while 4 de-

notes the most desirable. Data from field visits 
and several hundred questions are answered 

in a standardized format covering topics such 

as water supply, personnel management, ca-

nal structures, level of water delivery service 

throughout the project. Numerous related top-
ics were collected for all levels of canals in El-

Kahwagy command area. The value of each 

indicator is determined by applying Burt and 

Styles [2] relative weighting factors to each 

sub-indicator then summing up them to pro-

duce the overall values of indicators and 
adjusting them based on possible scale of 0-

10 (10 indicating the most positive condi-

tions). 
 

4.2.1. Actual water delivery services to  
         various levels of canals 

The actual water delivery service to the 

field level is the measure of flexibility, reliabil-

ity, equity and measurement of water supply 

to individual fields. Fig. 12 shows an overall 

value of actual water delivery service to 

individual fields for El-Kahwagy area com-
pared with  other  projects  that  evaluated  by  

 Burt and Styles [2].  It shows that Rio 

Mayo project in Mexico has a value of 7.8. It is 

the highest value of this indicator. It has a 

high flexibility in water delivery service to 
individual fields and a very high density of 

turnouts. In this project, operators know the 

flow rates in advance throughout the project 

reasonably well. They have excellent 

communications and mobility and work 

quickly and quite to provide flexibility.  For the 
five projects, the average value of actual water 

delivery service to the fields is 5.44 of 10. El-

Kahwagy canal has a value of 6.0, which is 

higher than the average value, but it can be 

improved if the project authorities pay 
attention to flow measurements in fields Fig. 

13 shows a comparison between actual water 

delivery service before and after im-

plementation of IIP. Due to increasing of flexi-

bility, reliability and equity after the applica-

tion of continues flow to El-Kahwagy area, the 
actual water delivery service to individual 

fields improved from a value of 2.25 to 6.0 of 

10. 

 



H. Moghazi  et al. / Irrigation improvement 

214                                        Alexandria Engineering Journal, Vol. 45, No. 2, March 2006 

0.1

0.03 0.03

0.09

0.256

0.228

0

0.05

0.1

0.15

0.2

0.25

0.3

 Output per unit irrigattion supply

$/cu.m

Rio mayo, Mexico

Dez, Iran

Majalgaon, India

Office du Niger, Mali

EL- Kahwagy, Egypt

Daqalt, Egypt

 

 

 

Fig. 10. Output per unit irrigation water supply. 
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Fig. 11. Comparison between outputs per unit irrigation supply before and after applying IIP. 

 
4.2.2. Water Users Associations (WUA) 

WUA have received much attention in the 

last two decades. In many cases, discussions 
appear to assume that if a WUA is formed, 

many irrigation project problems will disap-

pear. However, the WUA must empower by 

water and law in order to be effective. Strong 

WUA can be formed if there are reliable water 

supply, financial management by WUA, auton-
omy, good training (both farmers and engi-

neers) of technical managerial skills.  

Fig. 14 shows that the value of this 

indicator in El-Kahwagy command area is very 

low and equals 1.5.  This is because there are 
no strong WUA’s in the area. El-Kahwagy area 

was the first pilot area of the IIP, so there were 

some problems which made the farmers not 

satisfied with the services received. The most 

noticeable factor which needs to accom pany a 

reliable supply to the WUA is a high density of 
manageable turnouts (requiring very little or 

no inter- farmer cooperation) with the WUA it-

Output per unit irrigation supply  

any) (if pumping water ground  annual  total area   theoutside from water irrigation surface
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self.  Daqalt project has better performance of 

WUA compared with El-Kahwagy project. This 

is because of the better infrastructures avail-
able in Daqalt area. It can be noticed that Dez 

project in Iran and Office du Niger project in 

Mali have zero value because they do not have 

WUA. 

 
4.2.3. States of main canal control structures, 

management and operation 

Fig. 15 shows comparison between the re-

sults of main canal management internal indi-

cators for El-Kahwagy and other projects 

evaluated by Burt and Styles [2]. It illustrates 
five internal indicators for the main canal.  

The first internal indicator is the cross 

regulator hardware. This indicator examines 

ease of operation, level of maintenance, fluc-

tuations of target levels and travel time of flow 

rate changes through the length of canal. It is 
noticed that El-Kahwagy and Majalgaon pro-

jects have higher values of this indicator com-

pared with other projects. This is because us-

ing radial gates along the main canals. This 

type of gates allows very easy operation and 
control. In El-Kahwagy, it is recommended for 

IIP authorities to pay attention to the mainte-

nance level of cross regulators and to the 

problems of design and installation. 

The second internal indicator is turnouts 

from the main canal. Turnouts designs vary 
widely in their ease of operation and in how 

well operators can control and measure flow 

rates. In El-Kahwagy, the value of this indica-

tor is 5.75, which is considered low compared 

with the average of other projects, which is 
6.83. Although there are simple manual gates 

easy to operate, there is no maintenance of 

these gates and broken parts are noticed in 

the project. There are problems in passing the 

maximum desired flow rate, where some 

offtakes level is  high  and,  consequently,  the 
levels of  water don’t  reach the outlet of
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Fig. 12. Overall values of actual water delivery service to individual fields. 

 

2.25

6

0

1

2

3

4

5

6

7

8

9

10

Actual water delivery service to individual

fields

A
c

tu
a

l 
w

a
te

r 
d

e
li
v

e
ry

  
s

e
rv

ic
e

 t
o

 i
n

d
iv

id
u

a
l 
fi

e
ld

s

EL-Kahwagy before

applying IIP

EL-Kahwagy after applying

IIP

 
 

Fig. 13. Comparison of actual water delivery service to individual fields before and after applying IIP. 
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Table 1  
Internal indicators and sub-indicators computed by the RAP 

 

Internal indicator Sub-indicator 
Wt. 
factor 

Actual water delivery service to indi-
vidual fields 

Measurement of volumes to individual fields 1 

Flexibility to individual units 2 

Reliability to individual units 4 

Apparent equity to individual units  4 

Actual water delivery service from 
main canal to sub-main 

Flexibility 1 

Reliability 1 

Equity 1 

Control of flow rates to the submain as stated 1.5 

Social order indicator –evidence of 

orderly behavior throughout the ca-
nals that are operated by paid em-
ployees 

Degree to which deliveries are NOT taken when not 
allowed, or at flow rates greater than allowed 

2 

Noticeable non-existence of unauthorized turnouts 
from canals. 

1 

Lack of vandalism of structures. 1 

Employee indicator 

Frequency and adequacy of training of operators 
and middle managers (not secretaries and drivers).  
This should include employees at all levels of the 

distribution system, not only those who work in the 
office. 

1 

Availability of written performance rules 1 

Power of employees to make decisions 2.5 

Ability of the project to dismiss employees with 
cause. 

2 

Rewards for ememplary service 1 

Relative salary of an operator compared to a day 
laborer 

2 

Water user association indicator 

Percentage of all project users who have a func-
tional, formal unit that participates in water distri-
bution 

2.5 

Actual ability of the strong Water User Associations 

to influence real-time water deliveries to the WUA.   
1 

Ability of the WUA to rely on effective outside help 
for enforcement of its rules   

1 

Legal basis for the WUAs  1 

Financial strength of WUAS  1 

Turnouts indicators 

Ease of turnout operation under the current target 
operation.   This rating indicates how easy or diffi-
cult it would be to move the turnouts and measure 
flows to meet the targets.  

1 

Level of maintenance 1 

Flow rate capacities 1 

Cross regulator hardware 

Ease of cross regulator operation under the current 
target operation.  This does not mean that the cur-

rent targets are being met; rather this rating indi-
cates how easy or difficult it would be to move the 
cross regulators to meet the targets. 

1 

Level of maintenance of the cross regulators. 1 

Lack of water level fluctuation  3 

Travel time of a flow rate change throughout this 

canal level  
2 

Main canal communications 

Frequency of communications with the next higher 
level? (hr) 

2 

Frequency of communications by operators or su-
pervisors with their customers 

2 

Dependability of voice communications by phone or 

radio. 
3 

Frequency of visits by upper level supervisors to the 
field. 

1 
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Continues of Table 1 

 
 Existence and frequency of remote monitoring (ei-

ther automatic or manual) at key spill points, in-
cluding the end of the canal 

1 

Availability of roads along the canal 2 

General condition of the main canal 
 

General level of maintenance of the canal floor and 
canal banks 

1 

General lack of undesired seepage (note:  if deliber-

ate conjunctive use is practiced, some seepage may 
be desired). 

2 

Travel time from the maintenance yard to the most 

distant point along this canal (for crews and main-
tenance equipment) 

1 

Availability of proper equipment and staff to ade-

quately maintain this canal 

1 

Operation of the main canal How frequently does the headworks respond to re-
alistic real time feedback from the opera-
tors/observers of this canal level? This question 
deals with a mismatch of orders, and problems as-

sociated with wedge storage variations and wave 
travel times. 

2 

Existence and effectiveness of water order-

ing/delivery procedures to match actual demands.  
This is different than the previous question, be-
cause the previous question dealt with problems 
that occur AFTER a change has been made. 

1 

Clarity and correctness of instructions to operators. 1 

How frequently is the whole length of this canal 
checked for problems and reported to the office?  

This means one or more persons physically drive all 
the sections of the canal. 

1 
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Fig. 14. Overall value of water user associations indicator. 
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Fig. 15. States of main canal control structures, management and operation. 

 

offtakes. The value of this indicator can be im-

proved by increasing the level of maintenance 

of turnout gates. 

The third internal indicator is the commu-

nication. A major consideration in canal man-
agement is the communication between op-

erators and monitoring of water levels and 

flows at key control or spill points. 

The fourth internal indicator is the general 

condition of the main canal. Examination of 

general condition of the canal is very impor-
tant. El-Kahwagy project has a low value of 

this indicator, which is 4 of 10 compared with 

the average of projects, which is 6.9. This is 

because the level of maintenance of the canal 

bed and banks is not good enough to prevent 
some decreases in performance of the canal. 

The fifth internal indicator is the operation 

of the main canal. This indicator primarily in-

dicates how well the staff in charge of the 

main canal understand basic concepts of irri-

gation, where there are numerous challenges 
in irrigation projects difficult to understand 

and solve. In El-Kahwagy project, the value of 

this indicator is considered high and equals 

6.0 compared with the average of the projects, 

which is 5.34. It still needs to be enhanced by 
providing proper equipment and staff to ade-

quately maintain the canal and the travel time 

of these equipments must be small. 

Fig. 16 shows a comparison between the 

above five indicators before and after applying 

IIP in El-Kahwagy area. The first three indica-
tors are relatively improved. Meanwhile, turn-

out and communication indicators are still 

have to be improved. Moreover, the results 

didn’t show any impacts of IIP on general con-

dition and operation of the canals. Therefore, 

it is recommended to pay attention to these 

aspects in the future to improve them. 
 

5. Conclusions 

 

According to the evaluation of the IIP into 

two command areas the following conclusions 

are summarized: 
1. Relative water supply of El-Kahwagy and 

Daqalt command areas are 1.17 and 1.29, re-

spectively. These values are higher than 1.0. 

They are considered satisfactory values com-

pared with other projects. Relative water sup-
ply of El-Kahwagy area before applying IIP is 

1.41. 

2. Project irrigation efficiency of El-Kahwagy 

and Daqalt is 92% and 83%, respectively. 

They are considered high values compared 

with the average of other projects, which is 
36%. High values mean that almost all of the 

irrigation water supply is currently being 

beneficially used.  Project irrigation efficiency 

of El-Kahwagy area before applying IIP is 73%. 

3. Water delivery capacities of El-Kahwagy and 
Daqalt canals are 261% and 208%, respec-

tively. They are higher than the average of 

other projects, which is 111%. High values 

allow more storage, more flexibility, easy op-

eration and less spills. 

4. Productivity indicators in Daqalt and El-
Kahwagy areas comprise efficient values com-

pared to other projects. Moreover, Daqalt area 
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has higher values of productivity indicators 

than El-Kahwagy . Output per unit command 

area and Output per unit irrigated area for El-
Kahwagy increased by about 15% after ap-

plying IIP. Output per unit command area is 

3148 US$/ha and 3245 US$/ha for El-Kah-

wagy and Daqalt areas, respectively. Output 

per unit irrigated area, including multiple 

cropping areas is 1410 US$/ha and 1623 

US$/ha for El -Kahwagy and Daqalt command 

areas, respectively.  
5. Applying continuous flow system in El-

Kahwagy canal reduces the irrigation water 

supplied to the command area.  Accordingly, 

the value of output per unit irrigation supply
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Fig. 16. Impacts of IIP on operation, management, communication and general condition of El-Kahwagy main canal 

 
of El–Kahwagy area is 0.256 US$/m3, which is 

higher than the value of Daqalt area 0.2281 

US$/m3 that still supply water in rotation flow 

system. Output per unit irrigation supply of 

El–Kahwagy area increases by about 44% after 
applying IIP 

6. Output per unit water consumed is 0.2898 

US$/m3 and 0.2844 US$/m3 for El-Kahwagy 

and Daqalt areas, respectively. Output per 

unit water consumed for El-Kahwagy area in-

creases by about 15% after applying IIP. 
7. The value of WUA indicator in El-Kahwagy 

area is very low compared with the average of 

other projects. Meanwhile, Daqalt area has a 

higher value than El-Kahwagy area. This is 

due to construction of turnouts and improved 
mesqas in Daqalt area. 
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