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ABSTRACT

Since year 1800 the first regulator was built to control the flood of the river Nile and to save water
for irrigation and other purposes. Till this time, the only criterion adopted for decision making for
replacement or rehabilitation is based on the structure age. Given the fact, some of old hydraulic
structures still functioning with higher hydraulic efficiency compared to the newly structures. This
paper presents new detailed analyses and methodology, based on using multi criteria analysis, to
evaluate the existing conditions of regulators and barrages in Egypt. The methodology is based on: 1)
preparing a detailed data base for all existing barrages and regulators in Egypt; 2) Developing the
evaluation technique ; 3) Apply the developed techniques on existing regulators/barrages. The
evaluation based on using set of goals; each goal was served by set of measures and sub-measures.
The evaluation of the hydraulic structure was based on the value of an objective function; which is the
summation of multiplying the weight of each sub-measure by the score of the evaluated hydraulic
structure. For this purpose, data collection for a random sample of 154 regulators and barrages was
undertaken, and the corresponding sub-measures data were collected for each regulator and barrage.
Statistical analysis was carried out for each sub-measure data for detecting their score limits that vary
from one (for worst condition, and less importance) to five (for best condition, and higher importance).
For the determination of the weight for each sub-measure in order to detect its importance with respect
to others and to determine the thresholds between various actions, a questionnaire was prepared and it
was distributed to twenty two experts. The results of such questionnaire were collected and analyzed.
The new evaluation matrix have been applied to twenty existing regulators and barrages to evaluate
their performance.
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1. INTRODUCTION

River Nile is the longest river in the world. It is an extremely important source of water in Africa —
Egypt in particular. The river is an important source of freshwater for both household and agricultural
use. Most of the hydraulic structures are needed on rivers and canals for the distribution of irrigation
water between main and branch canals. Other functions of the hydraulic structure can be obtained
according to the type of the hydraulic structure. The barrage can be classified as a divergent dam
equipped with gates. Also it can be described as a gated spillway or weir which raises the upstream
water level to feed freely the intake canals. Barrages and regulators are constructed on waterways like
rivers and canals for proper regulation of water levels and discharges. The lock is a structure built
adjacently to a control structure on a channel, usually, serving irrigation and navigation. The structure is
used for raising the boats, in the lock chamber, from a lower level to a higher level or the reverse.
Barrages are crucial hydraulic structures for the operation of the Nile’s water distribution network in
Egypt.El-Khyria barrage is the first large-scale hydraulic structure in Egypt for the operation of the

81


mailto:alaa.zawahry@gmail.com

Nineteenth International Water Technology Conference, IWTC19 Sharm ElSheikh, 21-23 April 2016

irrigation system constructed in early nineteenth century. It was built to control the flood of the River
Nile, and to save water for the rest of the year to be used for irrigation, and adjustment of water level by
determining the suitable release for irrigation and other demands. Since then, the number of hydraulic
structures increased significantly to more than three hundred structures distributed along the water
distribution network in Egypt.

Some of the barrages/regulators require rehabilitation or replacement in order to keep them
functioning effectively. In Egypt, the only criterion adopted for related decision making is based on the
virtual age of the structure, given the fact that some of the old hydraulic structures still functioning with
higher hydraulic efficiency compared to the newly structures. There are many regulators/barrages that
have been rehabilitated and rebuilt in Egypt during the previous years. Reservoirs and Grand Barrages
Sector (RGBS) has invited consultants to participate in putting criteria to judge the regulators status,
current priority list developed by the consultant is not satisfying all the requirements [1]. The oldest
regulator that has been replaced is Ismailia head regulator at km 949 right bank of River Nile on Ismailia
channel at 1976. The construction year for this regulator is 1898, so it was replaced after spending about
78 year in the service. The latest regulators that have been replaced are Rayah El-Tawfeky, and Rayah
El-Abbasy at 2010, 2009 respectively. The latest barrage that still under construction is New Assiut
Barrage. The decision for the replacement of Assiut barrage was taken after a prepared study by Thomas
Telford [2]. The main technical points of this study for Assiut barrage after the evaluation can be
summarized as follows:

» The barrage superstructure is seemed to be in a good condition. Minor rehabilitation works are
proposed, primarily to the upstream pier nose as shown in Fig. 1.

» The hydro-mechanical equipment has reached the end of its useful service life (70 years old). A
complete replacement of these items is required.

» The construction is needed of a new navigation lock (120m x17m)on the left side of the river.
This location will require the demolition of some existing nine barrage vents. In addition to the
above, there is also a need for consideration of a hydropower plant (HPP).
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Fig.1: Old Assiut barrage, view from upstream (T.J.F. HILL,2006).

According to the previous study achieved for Assiut barrage, there was no need for replacement
except that the client need to see new multi-purpose structure. So, there is no guideline rules and criteria
that can be used to help the decision makers to take the right decision. Due to the importance of
regulators/barrages in the hydraulic systems in Egypt, there is a need to evaluate the whole performance
of them. In the past and until now, there is only one criterion that is used to evaluate the
regulators/barrages according to their age in spite of other characteristics. Effective decision-making
requires an explicit structure for jointly considering the environmental, ecological, technological,
economic, and socio-political factors relevant to evaluating alternatives and making a decision. Belton
and Stewart (2002) define multi-criteria decision analysis (MCA) as, "an umbrella term to describe a
collection of formal approaches which seek to take explicit account of multiple criteria in helping
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individuals or groups explore decisions that matter" [3]. So, using multi-criteria technique will be useful
in the evaluation of the regulators/barrages taking into consideration the different aspects affect the
whole performance of the structure.

Fundamentally, MCA has inherent properties that make it appealing and practically useful. Belton
and Stewart (2002) portrayed some of these properties as: (1) “‘it seeks to take explicit account of
multiple, conflicting criteria’’, (2) it helps to structure the management problem, (3) it provides a model
that can serve as a focus for discussion, and (4) it offers a process that leads to rational, justifiable, and
explainable decisions. Meng Yang et al. (2011) developed a framework of multi criteria to discuss flood
risk analysis which include economic, social and environmental aspects for decision making for dam
management, especially in urban areas [4]. The multi criteria analysis was applied to the case study of
Heiwa dam in China. Past experience suggests that decisions for bridge investment made depending
only on the basis of lowest cost yield which give unsatisfactory results. So, bridge agencies have a need
to improve current decision-making methodologies to include different performance criteria, such as
bridge condition, safety, traffic flow disruption, and vulnerability. Accordingly Vandana et al (2007)
used multi criteria analysis (MCA) to help bridge management decision making and thus to enhance the
cost-effectiveness of agency spending [5].

So, using multi-criteria technique will be useful in the evaluation of the regulators/barrages taking
into consideration all different aspects affect the whole performance of the structure.

2. METHODLOLOGY

In the following sections, the main steps for constructing multi-criteria analysis [6,7] are
applied as illustrated in Fig. 2.

Step 1: Define decision problem

!

Step 2: Identifying options/alternatives

]

Step 3: Identifying goals, criteria, and sub-criteria

!

Step 4: Assessing performance levels with scoring

!

Step 5: Assessing weights for each sub-criteria

!

Step 6: Identifying the objective function

|

Step 7: Make decision recommendation

Fig. 2: A flowchart schematically showing the main steps for Multi Criteria Analysis (MCA)

2.1  Step 1: Define Decision Problem

The main objective of this paper is to develop MCA for evaluating the current conditions of
barrages and regulators in Egypt. This evaluation technique will help the decision maker representatives

83



Nineteenth International Water Technology Conference, IWTC19 Sharm ElSheikh, 21-23 April 2016

in the ministry of water resources and irrigation ( MWRI) (reservoir and grand barrages sector) to take
the right decision about the existing regulators/barrages in Egypt. Figure 3 illustrates the main elements
of regulators/ barrages.
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Fig. 3: Main Components of Regulators.
2.2 Step 2: Identifying Options/Alternatives

Through this step, it is necessary to search about new, strong, and different options/alternatives that
can cover all solutions of the problem. The main objective of the whole evaluation of the existing
regulators in Egypt leads to the final decision as one of following three options:

A. Option (1) : Do nothing

This option means that the current situation of the regulator is excellent, and there is no need for
any outside action.
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B. Option (2) : Rehabilitation

This option means that there are minor and/or moderate comments about the current situation of
the barrage/regulator. These remarks or comments can be solved by maintenance and repairs ranges
from small to medium scale.

C. Option (3) : Rebuild
This option implies that the current situation of barrage/regulator is critical, due to existing

several weak points in different aspects in the hydraulic structure (major concerns). The
recommendation could be a rebuild of new barrage/regulator to replace the old.

2.3 Step 3: Identifying Goals, Criteria, and Sub-Criteria
By discussing the main features of barrages/regulators it is found that all surrounding conditions
about our decision can be summarized into main six goals. Each goal may be measured by several
criteria (measures), and each measure can be represented by different sub-criteria (sub measures) as
described in Table 1.

Table 1: Overall goals, criteria, and sub-criteria for the evaluation of barrages/regulators.

No Overall Performance Measures Sub- Measures (sub- criteria)
' Goal (Criteria) No. Name
Structure Age 1 | Structure service period
Structure Structure Purpose 2 | Structure goals
Features =
1 (History) Structure Type _ 3 | Structure !mportange
Structure Material 4 | Construction material
. 5 |Superstructure condition
C_urrent Condition 6 | Substructure condition
2 Structure Situation —
Preservation 7 | Gates COHd_I'FIOﬂ _
8 | Lock condition (If exist)
Surrounding conditions 9 | Adjacent structures
Area Served 10 | Actual area served
. 11 | Designed head difference
Head Difference 12 | Head difference ratio
Diverted Discharge 13 | Actual diverted discharge
14 | Number of vents
3 Operational 15 | Relative length of the waterway
Efficiency . 16 | Gates types
Gates Operation 17 | Gates operation
18 | Percentage of partially opened gates.
19 | Percentage of fully opened gates.
P 20 | Locks numbers (if exist)
Lock Operation (if exist) 21 | Lock degree (if exish)
22 | Width of barrages bridge
4 Bridge Geometric Situation 23 | Approximate barrages bridge length
Accessibility 24 | Design load for barrages bridge
Operational Situation 25 | Road service degree
26 | Safety against stress (if available)
5 Safety Structure Stability [9] 27 | Safety against sliding (if available)
28 | Safety against overtopping (if available)
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29 | Previous maintenance history

Previous Enhancement 30 | Previous strengthen history

for the Structure — -
31 | Description of maintenance and strengthen

32 | safety against seepage

33 | Cracks location

34 | Cracks types

35 | Cracks properties

36 | Scour location

37 | Scour depth

Safety Against Extreme 38 | Average scour area

39 | Number of scour areas

Problems
40 | Sediment location
41 | Sediment depth
42 | Average sediment area
43 | Number of sediment areas
44 | Seismic magnitude [10]
45 | Seismic zone [10]
46 | Seismic return period[10]
Effect of 47 |Adding structure purposes (power generation,...)
6 ?L)J(t%er(éwd R_equ!red Modifications 48 | Increasing the actual operating head difference
development (if exist) 49 | Increasing the actual operating discharge
(if exist) 50 | Increasing the lock numbers

2.4 Step 4: Assesing Performance Levels With Scoring

The main objective of this section is to derive a score for each sub-measures on an interval scale.
This score was based on main five categories ranges from 1.0 to 5.0, where 1.0 refers to worst
condition, and less importance, but 5.0 refers to the best condition, and higher importance. Detection
of the score will be different from sub-measure to another according to the characteristics of each sub-
measure either it is countable or non- countable measure. For countable sub-measures, there was a
need to collect all available data about these sub-measures. Therefore, data of about 154
barrages/regulators covering whole areas in Egypt were collected as shown in Fig.4. This data was
analyzed and classified according to each sub-measure for each structure.

Scores for non-countable sub-measures were detected according to the following criteria. Score 5,
4, 3, 2, and 1 refers to excellent condition, very good condition, good condition, poor condition, and
critical condition; respectively. For countable sub-measures, statistical analysis such as less than
cumulative frequency curve was drawn for each sub-measure using collected data (154 structure),
[8].Then less than cumulative curve was divided into five areas to represent the five scores, see Fig.5.
Score 5, 4, 3, 2, and 1 represents the confined area greater than 80 %, between 60 to 80 %, between 40
to 60%, between 20 to 40 %, and less than 20% ; respectively. According to the previous concept, the
collected data for countable sub-measures were analyzed and less than cumulative curve were drawn
to detect the previous ranges for the five scores. Fig.6a through 6d illustrate the less than cumulative
curve for some countable sub-measures. Table 2 illustrates the final corresponding scores for each
sub-measure for the newly developed multi-criteria analysis for barrages/regulators evaluation.

2.5 Step 5: Assesing Weights for each Sub-Critera

The following section discuses assigning weights for each criterion reflecting its relative
importance to the decision. A questionnaire was developed containing the description of all goals,
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criteria, and sub-criteria. This questionnaire contains also the weight for each decision options
including do nothing, rehabilitation, replacement. This questionnaire was distributed along experts in
the hydraulic structures. Twenty two experts were selected to fill the questionnaire, the experts were
distributed on experts from universities, national water resource center, reservoir and grand barrages
sector, executive staff, and maintenance staff.

The results of the weights for all sub-criteria have been analyzed for the case of barrages/regulators
with lock and without lock. The weights for sub-criteria related to locks in case of barrages/regulators
without lock, should be demolished. At this case the weights for sub-criteria related to locks should be
redistributed to the remaining sub-criteria according to their relative weight. Due to the large
dispersion of the average weights between experts, the weight for each criterion presented as the
median value for the experts results. The advantage of the median that the extreme values minimum or
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Fig.4: Locations of collected 154 barrage/
regulators.

Fig.5: Standard less than cumulative frequency
curve for each sub-measure.
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maximum do not highly influence the median value. Figure 7 illustrates the median weight for
each criteria either in case of lock or without lock. Also through the questionnaire, the weights for
each alternative/option are collected from the experts. Table 3 illustrates the average weights from

experts for each decision.
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Fig.7: Median weights for all sub-criteria in case of with and without lock.

Table 3: Average experts thresholds for each decision alternative/option.

Number of sub-criteria

Decision alternative/option

Do nothing (%)

Rehabilitation (%)

Rebuild (%0)

More than 77.86

39.14 to 77.86

Less than 39.14

2.6 Step 6: Identifying the Objective Function

The overall evaluation function for each alternative/option is calculated for all sub-measures.
There are about fifty sub-measures for the evaluation of barrages/regulators with navigation lock, and
about forty seven sub-measures for the evaluation of barrage/regulators without navigation locks. The
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objective function or overall value for all sub-measures should be calculated using the following
formula:

w

w
+
+
1]

I

1 1)

Where F is the overall objective function, and W, S are the sub-measure weight, score respectively. N
is the total number of sub-measures which is fifty, and forty seven for regulators with and without
navigation locks, respectively. In words, multiply each sub measure's score for each evaluated
regulator by the importance weight of the sub measure, do that for all the sub measures. Then sum of
the products gives the overall preference value for this regulator. For excellent barrage/regulator
condition, the scores for all sub measures should equals five. So, the overall objective function for
excellent barrage/regulator condition will equal:

=5x _; =500 (2)
So, the final evaluation's percentage (final evaluation value) for each barrage/regulator will be
calculated by dividing equation (1) by equation (2) as follows:

= w0 @)

2.7 Step 7: Make Decision Recommendation

At this stage, the final decision for the evaluated barrage/regulator should be decided by
comparing the final evaluation's percentage in equation (3) by the thresholds in Table 3 to detect the
suitable decision for the evaluated barrage/regulator. Also at this point the recommendations to
improve the efficiency of the evaluated regulator/barrage cab be determined.

3. MODEL APPLICATION AND STUDY CASES

The general procedures for multi-criteria analysis method were illustrated in details through the
previous section. This section presents the application of the developed multi-criteria matrix on several
existing barrage/regulators in Egypt to evaluate the current situation. Twenty regulator/barrage have
been selected for applications in this paper, the twenty cases are selected randomly to cover all
conditions, types, and spatially covering Egypt from the north to the south. The selected
regulators/barrages arranged from upstream of the River Nile to downstream are El-Kalabia head
regulator, New Esna barrage, Tema intermediate regulator, Masraf Dairote regulator, Eastern El-Hafez
regulator, El-Lahoon intermediate regulator, El-Ayat intermediate regulator, New Esmaelia head
regulator, El-Nassery head regulator, El-Behairy head regulator, New Menofy head regulator, El-
Bagoria head regulator, Shaeb Shenwan head regulator, Gamgara intermediate regulator, El-Tesaa
intermediate regulator, Sahel Morqos head regulator, El-Rahebeen intermediate regulator (old), El-
Rahebeen sub—intermediate regulator (new), Sorod intermediate regulator, and Edfina barrage. Table 4
illustrates the main characteristics of the study cases.

Table 4:Location and main characteristics of study cases

Regulator Location (Universal Area

Regulator type Transverse Mercator) A . served

name Easting Northing(m) Description of the location (Fed.)

(m) _ _

El-Kalabia | Head | 45615801 | 279862678 | It IS located at kilometer 1678 on | 172,000
the River Nile.

NewEsna | Barrage | 455085.30 | 280021316 | |U!S located at kilometer 170.2 on | 300,000
the River Nile.

Tama Intermediate | 346724.91 | 2973107.32 | It is located at kilometer 123 | 39,750
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western Naga Hamadi channel.

the River Nile

Masraf . It is located at kilometer 59.4 0.0
Dirout [11] Intermediate | 284889.68 | 3049279.20 Ibrahemia channel.
Eastern El- Intermediate | 28393459 | 3077864.76 It is I_ocatec_i at kilometer 92.7 on | 150,000
Hafez the River Nile.
El-Lahoon [Intermediate | 302741.64 | 3232485.24 | 't 1S located at kilometer 288.33 | 50,000
on the River Nile
El-Ayat  |Intermediate | 331816.42 | 3279270.80 | [ 1S located at kilometer 632 on | 9,000
El-Giza channel
New _ Head 330717.47 | 3331769.49 It is _Iocateql at kilometer 989 on | 182,000
Esmaelia the River Nile
El-Nassery | Head | 31874252 | 334001688 | | 1° located at dlometer 965 Rile | 97,000
El-Behairy Head 318761.90 | 3340149.40 It is !ocate(_j at kilometer 965 on | 1,265,121
the River Nile
New Menofy | Head | 31904134 | 334130652 | 'L 1S located at kilometer 986 on | 190,000
the River Nile
ElBagoria | Head | 31210478 | 336263181 | [L> 10pated at kilometer 23 on the | 210,000
Shaeb It is located at kilometer 42 at the | 41,850
Shenwan Head 31004513 | 3373971.16 left bank of Bahr Shbeen.
Gamgara  [Intermediate | 330042.94 | 3375599.27 'ng'\fe'rolfl?}gd at kilometer 37 on the | 300,000
El-Tesaa  |Intermediate| 356928.30 | 3385398.66 | (1o iy ot Klometer 36 onthe | 290,000
It is located at kilometer 94.8 at | 85,147
Sahel Morqos Head 284885.07 | 3411824.05 | the right bank of El-Rayah El-
Behairy
El-Rahebeen Intermediate | 330108.62 | 3427974.75 Itis I_ocated_ at kilometer 113.8 on | 653,000
(old) the River Nile
El-Rahebeen Intermediate | 330034.00 | 3428023.00 It is I_ocated_ at kilometer 113.8 on | 653,000
(new) the River Nile
Sorod |Intermediate | 30074031 | 342844854 | 't is located at kilometer 22.8 on | 51,265
the River Nile.
Edfina barrage 263884.99 | 3466152.06 It is located at kilometer 210 on | 100,000

4. RESULTS AND DISCUSSIONS

Table 5 and Fig. 8

illustrates the final values of the objective function for the studied regulators

started from the worst condition to better condition. From this table it is clear that the regulator with
worst situation which need more care is El-Ayat intermediate regulator, and the regulator with good
condition is new Menofy head regulator which is better than new Esna barrage.
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Table 5: Results for the evaluations of study cases.

Regulator Name ® - o o )
5s Objective Decision Weak Points
82| function
52 @
El-Ayat 80 46.546 | Rehabilitation |Cracks, scour, sediment
Shaeb Shenwan 67 50.571 | Rehabilitation |Scour
El-Bagoria 127 52.328 Rehabilitation |Large actual load, cracks, scours, sediment
El-Tesaa 92 52.412 Rehabilitation | Gate, lock problems, Large actual load, scour
Sahel Morgos 77 53.909 Rehabilitation |Gate problems, cracks, scour
El-Rahebeen (old) 85 54.068 Rehabilitation |Crack, scour, sediment
Masraf Dirout 50 57.612 Rehabilitation |Scour, sediment
Gamgara 125 57.635 Rehabilitation |Large actual load, crack, stability problems
Sorod 115 57.917 Rehabilitation | Large actual load, gates problems, cracks
El-Rahebeen (new) | 42 58.007 Rehabilitation | Gates operation, cracks, scour, maintenance
Eastern El-Hafez 105 58.952 Rehabilitation | Gates problems, stability problems
El-Kalabia 68 59.728 | Rehabilitation | Cracks
Tama 53 63.220 | Rehabilitation | Scour, sediment
New Esmeelia 39 64.197 Rehabilitation | Large actual load, cracks
El-Behairy 80 65.577 | Rehabilitation | Scour, sediment
El-Lahoon 15 66.404 Rehabilitation | Cracks, mechanical parts
Edfina 67 70.512 Rehabilitation | Gates operation, scour, sediment
El Nassery 42 70.802 | Rehabilitation | Sediment
New Esna 20 82.857 | Do nothing Minor Scour problems
New Menofy 12 87.976 Do nothing Minor Sediment problems
100.0
20.0
o Do Nothing
S el el aatol eTer T Sy Ry pupel PR PR U _ -
~— T70.0
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Fig.8: Representative histogram for the results for the evaluations of study cases

The first ten sub-measures in the importance according to the results of the questionnaire are
clear in Fig. 9. As seen from Fig. 9, the first important sub-measure is the structure age which is
convenient with common thinking. The weight of structure age is within 4.6% and there are other sub-
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measures that are on the same importance level that should be taken into consideration as shown in Fig.
9 in addition to other sub-criteria. Also through using the questionnaire, the experts decided the limits
(threshold) for the three main decision alternatives.

Figure 10 illustrates the relationship between the structure age for the studied cases and their
corresponding objective function. From this figure, it is clear that some of the old hydraulic structures
still functioning with higher hydraulic efficiency compared to the newly structures. For example, the
structure age of Eastern El-Hafez regulator is 105 year and it is still functioning in an efficient way
than El-Ayat regulator with 80 years old, and El-Rahebeen (new) regulator with 42 years old. For the
same structure age like EI-Nassery, and EI-Rahebeen (new) regulators (42 years old), there is a clear
contrast between the value of the corresponding objective function. The same behavior is clear also for
Edfina barrage, and Shaeb Shenwan regulator (67 years old), and for El-Behairy, and El-Ayat
regulators (80 years old). The main control point to keep the barrage/regulator to work with high
efficiency is the attention and ongoing maintenance and not the virtual age of the structure.

5. CONCLUSIONS

The final conclusions of this thesis can be summarized as follows:

» Developing a new evaluation technique using Multi-Criteria Method for evaluating the
Overall Assessment on barrages/ regulators in Egypt.

» Developing database concerning different parameters related to existing barrages and
regulators in Egypt.

» Proving that taking decision for reconstruction or rehabilitation of any barrages/regulators
based on its life span is not the only criterion for judging the structure efficiency.

» The multi-criteria method and its evaluation matrix have been applied to twenty existing
regulators and barrages to evaluate their performance, and the results were close to reality.

» The study enables the diagnosis of weak points in the different regulators/barrages and support
the suitable decision of necessary intervention.
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Fig.10: Relationship between objective function and structure age.
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