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The design procedure of regulators recommends the installation of weirs to help in 
dissipating kinetic energy of water and controlling the hydraulic jump downstream. 
With the construction of new regulators, the weir downstream the old one is no 
longer needed and obstruct the water way.  These problems appeared downstream 
Rosetta, Damietta and Tesaa Barrages, for example. The objective of this paper is 
to study the behavior of weirs downstream of a hydraulic regulator with opened 
multiple sluice vertical gates.  The one-Dimensional Model SOBEK used for 
simulation of Bahr Moues from km 36.0 to km 39.5. The regulator considered for 
this analysis is Tesaa Regulator which was built in 1832 and is located across Bahr 
Moues at km 36.0. Three scenarios were tested; The first scenario suggested 
changing the dimensions of the existing weir with the existing bed levels. The 
second one considered dredging the canal to the design levels and keeping the 
dimensions of the existing weir as is. The second scenario is considered to be more 
expensive than the first one. It was, however, recommended to adopt the second 
scenario as it preserves the old regulator which is considered an Islamic 
archeological structure. 
                                                                                                                                                   © 2017 EIJEST. All rights reserved.
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1- Introduction 
 
Weirs are structures constructed across rivers or 
canals in order to raise the water levels at the 
upstream and prevent backward water flow for 
efficient water intake and waterway use. In order to 
protect hydraulic structures and rivers from the 
generated energy, the United States Department of 
the Interior Bureau of Reclamation (USBR) 
established the Engineering Monograph No. 25 in 
1964 for the energy dissipaters of hydraulic 
structures; the hydraulic jump phenomenon was 
divided into four forms depending upon Froude 
numbers. Ten different types of stilling basins and 

energy dissipaters appropriate for each flow 
discharge type Peterka [1].  
Concerning broad-crested weirs and flows discharges 
with Froude numbers between 2.5 and 4.5, which 
accompany huge hydraulic changes, Bhowmik [2] 
combined energy dissipaters (baffle blocks and end 
stills). He presented eleven types of energy 
dissipaters and examined each of their energy 
dissipation performances [2].  
To control the hydraulic jump and enhance its 
efficiency, sills such as sharp-crested weirs, broad-
crested weirs or end sills at the bottoms of waterways 
are frequently used. The force acting on such a sill in 
the hydraulic jump rapidly decreases to the minimum 
as the end point of roller at downstream of the 
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hydraulic jump moves upward at a point where it 
almost overflows a sill. This impact of sills can make 
the length of the scour risk zone shorter than a 
normal hydraulic jump phenomenon. Then, as the 
hydraulic jump becomes shorter and moves further 
upstream, the force acting on a sill is gradually 
increases to reach a certain level, Youngkyu, et al.  
[3]. Since such a rapidly varying flow is 
characterized as having an uneven velocity 
distribution, the changes in force upon a sill seem to 
be happened because of the changes in velocity 
distribution occurring between the starting points of 
the hydraulic jump to its end point. Consequently, in 
a cross-section with unequal velocities, the 
momentum surges greatly. Theoretically, the 
hydraulic jump controlled by sills can be interpreted 
using the momentum theory. However, in the absence 
of a precise theory of velocity distribution, an 
accurate quantification can hardly be judged by just 
relying on theoretical interpretation. 
Previous investigations on submerged hydraulic 
jumps and stilling basins are numerous, [Abdel Alal  
[4], El Azizi) [5],  Govida  [6], Hager [7],  Negm  
[8]].  
Ali and Mohamed [9] studied the effect of stilling 
basin shape on submerged jump characteristics. 
Alireza et al. [10,11] studied the performance of 
baffle blocks and mean flow in case of submerged 
hydraulic jump. Chen et al. [12] studied the 
characteristics of the velocity distribution in a 
hydraulic jump stilling basin with five parallel offset 
jets in a twin-Layer configuration. Tiwari [13] and 
Tiwari and Seema [14] investigated a design of 
stilling basin with end sill. Mohamed, et al. [15], 
presented experimental studies aiming to clarify the 
effect of different sill configurations and 
arrangements over the stilling basin of Naga 
Hammadi Barrage, on the flow characteristics such 
as, length of jump, energy dissipation, length of 
reverse flow behind the sill and local scour depth.  

 
2- History of Barrages in Egypt  
 
From the practical point of view, it is usual to install 
more than one gate in parallel in wide channels. 
Although, it is a very common circumstance in the 
irrigation networks, there are very few studies to 
investigate the flow through parallel gates.  The 
Ministry of Water Resources and Irrigation (MWRI) 
in Egypt, constructed many barrages along the Nile 
River, such as Esna, Naga Hammadi, Assuit, Delta, 
Zefta and Idfena. Some of these Barrages were 
replaced by other ones to overcome the problem of 
exceeding the head difference between the upstream 
and downstream water levels upon gates. The new 

barrages along the Nile River generate electricity 
from the head differences.  
The following Table 1 describes the existing 
structures, Abdelazim M. Ali [16]. 
 
Table 1 Existing Barrages (with downstream weirs) along the Nile 

River in Egypt 

Name 
Year of 

Constructio
n 

Location 
 (km) 

From High 
Aswan Dam 

No. of 
Openin

gs 
 

Water 
head 
(m) 

Old Esna 1908 167.85 120 4 

Old Naga 
Hammadi 

1930 359.45 100 4.3 

Old Assiut 1902 544.75 111 4.3 

Delta 
(Damietta) 

1939 953.2 34 3.8 

Delta 
(Rosetta) 

1939 953.2 46 3.8 

Zefta 1903 1046.7 50 4 
Edfina 1951 1159.0 46 2.7 

 
3- Identification of the Problem 

 
The design procedure recommends using weirs in the 
downstream of regulators and barrages. The main 
purposes of using weirs are: -  
 During operation, dissipating the kinetic energy 

of water before discharging it to the main 
channel. 

 During closing of the regulator, the weirs form a 
stagnant pressure in the downstream which 
balance the water head upstream. 

With the construction of new regulators, the weir 
downstream the old one become redundant and 
obstruct the waterway. Rosetta and Damietta 
Barrages used weirs in their downstream section. 
Rosetta and Damietta Barrages were built in 1939. 
Also, Rosetta and Damietta Barrages are considered 
as Archaeological Structures (Figure 1).   

 

Fig. 1 The weir downstream of Damietta Barrage 
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The objective of this paper is to study the behavior of 
weirs downstream of a hydraulic regulator with 
opened multiple sluice vertical gates.  The one-
Dimensional Model SOBEK used for simulation of 
Bahr Moues from km 36.0 to km 39.5. 
 
4-    The Study Area  
 
Bahr Moues intake start at Rayah Tawfiki and   is 
considered the main source of fresh water for 
Zagazig City covering agriculture, industry, and 
potable water.  In 1832, from the age of Mohamed 
Ali, a cross regulator was built across Bahr Moues at 
km 36.00 of Bahr Moues. The regulator called Tesaa 
Regulator and it was the main reason for establishing 
Zigzag City. It lies in the center of Zagazig City and 
gradually become a very crowded and polluted area. 
For this reason, the Irrigation Sector of Ministry of 
Water Resources and Irrigation-Egypt, planned to 
replace the old regulator at km 36.00 by a new one at 
km 39.5 of Bahr Moues, Hydraulics Research 
Institute, HRI [17]. The old regulator was kept as an 
Islamic Archeological Structure. Downstream of the 
old regulator, there is an old weir. Figure 2 and 3 
show the Tesaa Regulator view from the upstream 
and downstream. Figure 4 shows a satellite image of 
the layout of Tesaa Regulator. 
Upstream of the regulator, there are two branches, 
Mosalamia canal and Bahr Mashtol. Because of its 
age and the crowded area, it is required to replace and 
moves the two intakes to the downstream of the old 
Tesaa Regulator at km 36.0 and feeding Mosalamia 
canal and Bahr Mashtol from another two intakes. 
Figure 5 shows the general layout of the study area. 
This replacement has positive impact form point of 
view of social and environmental assessment area. 
 
5- Data Collected 
  
Figure 6 shows the design discharge required for the 
study area. Table 2 shows the designed water levels 
and bed levels. 
 

Table 2 Designed water levels 
Structure Water Level 

(m) 
Bed Level 

(m) 
U.s Tesaa Regulator (8.70) (5.70) 
D.s Tesaa Regulator (8.50) (5.70) 
U.s Weir (8.50) (5.70) 
D.s Weir (7.57) (4.80) 
U.s New Regulator (7.25) (4.50) 

 
 These data were collected from Irrigation sector HRI 
[17]. Comparison was carried out between the design 
bed and water levels and the existing situation. The 
crest level of the weir is (7.66) m and width 18 m. 

Tesaa Regulator consists of seven vents of width 2.5 
m each. A field survey mission measured the cross 
sections of Bahr Moues from km 36.0 to km 39.5, 
flow discharges, and water levels using DGPS 
(Differential Global Positioning System), current 
meters, and electronic levels. 

 
Fig. 2 Upstream view of Tesaa Regulator 

 
Fig. 3 Downstream view of Tesaa Regulator 

 
Fig. 4 A satellite image of the layout of Tesaa Regulator 

 
 
6-  Data Analysis 
 
From the measured and design data, a comparison 
between longitudinal design and measured bed levels 
and a comparison between longitudinal design and 
measured water levels are shown in Figure 7. It 
shows that the existing bed needs to be dredged one 
meter to reach the design bed level. Figures 8 and 9 
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show the comparison of cross sections at km 37 and 
km 38 respectively. 

 

 

 

 

 

 

 

Bahr Mashtol  Tesaa Regulator km 36.0 

Weir 

Hamam Intake km 38.0 

Abo Dahab Intake km 39.0

New Regulator km 39.5 

Bahnbay Canal 

Bahr Moies 

Mosalamia Canal 

 
Fig. 5 General layout of the study area 
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Fig. 6 General layout of the study area flow discharges 
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Fig. 7 A comparison between designed bed and water 

levels to measured bed and water levels 
 

 

Fig. 8 A comparison between designed and measured cross 
section at km 37.0 

 

Fig. 9 A comparison between designed and measured cross 
section at km 38.0 

7- Background of Weirs Analysis and 
computations 

 
Three types of flow can occur in the case of weir 
flow. These are free (modular) flow, submerged flow 
and no flow when water levels are below crest level. 
If high tail water conditions do affect the flow, the 
weir is said to be submerged (figure 10). SOBEK, 
User Manual [18]. 
 

 
Fig. 10 A sketch of weir flow analysis 

 
Free Flow Weir 
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)2( sZhCwWsAf 
                            (5) 

)2()21(2 ZshhhgCeCwWsusAfQ   (6) 
where:  
Q : Flow discharge across weir [m3/s] 
Af : Wetted area [m2] 
Ce : Discharge coefficient [_] 
Cw : Lateral contraction coefficient [_] 
Ws : Crest width [m] 
g : Acceleration due to gravity [m/s2] (= 9:81) 
h1 : Upstream water level [m] 
h2 : Downstream water level [m] 
zs : Crest level [m] 
us : Flow velocity over crest [m/s] 
The weir different formulae are applied when the 
following conditions occur: 
Free Flow Weir 

)2(
2

3
1 ZshZsh  

 (7) 

Submerged Flow Weir 

)2(
2

3
1 ZshZsh 

 (8) 

It is clear that bed friction force with the water level 
gradient force caused by earth gravity have the 
greatest effect on the water movements.  This means 
that the model should be calibrated according to 
water level as the follow. 

8-   Model Setup and Calibration  

A numerical model SOBEK1-D was applied to 
simulate Bahr Moues. SOBEK is a powerful 1D and 
2D tool developed by WL Delft Hydraulics, The 
Netherlands for flood forecasting, drainage systems, 
irrigation systems, sewer overflow, and water quality 
SOBEK,	 User	 Manual [18]. Bahr Moues was 
modeled for the reach between km 36 and km 39.5 
using the data collected for cross sections, flow 
discharges, water levels. The measured -existing- 
cross sections were used to simulate the canal, all 
existing structures and off takes. A model was built 
to simulate the existing situation and predict the 
water levels after replacing the old regulator by a new 
one.   

The numerical model was calibrated and a good 
agreement between measured and calculated 
(predicted) water levels was obtained (figure 11). The 
difference between measured and calculated water 
levels is within 2.5 cm. 
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Fig. 11 Model calibration 

 
9-   Model Scenarios 
 
Scenario No (1) 
The first scenario considered the case of maximum 
design flow discharge with existing bed level without 
dredging.  Weir crest level and width were set at 
(7.65) m and 20 m respectively.  Gates for both old 
and new regulators were considered to be fully 
opened to pass the maximum discharge. 
Table 3 shows a comparison between design and 
predicted water levels for scenario (1).  It was found 
that to comply with the site needs a predicted water 
level of (9.05) m upstream of Tesaa Regulator is 
needed and the designed water level is (8.80) m 
which means that this scenario cannot be achieved in 
reality.this mean that the water levels along Bahr 
Moues from km 0.0 need to be changed . 
 
Table 3 A comparison between design and predicted water levels 

for scenario (1) 
Structure Design 

water level 
(m) 

Predicted water 
level (m) 

U.s Tesaa 
Regulator 

(8.80) (9.05) 

D.s Tesaa 
Regulator 

(8.70) (9.00) 

U.s Weir (8.70) (9.00) 
D.s Weir (8.50) (8.65) 

U.s New Regulator (8.25) (8.25) 

 
Scenario No (2) 
The second scenario considered the case of maximum 
design flow discharge with existing bed level without 
dredging.  Weir crest level and width were set at 
(7.00) m and 25 m respectively.  Gates for both old 
and new regulators were considered to be fully 
opened to pass the maximum discharge. Removing 
65 cm from the crest level could be done manualy in 
the winter closure. 
Table 4 shows a comparison between design and 
predicted water levels for scenario 2. It was found 
that the required water level of (8.80) m upstream of 
Tesaa Regulator is as the design water level of (8.80) 
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m which means that this scenario could be achieved 
in reality. 

 
Table 4 A comparison between design and predicted water levels 

for scenario (2) 
Structure Design water 

level (m) 
Predicted 

water level 
(m) 

U.s Tesaa Regulator (8.80) (8.80) 
D.s Tesaa Regulator (8.70) (8.70) 

U.s Weir (8.70) (8.70) 
D.s Weir (8.50) (8.50) 

U.s New Regulator (8.25) (8.25) 

 
Scenario No (3) 
The third scenario considered the case of maximum 
design flow discharge with dredging the existing bed 
level to the design level.  Weir crest level and width 
were set at (7.65) m and 20 m respectively (the weir 
was left as it).  Gates for both old and new regulators 
were considered to be fully opened to pass the 
maximum discharge. 
Table 5 shows a comparison between design and 
predicted water levels for scenario 3. It was found 
that the required water level of (8.80) m upstream of 
Tesaa Regulator is as the design water level of (8.80) 
m which means that this scenario could be achieved 
in reality.  
 
Table 5 A comparison between design and predicted water levels 

for scenario (3) 
Structure Design water level 

(m) 
Predicted 

water level 
(m) 

U.s Tesaa Regulator (8.80) (8.80) 
D.s Tesaa Regulator (8.70) (8.70) 
U.s Weir (8.70) (8.70) 
D.s Weir (8.50) (8.50) 
U.s New Regulator (8.25) (8.25) 

 
10-  Summary of Scenarios Results and Comments 

 
Three scenarios were tested using a 1D SOBEK 
numerical model. The governing factor was the 
required water level of (8.80) m upstream of Tesaa 
Regulator as it is the design water level. The first 
scenario of existing bed levels and weir dimensions 
was not practical as the predicted water level was 
(9.05) m upstream of Tesaa Regulator which is 
higher than the design level.  The other two scenarios 
managed to pass water through Bahr Moues without 
exceeding the design parameters. The first one is 
changing the dimensions of the existing weir to be of 
crest level (7.00) m and width 25 m. removing 65 cm 
from the crest level could be done manualy in the 
winter closure.The second scenario is dredging the 
bed levels to the design levels which is quiet 
expensive. This needs dredging equipment to work 

from km 36.00 to km 39.50 and transporting the 
disposal material to other places.  
The author suggests the second scenario of dredging 
and keeping the dimensions of the existing weir for 
the sake of conservation of Islamic Archeological 
Structure.  
 
11-   Conclusions and Recommendations  
 
Tesaa Regulator is located across Bahr Moues at km 
36.0 which was built in 1832. Replacing the old 
Tesaa regulator by a new one downstream of it 
necessitates solving the problem of the weir 
obstruction.  
Bahr Moues was modelled from km 36 to km 39.5 
using the data collected of cross sections, flow 
discharges, water levels. The measured (existing) 
cross sections were used to simulate the canal, all 
existing structures and off takes. A numerical model 
was used to simulate the existing situation and 
predict the water levels after replacing the old 
regulator by a new one. A numerical model was 
calibrated and a good agreement between measured 
and calculated (predicted) water levels was obtained.  
Two successful scenarios for passing water through 
Bahr Moues were identified, the first one is changing 
the dimensions of the existing weirs with the existing 
bed levels and the second is dredging the canal bed to 
the design levels and keeping the dimensions of the 
existing weir. The second scenario is considered to be 
more expensive than the first one. The author 
considers the location of old Tesaa regulator at the 
middle of Zagazig City environmentally concern so 
the author suggests the second scenario for the sake 
of conservation of Islamic Archeological Structure.  
It is recommended to clarify this impact in the future 
design structure of the stilling basin of the regulators.  
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Notations  
Q: Flow discharge across weir [m3/s] 
Af: Wetted area [m2] 
Ce: Discharge coefficient [_] 
Cw: Lateral contraction coefficient [_] 
Ws: Crest width [m] 
g: Acceleration due to gravity [m/s2] (= 9.81) 
h1: Upstream water level [m] 
h2: Downstream water level [m] 
zs: Crest level [m] 
us: Flow velocity over crest [m/s] 
 
Abbreviations 
USBR : United States Department of the Interior 
Bureau of Reclamation 
HRI : Hydraulics Research Institute 
MWRI: Ministry of Water Resources and Irrigation 
msl : Mean Sea Level 
DGPS: Differential Global Positioning System 
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