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ABSTRACT 

Dairut group regulators "DGR" is located on El-Ibrahimiya canal at km 60.600 downstream of 
El-Ibrahemiya head barrages which is branched from the west Nile River bank at km 544.450 
downstream of Old Aswan Dam "OAD" and about 400 m upstream the existing Assiut 
barrages. This group of regulators was constructed in 1872 to play a vital role of delivering 
about 9.6 billion m3/year of irrigation water to all beneficiary area of about 1.43 millions 
feddans through El- Ibrahimia main canal. "DGR" branches at El-Ibrahimia main canal at 
Dairut into seven main canals, namely El-Ibrahimia canal, Bahr-Yusef canal, Sahelyia canal, 
El-Diroutia canal, Badraman canal, Abo Gabal canal and Irad Delgaw canal.  The Bahr-
Yousef canal is the largest canal in capacity among the seven canals. Its length extends as 
long as 312 km downstream of "DGR" and there are four regulators along the canal, namely 
El-Lahoun regulator, Mazoura regulator, Sakoula regulator and Dahab regulator. Those 
regulators have been rehabilitated by Japan’s Grant Aid since 1995.  

One important point should be raised concerning the existing "DGR" which is that Dairut 
Group of Regulators was constructed in 1872 and can be considered as the oldest active 
regulator in Egypt, and the their weirs cannot function well due to their age. For this reason 
rehabilitation of such hydraulic construction should be urgently implemented. It is expected 
that the impacts of the rehabilitation of the "DGR" should be significant considering the 
vast beneficiary area and very long canal networks. Therefore, rehabilitation of "DGR" was 
quite urgent for seeking effective use of the limited water resources and due to limited 
facilities as well as high cost operation and maintenance.  
  
Based on such an understanding, the Government of Egypt "GOE" requested informally to the 
Government of Japan "GOJ" for the Japanese Official Development Assistance by Yen-Loan. 
Accordingly, Japan International Cooperation Agency "JICA" dispatched the study team for 
the preparatory survey for the rehabilitation and improvement of Dairut Group of Regulators 
"DGR". Therefore, in order to increase agricultural production and to keep sustainability of 
agricultural industry in the Upper Egypt region the main objectives of the conducted study 
were defined as the following: 
1. To formulate the rehabilitation plan for Dairut Group of Regulators "DGR";  

2. To formulate the improving water distribution plan for the entire operation and 
maintenance of "DGR" and other regulators that are located along the main canals;  

3. To evaluate the present situation and the rehabilitation plan of the existing minor structures 
based on the result of the inventory survey carried out by the Ministry of Water Resources 
and Irrigation "MWRI"; and  

4. To carry out technology transfer to the implementation agency through the study period on 
the above mentioned subjects. 

To fulfill the above mentioned objectives, a three dimensional physical model study would be 
carried out in the Hydraulics Research Institute "HRI" which is the main concern of the present 
reports.   
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1. INTRODUCTION 

The current investigation is being carried out referring to letter No. 1379/156 dated on the 8th 
day of May 2014 from the Reservoirs and Grand Barrages Sector "RGBS" of the Ministry of 
Water Resources and Irrigation "MWRI" which requested "HRI" to prepare for a technical and 
financial proposal to carry out hydraulic physical model for testing a new alternative for Dairut 
Group Regulators "DGR". The focal objective of the proposed testing program is to adopt the 
best alignment and hydraulic design for the new barrages group components which fulfills the 
new emerged flow morphology regime through El-Ibrahimiya canal after the construction of 
the new Assuit barrages. Flow capacity and velocity distribution upstream and downstream 
each of the new group components would be physically tested and investigated.  

To achieve the above mentioned study objectives, several field and laboratory activities were 
carried out which can be summarized as follows: 

1. Topographic, bathymetric survey and field measurements were conducted to cover 
about 6.5 km which comprises the branched canals downstream Dairut Group of 
Regulators "DGR" and main El-Ibrahimia canal upstream "DGR". Field measurements 
involved every needed detail to construct and calibrate the physical model. Accordingly 
the first report was released by "HRI" in August 2015 which was mainly focused on the 
field measurements for conducting the model study. 

2. Different hydrological information for passing flow discharges and the corresponding 
water surface levels for each of the seven branched canals was collected. These data were 
summarized and analyzed for the case of existing conditions as well as for the maximum 
and minimum flow discharges. Also the detailed dimensions of the existing barrages and 
head regulators at "DGR" were collected to be simulated in the model.  

3. The second progress report entitled "Model Design and Construction" was raised on 
September 2015 in which the prototype condition, the hydrological and hydraulic 
properties of the existing and the new proposed "DGR" were comprised.  

4. Several hydrological details of the passing flow discharges and the corresponding water 
surface levels for different branched canals downstream of "DGR" as well as general 
description of the model construction and design similarity rules were also comprised 
within the second progress report.     

The current report (the third one) would be directed to cover all details of the model set-up and 
the calibration results under the following sections:  

 Model description 
 Modeled hydraulic structures 
 Discharge measuring  
 Simulated flow conditions 
 Model operation 
 Calibration results 

Description of different branched canals concerning the carried out measurements and the 
corresponding hydraulic properties as well as the attainable results would be provided and 
arrangement in this report following clock wise direction.      
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2. MODEL DESCRIPTION 

The model was constructed according to the conducted field measurements that were recently 
carried out by "HRI" survey staff on June 2015. The measurements included topographic, 
bathymetric and hydrometric measurements along the seven branched canals downstream 
"DGR" and the located reach of El-Ibrahmia canal upstream of "DGR". Also, the field survey 
included velocity measurements and collecting some bed samples.  The survey was done at the 
project site using advanced survey equipments. General layout of the contour map for the 
surveyed branches is illustrated in Figure (1) while summary of the conducted topographic 
and bathymetric field measurements are listed in Table (1).  

 

Figure (1): General Layout of the Surveyed Canals  
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Table (1): Conducted Survey and Field Measurements 

No. Branch name Symbol Survey 
Length 

(m) 

Velocity profiles Bed samples 
No. Location 

(m) 
No. Location 

(m) 
1 El-Ibrahimia U.S. "DGR"  AA 1280 1 AA1080 3 AA1080 
2 Irad Delgaw canal BB 500 1 BB215   
3 Abo Gabal canal CC 600 1 CC130   

4 Bahr-Yusef canal 
 

DD 1075 2 DD250  
 DD500 

3 DD540 

5 Badraman canal EE 580 1 EE230   
6 Diroutiah canal FF 550 1 FF230   
7 Ibrahimia canal GG 1230 2 GG250 

GG500 
2 GG690 

8 Sahelyia canal HH 590 1 HH325   
Total Survey activities 6405 10  8  

 

The model was constructed in open air area within the northern experimental hall of "HRI" of 
about 46 m length and 24 m average width to cover about 910 m2.  This area was deliberately 
selected not only to guarantee high flow discharges and other experimental requirements, but also 
to secure adequate lengths for the downstream branched canals when testing the new proposed 
"DGR". The model was constructed to simulate appropriate reaches of the 7 branched canals 
downstream "DGR" and the main El-Ibrahima canal upstream of "DGR". The model would be a 
fixed bed undistorted scale of equal horizontal and vertical construction scale of 1 to 25.  Details 
of measured lengths and cross sections for each of eight modeled canals are listed in Tables (2 
and 3) while Figure (2) and Photos (1 and 2) show general lay out and general view of the model.  
The model consists of three main components; the entrance, the modeled reach, and the outlet. 
Full description of the abovementioned model components are as follows: 

 

Table (2): Simulated Canal Lengths in the Model  

No. Canal name Prototype condition (m) Modeled 
length 

(m) 
Survey length (m)  Cross sections 

Measured Modeled Measured Modeled 
1 Bahr-Yusef canal 1075 577 34 18 23 
2 Badraman canal 580 353 12 7 14 
3 Diroutiah canal 550 351 12 7 14 
4 Ibrahimia canal 1230 563 40 18 23 
5 Sahelyia canal 590 112 15 2 4 
6 Irad Delgaw canal 500 221 19 9 9 
7 Abo Gabal canal 600 205 16 7 8 
8 Ibrahimia Main canal 1280 652 40 20 26 

Total Length (m) 6405 3032  88 121 
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Table (3): Simulated Cross Sections in the Model  

No. Canal name Symbol Measured 
Sections 

Modeled sections 

From To 
1 Ibrahimia Main canal AA 20 AA20 AA41 
2 Irad Delgaw canal BB 8 BB1 BB8 
3 Abo Gabal canal CC 7 CC1 CC7 
4 Bahr-Yusef canal DD 18 DD1 DD18 
5 Badraman canal EE 8 EE1 EE8 
6 Diroutiah canal FF 8 FF1 FF8 
7 Ibrahimia canal GG 18 GG1 GG18 
8 Sahelyia canal HH 3 HH1 HH3 

Total Length (m) 90   
  

 

Figure (2): General Layout of the Model   
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Photo (1): General Model Photo Looking Downstream 

 

Photo (2): General Model Photo Looking Upstream 

2.1. Model Entrance 

The model entrance – as illustrated in Figure (3) and Photos (3 and 4) was made of 0.18 m 
thickness bricks wall covered with 0.02 m cement mortar at both sides mixed with chemical 
isolated materials to prevent seepage. The entrance is 6.0 m width, 3.30 m long and consists of 
three successive divisions one meter long each. The upstream one is constructed of 2.0 m high 
closed walls to receive the delivered pump water from the underground reservoir to the model. 
While the following division is one meter height and mainly constructed to convey the 
delivered water from the upstream compartment straightforwardly to the simulated model reach 
through a unfilled wall. The third downstream division is opened to guide the flow discharge to 
the modelled reach through an access ramp as shown in Figure (3). The third division is 
provided with a frame of pieces of wood to distribute the entering water flow through the entire 
model cross section in such a way as to simulate the prototype condition.  
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Figure (3): Model Entrance Design 
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Photo (3): Model Entrance Construction  

 

Photo (4): Model Entrance after Construction  

2.2. Modelled Reach 

The modeled reach is the main study model element which simulates the 7 branched canals 
downstream of "DHR" and part of the main El-Ibrahimia canal upstream of "DGR". Those 
branches were shaped according to the existing configurations, levels and locations in equal 
horizontal and vertical construction scale of 1 to 25 which were constructed of about 0.07 m 
thick layer of plane concrete.  The modeled reach was formed in such a way as to imitate the 
prototype condition and according to the latest field and bathymetric measurements which were 
carried out by "HRI" survey team.  To guarantee high accuracy, the measured cross section in 
the prototype were scaled down and allocated according to their orientation, location and levels 
in the prototype. Then the separation between each successive two cross sections were filled up 
and shaped with plane mortar. The modeled regulators which simulate the existing "DGR" 
were constructed in the "HRI" workshop following the same undistorted model scale of 1 to 25.  
Level of the constructed reach was previously determined in the hydraulic laboratory in such a 
way as to provide the necessary water levels upstream each of the installed sharp crested weirs 
and the tailgates. 
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In order to monitor and follow the water surface levels along the model in El-Ibrahimia canal 
upstream "DGR" and along the seven branched canals downstream "DGR", eight point gauges 
were installed along those branches as shown in Figure (4).  Each point gauge was affixed on a 
vertical 10 inch diameter side well which was in term connected to the bed of one branch 
through 10 mm diameter plastic tube. Therefore, the point gauges can measure water surface 
levels along the whale length of the model and read accurately up to + 0.1 mm. with height 
accuracy of 0.1 mm. The point gauge locations were previously assigned to be downstream of 
the proposed location for the new "DGR" and in such a way as to avoid the back water curve 
upstream the installed end tail gate downstream each of the seven branched canals.   

 

Figure (4): Installed Point Gauges along the Model 

2.3. Model Outlets 

The principal function of the model outlets is to maintain water surface level through each 
modeled branch canales in such a way as to reproduce all the existing hydraulic and hydrology 
conditions in the prototype, then leading the passing flow discharge to the outlet sharp crested 
weir. For this reason the model exit consists of the tailgate and the approach channel. The 
tailgate is used to adjust the water surface level in the upstream which was made of 5mm 
rectangular steel plate and hinged from bottom and can be easily rotated around the lower hinge 
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to adjust the upstream water surface level through each modeled branch. This tailgate type was 
used at the exit end of the two modeled reaches of El-Ibrahimia and Bahr Yussef canals. While 
in case of the other small branched canals another vertical and simple tail gates were utilized.  

The outlet of the modeled branches for each of El-Sahelyia canal, El-Dairutia canal, Badraman 
canal, Abo Gabal canal and Irad Delgaw canal was provided and equipped with a sharp crested 
weir of 30 cm height and 20 cm width as shown in Figure (5) and Photos (5, 6, and 7). While 
two flap tailgates of about 4.0 m long were affixed at the downstream end of the modeled parts 
of Bahr Yussef canal and El-Ibrahimia canal downstream of "DGR" as shown in Photos (8 and 
9). While two sharp crested weirs of 30 cm height and 50 cm width each was used at the 
modeled outlet of El-Ibrahimia and Bahr-Yusef canals. The model feeding system consists of 
an electric centrifugal pump of 10 inch diameter and a suction pipe connected to the sump. 
Water was pumped from the underground reservoir and delivered to the model entrance 
through the delivery pipeline.   

Stilling Basin

Tailgate

Branched canal

Approach channel Sharp crested weir

To underground reservoir
0

.2
00
.5

0

Figure (5): Model End Tail Gate for Small Branches 

 

Photo (5): Sharp Crested Weirs for Irad Delgaw and Abou Gabal Canals 

G-178



Physical Model Study of Dairut Group of Regulators 
Report No. 3 
Model Design and Construction 

   2/2016 January  2016 

 

Hydraulic Research Institute   11 
 

 

Photo (6): End Tail Gate of Badraman and Daytutiah Canals  

 

Photo (7): Sharp Crested Weirs of Badraman and Daytutiah Canals  

 

Photo (8): Mounted End Tail Gate for Bahr-Yussef Canal  

G-179



Physical Model Study of Dairut Group of Regulators 
Report No. 3 
Model Design and Construction 

   2/2016 January  2016 

 

Hydraulic Research Institute   12 
 

 

Photo (9): Mounted End Tail Gate for El-Ibrahimia Canal 
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3. MODELED HYDRAULIC STRUCTURES 

The existing Dairut group of regulators "DGR" was constructed in 1872 on El-Ibrahimiya canal 
at km 60.600 downstream of El-Ibrahemiya head barrages which is branched from the west 
Nile River bank at km 544.450 downstream of Old Aswan Dam "OAD" and about 400 m 
upstream the existing Assiut barrages. Those regulators are mainly constructed to feed seven 
downstream canals, namely from west to east; Irad Delgaw canal, Abo Gabal canal, Bahr-
Yusef canal, Badraman canal, El-Dairutia canal, El-Ibrahimia canal, and El- Sahelyia canal.  
This group of regulators comprises only five main head regulators.  This because each of the 
two branches of Irad Delgaw and Abou Gabal canals and two branches of Badraman canal and 
Dairutia canals are branched downstream only one head regulator as shown in Figure (6) and 
Photo (10), and listed in Table (4). 

    
Figure (6): Main Branch Canals Downstream of "DGR" 
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Photo (10): layout of the Existing Dairut Group of Regulators 

 

Table (4): Current Formation of Dairut Group of Regulators 

Name of 
canal at DGR 

Regulator 
unit 

Dimensions of the regulator unit  
Structural Gates 

Bahr Yusef 
 
 
 
 

No. of  gates 5 vents 3m width x 5 vents 
Pier 4 units & width 1.80~2.25m Total height 7.5 m 
Mid.  Apron  L=43.25m, thickness 3m 3 leaves of gate 
Foundation  Limestone partially concrete Bottom elevation (39.50) m 
Lock width 8.5m Operational high water level (46.00) m 

Badraman 
& Dirotiah 

 

No. of  gates 2 vents (1 vent closed) 3m wide x 2 vents total height 7.5m 
Pier 2 units & width 1.80~2.25m 3 leaves of gate 
Mid.  apron  L=38.65m, Bottom elevation (39.30) m 
Foundation  limestone, t=unknown Operational high water level (46.00)m 

Ibrahimia 
 
 

No. of  gates 7 vents 3m width x 7 vents 
Pier 6 units & width 1.80~2.25m Total height 7.5 m 
Mid.  apron  L=39.70m, thickness 3m 3 leaves of gate 
Foundation  limestone partially concrete Bottom elevation (39.81) m 
Lock width 8.5m Operational high water level (46.00) m 

Sahelyia 
(right bank) 

 

No. of  gates 2 vents  3m wide x 2 vents total height 5.5 m 
Pier 1 unit & width 1.80~2.25m 1 leaves of gate 
Mid.  apron  L=18.90m, Bottom elevation (41.80) m 
Foundation  limestone, t=unknown Operational high water level (46.00) m 

Abo Gabal 
& Irad 
Delgaw 

(left bank) 

No. of  gates 3 vents  3m wide x 3 vents total height 5.5 m 
Pier 2 units & width 1.80~2.25m 1 leaves of gate 
Mid.  apron  L=28.60m, Bottom elevation (42.00) m 
Foundation  limestone, t=unknown Operational high water level (46.00) m 
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On the other hand, three more bridges are installed within the study reach which are located on 
Abo Gabal canal, El- Sahelyia canal and El-Korashia bridge at Km 60.100 on El-Ibrahimia 
canal at km 60.100 upstream of "DGR". Those mounted hydraulic structures in the model can 
be illustrated as follows: 
 

3.1. Head Regulators 

In order to assemble the modeled regulators, the conducted Japan International Cooperation 
Agency "JICA" report for the preparatory survey for the rehabilitation and improvement of 
Dairut Group of Regulators "DGR" were utilized and some more details of the engineering 
drawings were obtained from the Reservoirs and Grand Barrages Sector "RGBS". Moreover 
some particular details and pictures were recorded for each structure by "HRI" survey group to 
support and help model simulation. Those references were utilized to work out all detailed 
dimensions and features of the modeled hydraulic structures. According to "JICA" report, 
"DGR" consists of five head regulators comprise 19 continuous arch structural vents made by 
bricks. This is one of the typical models of river structures, and was the most advanced 
technology at the time when reinforced concrete was not popular yet. The width of each vent is 
three meters. The assembled piers to construct the five head regulators in the model are shown 
in Figures (from 7 to 9).   
 

  

Fig. (7): Simulated Piers for Bahr Yusef, Ibrahimia, Badrman and Dirotiah Regulators 

 

  

Figure (8): Simulated Piers for Abo Gabal and Irad Delgaw Head Regulators 
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Figure (9): Simulated Piers for El-Sahelyia Head Regulators 
 

The modeled two head regulators for the two branched canals of Badraman and El-Dairutia, 
and El- Sahelyia canal were completely erected and assembled of a special type of timber in 
"HRI" workshop. While each pier of the other three head regulators were shaped of reinforced 
concrete by using wooden form work as shown in Photos (10 and 11).  
 

 
Photo (10): Forming Modeled Piers 

 
 

Photo (11): Shaped Reinforced Concrete Piers 
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Those piers and attached lock chambers were then placed according to their levels and 
locations to assemble each of the three modeled head regulators as shown in Photos (12 and 
13). Also Photos (from 14 to 18) show each of the five mounted "DGR" head regulators.   

  
Photo (12): Mounting El-Ibrahimia Head Regulator 

 
Photo (13): Mounted Dairut Group of Regulators 

 
Photo (14): Mounted Irad Delgaw Head Regulator 
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Photo (15): Mounted Bahr Yussef Head Regulator 

   

 
Photo (16): Mounted Badraman-Dayrutia Head Regulator 

  

 
Photo (17): Mounted El-Ibrahimia Head Regulator  
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Photo (18): Mounted El-Saheliah Head Regulator  

3.2. Leaf Gates 

Each vent of the three head regulators of Bahr Yusef, Badraman, and El-Ibrahimia head 
regulators, have three gates with upper, middle and lower gates of 7.5 m high. The gutter of 
each gate is made of cast metal and divided into three rows. Flow discharge and the 
corresponding water surface level upstream each of the three regulator is controlled using the 
three leaf gates that fixed at downstream side of every vent as illustrated in Figure (10).  This 
reveals the following: 
 Case (1) which used to be applied at the ordinary and regular flow discharges. The 

discharge in this case is controlled by using upper and middle gates while the upstream 
gate is lowered on the floor as shown in Figure (10-a). 

 Case (2) which used to be applied at the passing low flow discharges. The discharge in 
this case is controlled by using upper gate while the two upstream gates (the lower and 
middle gates) are lowered to raise the upstream water surface level as in Figure (10-b). 

 Case (3) which used to be applied at the case of maintenance work to flush deposited 
sedimentation. The discharge in this case is passing without any control by lifting the 
three leaf gates above the existing water surface level as shown in Figure (10-c). 

 
 

 

 

 

 

           
 
 
       Case (1)                                 Case (2)                                 Case (3) 

 

Figure (10): Operation of the Three Leaf Gates 
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On the other side, each vent of El-Sahelyia head regulator and Abo Gabal head regulator 
consists of one life gate with 5.5 m height. The current operation gates of the existing "DGR" 
are listed in Table (5). Those gates were assembled by using a special type of wood to control 
the entering water discharge downstream each of the seven assembled head regulator.    

Table (5): Current Status of the Gates of the "DGR" 
 

 
Regulator Name No.  from  

left Bank 
Upper 
Gate 

Mid.  
Gate 

Lower 
Gate 

Remarks 

Ibrahimia Reg. No. 1 0 0 0  
No. 2 to 6 0 0    X without chain 
No.7 0 0 0  

Bhar Yusef Reg. No. 1to 5 0 0 0  
Badraman Reg. No. 1 to 2 0 0 0  
Abo Gabal Reg. No. 1to 3 0   
El-Sahelia  No. 1 to 2 0   

 

3.3. Bridges 

The mounted three bridges within the modeled reach were scaled and assembled according to 
the model scale on Abo Gabal canal, El- Sahelyia canal, and El-Ibrahimia canal upstream of 
"DGR". Although each of the two constructed bridges on Abo Gabal canal, and El- Sahelyia 
canal are simple constructions, the existing bridge on El-Ibrahimia canal upstream of "DGR" is 
rather dense. This bridge consists of seven combined piers; each comprises 20 square piles of 
0.4 m side long, while a middle circular pier comprises 28 square piles 0.4 m side long (which 
equal to 1.6 cm in the model).  In order to protect the bridge against navigation units a main 
wooden fender was constructed around the middle circular pier which is supported on 26 
circular piles 0.3 m diameter each (which equal to 1.2 cm in the model) as shown in Photos (19 
and 20). While the two sided piers were partially protected from upstream and downstream 
directions by four elements of wooden finders. Each element was supported on 3 circular piles 
0.3 m diameter each (which equal to 1.2 cm in the model) as shown in Photos (19 and 20) and 
Figure (11). 
 

 

Photo (19): El-Korashia Bridge Construction  
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Photo (20): Mounted El-Korashia Bridge 

Figure (11): Shaped Piers of El-Korashia Bridge  
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4. DISCHARGE MEASURING 

The model was constructed on a large underground reservoir to work as a feeding and drainage 
basin at the same time which can be assigned as a recalculated feeding system.  The capacity of 
the underground reservoir was completely sufficient to feed the model with more than the 
maximum required flow discharge. Two electric centrifugal pumps of 10 and 6 inch diameters 
pipe lines with capacity of 150 and 60 l/s respectively were utilized. The required flow 
discharge in the model is pumped from the underground reservoir via either of the two provided 
pumps and delivered to the upstream room of the model entrance. While the spelt flow 
discharges downstream each of the seven installed sharp crested weirs is directed back to the 
underground reservoir.      
 
Two flow discharge measuring techniques were applied during testing program in the model. 
The first one is used on the two delivery pipe lines which are pumping water from the 
underground feeding reservoir to the upstream model entrance.  While the second one is 
measuring the outlet flow rate over 7 sharp crested weirs that are affixed at the downstream end 
of each branched canal in the model.  The outlet flow was determined by using the variation in 
the flow water levels over the sharp crested weir which is consequently diverted to 
corresponding out flow rates for each branched canal in the model.  For this reason, the 
measuring flow discharges in the model can be classified into inflow and outflow as follows:  

4.1. The Inflow Measuring 

To determine the flow discharge into the model accurately, two flow-meters were employed.  
As shown in Photo (21), an Electro-Magnetic flow-meter type E.M.S. was installed on 10 inch 
pipeline diameter of the major electric feeding pump. The flow-meters can be used to measures 
the passing flow rate with + 1% accuracy.  

 

Photo (21): The Electro-Magnetic Flow-Meter  
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Also one portable Ultrasonic (Flexim) flow meter was affixed on the 6 inch pipeline diameter 
of the assisting feeding pump to be used for small discharges as shown in Photos (22 and 23). 
This flow meter uses the transit time difference principle to measure the difference in travel 
time between pulses transmitted in the direction of flow and pulses transmitted against the flow. 
The difference between the upstream and downstream transit times can be correlated to flow 
rate through the meter.  With this in mind, the following specifications were fulfilled:  

   
 The allowed flow velocity is ranged between 0.01 m/s and 25.0 m/s 

 The measuring accuracy is ranged between ±1.6 % of reading ±0.01 m/s (standard) 

 The pipe diameter range is from 10.0 mm to 12.00 m 
 

  

Photo (22): Fixed Ultrasonic Flow Meter around Feeding Pipe 

   

  

Plate (23): Ultra-Sonic Flow-meter Gauge 
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4.2. The Outflow Measuring  

The present section would be elaborated to record the variation in the passing flow discharges 
out of the model over the sharp crested weir to precisely determine the corresponding prototype 
discharges. Two steps would be involved in the present section which is recording the existing 
steady water level over the sharp crested weir then determining the corresponding flow rate due 
to the measured flow head. The Swiss Specifications that were published for approach channel 
of 100 cm width and 40 cm weir height was utilized.  To determine the passing flow over any 
sharp crested weir, the following formula was applied:  

5.1.2...
3

2
HgBQ  

Where, 

Q  = Discharge   (m3/s) 

 =Discharge coefficient =0.64 

B =Weir length (m) 

G =gravity acceleration (m2/s) 

H =Weir head (distance between the weir crest and u/s water level) (m) 

Reading over weir crest=70cm 

On the other hand, as the passing flow discharge through the small modeled branches upstream 
of "DGR" would be very diminutive with respect to that through Bahr Yussef canal and El-
Ibrahimia canal at Dairut, sharp plated weirs of 0.2 m width were utilized at the outlet of the 
small branched canals. While the outlet of the modeled branches for each of Irad Delgaw canal, 
Abo Gabal canal, Badraman canal, El-Dairutia canal, and El- Sahelyia canal was equipped with 
a sharp crested weir of 30 cm height and 20 cm width. While two sharp crested weirs of 30 cm 
height and 50 cm width each was used at the modeled outlet of Bahr-Yusef canal and El-
Ibrahimia canal.  

The published equations to determine the passing flow discharges in litters per second were 
applied for every one mm height step for sharp crested weir of 0.3 m height and for 0.20 m and 
0.50 m approach channel width respectively as listed in Tables (6 and 7) and shown in Figure 
(12).   
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Table (6): Passing Discharge for Sharp Plated Weir of 0.2m Width 

Head (H)   
(mm)  

Flow Discharge  in (L/s) for each one mm step   
0 1 2 3 4 5 6 7 8 9 

0   0.025 0.052 0.083 0.119 0.159 0.202 0.249 0.299 0.351 
10 0.407 0.465 0.525 0.588 0.653 0.721 0.790 0.862 0.936 1.012 
20 1.090 1.170 1.251 1.335 1.420 1.507 1.596 1.687 1.779 1.873 
30 1.969 2.066 2.165 2.265 2.367 2.470 2.575 2.682 2.790 2.899 
40 3.010 3.123 3.237 3.352 3.468 3.586 3.706 3.826 3.949 4.072 
50 4.197 4.323 4.450 4.579 4.709 4.840 4.973 5.106 5.242 5.378 
60 5.515 5.654 5.794 5.936 6.078 6.222 6.367 6.513 6.660 6.808 
70 6.958 7.109 7.261 7.414 7.568 7.723 7.880 8.038 8.197 8.357 
80 8.518 8.680 8.843 9.008 9.173 9.340 9.508 9.676 9.846 10.017
90 10.190 10.363 10.537 10.712 10.889 11.066 11.245 11.424 11.605 11.787
100 11.970 12.153 12.338 12.524 12.711 12.899 13.088 13.278 13.469 13.661
110 13.854 14.048 14.243 14.440 14.637 14.835 15.034 15.234 15.435 15.637
120 15.841 16.045 16.250 16.456 16.663 16.871 17.080 17.290 17.501 17.713
130 17.926 18.140 18.355 18.571 18.788 19.006 19.225 19.444 19.665 19.887
140 20.109 20.333 20.557 20.783 21.009 21.237 21.465 21.694 21.924 22.155
150 22.387 22.620 22.854 23.089 23.325 23.562 23.799 24.038 24.277 24.518
160 24.759 25.001 25.245 25.489 25.734 25.980 26.226 26.474 26.723 26.972
170 27.223 27.474 27.727 27.980 28.234 28.489 28.745 29.002 29.259 29.518
180 29.777 30.038 30.299 30.561 30.824 31.088 31.353 31.618 31.885 32.153
190 32.421 32.690 32.960 33.231 33.503 33.776 34.049 34.324 34.599 34.876
200 35.153 35.431 35.709 35.989 36.270 36.551 36.834 37.117 37.401 37.686
210 37.971 38.258 38.546 38.834 39.123 39.413 39.704 39.996 40.288 40.582
220 40.876 41.171 41.467 41.764 42.062 42.361 42.660 42.960 43.261 43.563
230 43.866 44.170 44.474 44.780 45.086 45.393 45.701 46.009 46.319 46.629
240 46.940 47.252 47.565 47.879 48.193 48.509 48.825 49.142 49.459 49.778
250 50.098 50.418 50.739 51.061 51.384 51.707 52.032 52.357 52.683 53.010
260  53.338 53.666 53.995 54.325 54.656 54.988 55.321 55.654 55.988 56.323
270 56.659 56.996 57.333 57.672 58.011 58.350 58.691 59.033 59.375 59.718
280 60.062 60.407 60.752 61.098 61.446 61.794 62.142 62.492 62.842 63.193
290  63.545 63.898 64.251 64.606 64.961 65.317 65.673 66.031 66.389 66.748
300 67.108 67.469 67.830 68.192 68.555 68.919 69.284 69.649 70.015 70.382 
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Table (7): Passing Discharge for Sharp Plated Weir of 0.5m Width 

Head (H)   
 (mm) 

Flow Discharge  in (L/s) for each one mm step  
0 1 2 3 4 5 6 7 8 9 

0 0.00 0.063 0.129 0.208 0.298 0.398 0.506 0.623 0.747 0.879 
10 1.017 1.162 1.313 1.470 1.633 1.802 1.976 2.156 2.340 2.530 
20 2.725 2.924 3.128 3.337 3.550 3.768 3.990 4.217 4.448 4.683 
30 4.922 5.165 5.412 5.663 5.917 6.176 6.439 6.705 6.975 7.249 
40  7.526 7.807 8.091 8.379 8.671 8.966 9.264 9.566 9.871 10.180 
50 10.492 10.807 11.125 11.447 11.772 12.100 12.432 12.766 13.104 13.445 
60 13.789 14.136 14.486 14.839 15.195 15.554 15.916 16.281 16.650 17.021 
70 17.395 17.772 18.152 18.534 18.920 19.309 19.700 20.094 20.491 20.891 
80 21.294 21.700 22.108 22.519 22.933 23.350 23.769 24.191 24.616 25.044 
90 25.474 25.907 26.343 26.781 27.222 27.666 28.112 28.561 29.013 29.467 
100 29.924 30.383 30.846 31.310 31.778 32.247 32.720 33.195 33.673 34.153 
110 34.635 35.121 35.609 36.099 36.592 37.087 37.585 38.085 38.588 39.094 
120 39.602 40.112 40.625 41.140 41.658 42.178 42.701 43.226 43.754 44.284 
130 44.816 45.351 45.888 46.428 46.970 47.515 48.062 48.611 49.163 49.717 
140 50.273 50.832 51.393 51.957 52.523 53.092 53.662 54.235 54.811 55.389 
150 55.969 56.551 57.136 57.723 58.313 58.904 59.498 60.095 60.694 61.295 
160  61.898 62.504 63.112 63.722 64.334 64.949 65.566 66.186 66.807 67.431 
170 68.057 68.686 69.316 69.949 70.585 71.222 71.862 72.504 73.148 73.794 
180  74.443 75.094 75.747 76.403 77.060 77.720 78.382 79.046 79.713 80.381 
190  81.052 81.725 82.401 83.078 83.758 84.440 85.124 85.810 86.498 87.189 
200 87.882 88.577 89.274 89.973 90.674 91.378 92.084 92.792 93.502 94.214 
210 94.929 95.645 96.364 97.085 97.808 98.533 99.260 99.990 100.721 101.455
220  102.191 102.929 103.669 104.411 105.155 105.902 106.650 107.401 108.154 108.908
230  109.665 110.425 111.186 111.949 112.714 113.482 114.251 115.023 115.797 116.573
240  117.351 118.131 118.913 119.697 120.483 121.271 122.062 122.854 123.649 124.445

 
Figure (12): Calibration Chart for Sharp Plated Weir 
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5. SIMULATED FLOW CONDITIONS 

The model would be operated according to four flow circumstances that representing various 
and possible flow conditions in the prototype which can be reviewed as follows:  

1. Calibration flow condition 
2. Maximum and minimum flow conditions  
3. Dominant flow condition 
 

Hydraulic and morphological characteristics of each of the above four flow cases were worked 
out in view point of the passing flow discharge and the corresponding water surface flow 
upstream and downstream of the existing "DGR" for each branched canal. Calculation of each 
flow case and the application in the model would be summarised as follows:  

5.1. Calibration Flow Condition  

This flow condition illustrates the existing hydraulic and hydrologic flow conditions upstream 
and downstream "DGR" as well as through each of the branched canals during the field survey 
work. Those measurements were especially carried out not only to scale down and build the 
model, but also to indicate the horizontal velocity distribution along some cross sections within 
the project reach which covered El-Ibrahimia canal upstream "DGR" and each branched canal 
as shown in Figure (13). The water surface slope through the seven branched canals was also 
measured during the field measurements which ranged between 4.30 cm/km for Irad Delgaw 
canal and 8.9 cm/km for El-Dairutia canal.  

 
 

Figure (13): Location of the Measured Velocity Profiles 
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Table  Monthly Discharge Records at  brah mia Dirout 

Table  Monthly Discharge Records at  brah mia Dirout 

Those measurements would be utilized to check and assure the simulation between the model 
and prototype conditions as well as to guarantee model performance and validity. According to 
the achieved field measurements by "HRI" field group, the attainable results for the measured 
flow discharges as well as the corresponding water surface levels upstream and downstream the 
existing "DGR" are listed in Table (8).  

 

Table (8): Hydrological Condition during Calibration 

No. Canal name Vel. 
No. 

Discharge Water level (m) 
(mm3/day) (m3/s) U/S D/S At C.S. 

1 Ibrahimia canal U/S "DGR" [1] 30.672 355.00 (46.02) -- (46.100) 
2 Irad Delgaw canal [9] 0.185 2.150 (44.80) (44.794) 
3 Abo Gabal canal [2] 0.530 6.134 (45.75) (45.725) 
4 Bahr-Yusef canal (1) [3] 14.738 170.578 (45.82) (45.803) 
5 Bahr-Yusef canal (2) [4] 14.915 172.627 (45.82) (45.786) 
6 Badraman canal [5] 0.528 6.111 (45.70) (45.684) 
7 Diroutiah canal [6] 0.794 9.190 (45.90) (45.879) 
8 Ibrahimia canal D/S "DGR" (1) [7] 13.591 157.303 (45.05) (45.017) 
9 Ibrahimia canal D/S "DGR" (2) [8]  13.723 158.830 (45.05) (44.998) 
10 Saheleya canal [10] 0.265 3.067 (45.80) (45.718) 

 

The equivalent model flow discharge through El-Ibrahimia main canal upstream of "DGR" as 
well as that through the seven branched canals downstream of "DGR" and the corresponding 
water surface level – within the model boundaries - were worked out and adjusted in the model 
as listed in Table (9). Those values were calculated according to the decided model scale of 1 to 
25 in the vertical and horizontal directions and according to the similarity rules.  

Table (9): Model Discharges during Calibration 

No. Canal Prototype discharge Model discharge 
 (l/s) (mm3/day) (m3/s) 

1 Ibrahimia canal U/S "DGR" 30.672 355.00 113.600 
2 Irad Delgaw canal 0.185 2.150 0.688 
3 Abo Gabal canal 0.530 6.134 1.963 
4 Bahr-Yusef canal  14.738 170.578 54.585 
5 Badraman canal 0.528 6.111 1.956 
6 Diroutiah canal 0.794 9.190 2.941 
7 Ibrahimia canal D/S "DGR"  13.723 157.303 50.337 
8 Saheleya canal 0.265 3.067 0.981 

 
Each of the flow discharges and water surface levels for each of the seven branched canals 
were adjusted according to that listed in Tables (8 and 9) applying two steps. Using the affixed 
head regulators leaf gates and the point gauges upstream each of the sharp crested weirs the 
assigned flow discharge through each branched canal was adjusted during the first step.  
Therefore, using the installed tail gate at the downstream end of each branched canal, the 
corresponding water surface level through each branch was adjusted during the second step.  
Several attempts were tried during each of the first and second steps till reach the final setting 
as listed in Table (10).   
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Table (10): Model Records at Calibration Stage   

No. Hydraulic Article    Measured water surface levels along the modeled branches 
1 Canal Number 1 2 3 4 5 6 7 8 
2 Canal Name Ibrah US I.Delgaw AboGabal BahrYusef Badraman Dirotiah Ibrah DS Sahelia 
3 Canal code AA BB CC DD EE FF GG HH 
4 Prototype Discharge QP (mm3/day) 30.52 0.23 0.54 14.67 0.52 0.78 13.44 0.34 
5 Prototype Discharge QP (m

3/s) 350.00 2.15 6.134 170.578 6.111 9.190 157.303 3.067 
6 Model discharge Qm (l/s) 113.600 0.688 1.963 54.585 1.956 2.941 50.337 0.981 
7 Weir head H (mm) --- 16.89 30.09 146.18 29.39 38.85 139.12 22.96 
8 Reference reading for weirs (cm)  --- [ 10.47] [13.30] [17.29] [5.60] [6.10] [30.61] [29.28] 
9 Weir readings  (cm)  8.781 10.291 2.672 2.661 2.215 16.698 26.984 
10 D/S/ water surface level (m)  ((46.02)) (44.80) (45.75) (45.82) (45.70) (45.90) (45.05) (45.80) 
11 Water surface slope (cm/km) --- 4.30 7.13 6.19 6.51 8.90 7.40 4.65 
12 Gauging location in model (m) ---- 3.68 3.33 14.50 9.37 10.50 10.28 2.67 
13 Gauging location in prototype (m) --- 92.00 83.25 362.50 234.25 262.50 257.00 66.75 
14 WSL drop (cm) ---- 0.396 0.594 2.244 1.525 2.336 1.901 0.310 
15 WSL at point gauge (m)   ---- (44.796) (45.744) (45.798) (45.685) (45.877) (45.031) (45.797) 
16 Reference reading for WSL (cm) [ 52.12] [ 53.39] [54.49] [54.50] [56.26] [57.28] [ 55.34] [59.35] 
17 Gauge readings (cm) 24.46 33.57 34.55 35.69 41.59 48.62 40.83 54.01 
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5.2. Max. & Min. Flow Conditions  

Those tests would be experimentally carried out following the achieved model calibration 
results. The intention of those two tests is to monitor the existing hydraulic and hydrological 
conditions and different flow parameters at various possible flow circumstances before building 
the new "DGR". Those measurements can be repeated after the construction of the proposed 
new "DGR" to allocate any variation in flow arrangements and morphology than that at the 
existing condition. However, such study should be related to the actual maximum and 
minimum capacities of El-Ibrahimia canal which used to be distributed through the branched 
canals in the downstream. This in other words means that the overall some of the maximum 
and minimum capacities of the downstream branched canals would be more and less than the 
actual prototype values in El-Ibrahimia canal upstream of "DGR" respectively.  
Therefore to deal with such case in realistic way as well as to imitate the real hydrological 
prototype conditions, the maximum and minimum flow discharges and water surface levels 
through El-Ibrahimia canal head regulator at Assuit during last ten years from 2005 to 2014 
were employed as listed in Table (11) and shown Figure (14).  

Table (11): Hydrological Data of El-Ibrahimia Head Regulator 

No. Year W.S.L. U.S. Dairut (m) Discharge at Assuit (m m3/day) 
Max. Min. Max. Min. 

1 2005 46.00 42.40 39.500 2.000 
2 2006 46.20 43.60 41.000 1.500 
3 2007 46.50 42.80 41.800 2.000 
4 2008 46.20 42.30 41.000 1.000 
5 2009 46.16 43.60 37.500 2.000 
6 2010 45.92 43.40 36.700 1.800 
7 2011 45.98 43.50 37.800 1.000 
8 2012 45.98 43.30 37.900 1.800 
9 2013 46.10 43.15 38.300 0.850 
10 2014 45.98 42.60 38.800 2.000 

 

Figure (14): Historical Hydrological Records U.S. El-Ibrabimia Head Regulator 
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The above Table and Figure was then utilized to determine the flow discharge through each of 
"DGR" head regulators and the corresponding upstream and downstream water surface level 
for each branched canal at the case of minimum and maximum flow conditions as follows: 
 

 The maximum flow discharge downstream El-Ibrahimia head regulator at Assuit during last 
ten years was worked out as 41.80 m m3/day which was recorded in 8/6/2007 

 
 The minimum flow discharge downstream El-Ibrahimia head regulator at Assuit during last 

ten years was worked out as 0.850 m m3/day which was recorded in 7/1/2013 
 
 Suppose one day lag time and two days lag time for the flow to reach upstream "DGR" at 

the case of the maximum and minimum flow discharges respectively, therefore the 
maximum and minimum flow discharges upstream Dairut are expected on 9/6/2007 and 
9/1/2013 respectively. 

 
 As the accessible records for the above mentioned dates are limited to the existing water 

surface levels downstream each branched canal and only the flow discharge through Bahr 
Yussef and El-Ibrahimia canals, the reported flow ratio distribution by "JICA" study was 
used to produce the required flow discharge through each branched canal as listed in Tables 
(12 and 13).   

 

Table (12): Hydrological Records at Maximum Discharge  

No. Canal name Discharge WSL (m) 
(mm3/day) (m3/s) U/S D/S 

1 El-Ibrahimia U/S "DGR" 36.444 421.81 46.00 - 
2 Irad Delgaw canal 0.737 8.53 45.00 
3 Abo Gabal canal 0.528 6.11 45.85 
4 Bahr-Yusef canal 17.662 204.42 45.60 
5 Badraman canal 0.711 8.23 45.85 
6 Diroutiah canal 1.000 11.574 45.85 
7 El-Ibrahimia D/S "DGR" 15.447 178.78 45.15 
8 Sahelyia canal 0.359 4.16 45.85 

 

Table (13): Hydrological Records at Minimum Discharge   

No. Canal name Discharge WSL (m) 
(mm3/day) (m3/s) U/S D/S 

1 El-Ibrahimia U/S "DGR"  1.959 22.67 43.35 - 
2 Irad Delgaw canal 0.040 0.46 *** 
3 Abo Gabal canal 0.028 0.32 *** 
4 Bahr-Yusef canal 1.600 18.52 42.55 
5 Badraman canal 0.038 0.44 *** 
6 Diroutiah canal 0.054 0.63 *** 
7 El-Ibrahimia D/S "DGR" 0.180 2.08 41.55 
8 Sahelyia canal 0.019 0.22 *** 

 
In this case the actual flow discharge though El-Ibrahimia and Bahr Yussef canals on 9/6/2007 
(at the case of maximum discharge) which are equivalent to 15.447 and 17.662 mm3/day 
represented 36.95% and 42.25% of the total entering discharge downstream the main El-
Ibrahimia head regulator at Assuit during the previous day respectively. While on 9/1/2013 (at 
the case of minimum discharge) which are equivalent to 0.180 and 1.600 mm3/day represented 
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21.18% and 188.23% of the total entering discharge downstream the main El-Ibrahimia head 
regulator at Assiut during the previous day respectively. Knowing the model scale, the two 
reached hydrological records for the maximum and minimum flow conditions were worked out 
as listed in Tables (14 and 15) respectively. In this case, the passing discharge downstream of 
"DGR" during minimum flow would be mainly distributed between Bahr-Yussef and El-
Ibrahimia canals, and the other five branches are nearly closed.   
 

Table (14): Existing Hydrological Records at Maximum Discharge 

No. Canal name Discharge WSL  
Prototype 

(m3/s) 
Model 

(l/s) 
U/S 
(m) 

D/S 
(m) 

1 El-Ibrahimia U/S "DGR" 421.81 134.98 46.00 - 
2 Irad Delgaw canal 8.53 2.73 45.00 
3 Abo Gabal canal 6.11 1.96 45.85 
4 Bahr-Yusef canal 204.42 65.41 45.60 
5 Badraman canal 8.23 2.63 45.85 
6 Diroutiah canal 11.574 3.70 45.85 
7 El-Ibrahimia D/S "DGR" 178.78 57.21 45.15 
8 Sahelyia canal 4.16 1.33 45.85 

 

Table (15): Existing Hydrological Records at Minimum Discharge 

No. Canal name Discharge WSL  
Prototype 

(m3/s) 
Model
(l/s) 

U/S(m) D/S 
(m) 

1 El-Ibrahimia U/S "DGR" 22.67 7.25 43.35 - 
2 Irad Delgaw canal 0.46 0.15 *** 
3 Abo Gabal canal 0.32 0.10 *** 
4 Bahr-Yusef canal 18.52 5.93 42.55 
5 Badraman canal 0.44 0.14 *** 
6 Diroutiah canal 0.63 0.20 *** 
7 El-Ibrahimia D/S "DGR" 2.08 0.67 41.55 
8 Sahelyia canal 0.22 0.07 *** 

 
Due to unavailable data records for the existing water surface slope through each branched 
canal during the maximum and minimum flow discharges, and as the flow through each 
branched canal just downstream of the existing "DGR" can be considered under gravity and 
following normal depth, the longitudinal water surface slope would be nearly parallel to the bed 
slope. Therefore, the magnitude of water surface slope during maximum and minimum flow 
discharges were considered as same as that measured during field investigation along each 
branched canal. Therefore, the corresponding point gauge readings for water surface levels and 
outflow discharges for each branched canal in the model were worked out for the maximum 
and minimum flow discharge cases as listed in Tables (16 and 17) respectively. 
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Table (16): Model Data for Maximum Flow Discharge  

No. Hydraulic Article    Measured water surface levels along the modeled branches 
1 Canal Number 1 2 3 4 5 6 7 8 
2 Canal Name Ibrah US I.Delgaw AboGabal BahrYusef Badraman Dirotiah Ibrah DS Sahelia 
3 Canal code AA BB CC DD EE FF GG HH 
4 Prototype Discharge QP (mm3/day) 36.444 0.737 0.528 17.662 0.711 1.000 15.447 0.359 
5 Prototype Discharge QP (m

3/s) 421.81 8.53 6.11 204.42 8.23 11.574 178.78 4.16 
6 Model discharge Qm (l/s) 134.98 2.73 1.96 65.41 2.63 3.70 57.21 1.33 
7 Weir head H (mm)   37.44 30.00 165.70 36.51 46.00 152.13 23.00 
8 Reference reading for weirs (cm)  --- [ 10.47] [13.30] [17.29] [5.60] [6.10] [30.61] [29.28] 
9 Weir readings  (cm) ---- 6.73 10.3 0.72 1.95 1.5 15.4 26.98 
10 D/S Water Surface Level (m) ((46.00)) (45.00) (45.85) (45.60) (45.85) (45.85) (45.15) (45.85) 
11 Water surface slope (cm/km) --- 4.30 7.13 6.19 6.51 8.90 7.40 4.65 
12 Gauging location in model (m) ---- 3.68 3.33 14.50 9.37 10.50 10.28 2.67 
13 Gauging location in prototype (m) --- 92.00 83.25 362.50 234.25 262.50 257.00 66.75 
14 WSL drop (cm) ---- 0.396 0.594 2.244 1.525 2.336 1.901 0.310 
15 WSL at point gauge (m)   ---- (44.996) (45.844) (45.578) (45.835) (45.827) (45.131) (45.847) 
16 Reference reading for WSL (cm) [ 52.12] [ 53.39] [54.49] [54.50] [56.26] [57.28] [ 55.34] [59.35] 
17 Gauge readings (cm) 24.46 33.57 34.55 35.69 41.59 48.62 40.83 54.01 
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Table (17): Model Data for Minimum Flow Discharge  

No. Hydraulic Article    Measured water surface levels along the modeled branches 
1 Canal Number 1 2 3 4 5 6 7 8 
2 Canal Name Ibrah US I.Delgaw AboGabal BahrYusef Badraman Dirotiah Ibrah DS Sahelia 
3 Canal code AA BB CC DD EE FF GG HH 
4 Prototype Discharge QP (mm3/day) 1.959 0.040 0.028 1.600 0.038 0.054 0.180 0.019 
5 Prototype Discharge QP (m

3/s) 22.67 0.46 0.32 18.52 0.44 0.63 2.08 0.22 
6 Model discharge Qm (l/s) 7.25 0.15 0.10 5.93 0.14 0.20 0.67 0.07 
7 Weir head H (mm)         
8 Reference reading for weirs (cm)  --- [ 10.47] [13.30] [17.29] [5.60] [6.10] [30.61] [29.28] 
9 Weir readings  (cm) ===        
10 D/S Water Surface Level (m) ((43.35)) *** *** (42.55) *** *** (41.55) *** 
11 Water surface slope (cm/km)  4.30 7.13 6.19 6.51 8.90 7.40 4.65 
12 Gauging location in model (m)  3.68 3.33 14.50 9.37 10.50 10.28 2.67 
13 Gauging location in prototype (m)  92.00 83.25 362.50 234.25 262.50 257.00 66.75 
14 WSL drop (cm)  0.396 0.594 2.244 1.525 2.336 1.901 0.310 
15 WSL at point gauge (m)    *** *** 42.528 *** *** 41.531 *** 
16 Reference reading for WSL (cm) [ 52.12] [ 53.39] [54.49] [54.50] [56.26] [57.28] [ 55.34] [59.35] 
17 Gauge readings (cm)         
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5.3. Dominant Flow Condition  

As the gap between maximum and minimum flow discharges corresponding to El-Ibrahimia 
canal at "DGR" is relatively wide, one more intermediate discharge stage was established.  This 
flow discharge stage is called the dominant flow which is usually taken place for a considerable 
period during the midterm between the high and low flow seasons through the water year. 
Therefore, the present tests would be carried out applying three flow cases entitles the 
maximum, dominant, and minimum flow discharges. In this case, each of the three flow cases 
would be respectively evaluated at "DGR" according to the corresponding condition 
downstream El-Ibrahimia head regulator at Assuit. This would be carried out by considering 
the lag time and the outflow between El-Ibrahemia head regulator at Assuit and at km 60.600 
just upstream of the existing "DGR".  

On the other hand, to determine the dominant discharge, the daily passing flow discharge 
records downstream El-Ibrahimia head regulator at Assuit during the whole year of 2014 were 
analysed and plotted as shown in Figure (15). This year was deliberately selected as a last 
complete data for the recorded flow discharge downstream El-Ibrahimia head regulator at 
Assuit. Figure (15) revealed that maximum and minimum passing flow discharges downstream 
El-Ibrahimia head regulator at Assuit during year 2014 is 38.800 mm3/day and 2.0 mm3/day 
respectively which were recorded on 29th of May and the 3rd of January respectively.  While the 
mean average value of the passing flow discharges is 25.798 mm3/day.    
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Figure (15): Daily Flow Records for El-Ibrahimia Head Regulator in Year 2014 
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The above Figure was then utilized to conclude the nearby value of dominant discharge 
downstream El-Ibrahimia head regulator at Assuit which is 25.00 mm3/day and recorded on 
22nd of July and 22nd of August 2014. Suppose one day lag time for the flow to reach upstream 
"DGR", the minimum flow discharge upstream Dairut can be expected to occur on 23/7/2014 
and 23/8/2014. The received distributions for the flow discharges and water surface levels 
upstream and downstream "DGR" during the two mentioned dates were utilized to produce the 
hydraulic essentials at dominant discharge.   
However, as the received data records were limited to the existing water surface levels 
downstream each branched canal and only the flow discharge through Bahr Yussef and El-
Ibrahimia canals, the reported flow ratio distribution by "JICA" study in Table (18) was used to 
produce the required flow discharge as listed in Tables (19 and 20).  The listed data in Table 
(18) was based on the existing commend of the served area and the quota which were reported 
in "JICA" study according to the agreement of Water Distribution Sector "WDS" in (2002) for 
the flow discharge distribution downstream of El-Ibrabimia canal.      

Table (18): Design Discharge Based on the Quota at "DGR" 

No. Canal Served 
Area 
(Fed) 

Design discharge Ratio 
(%) Min. 

 (m3/s) 
Max. 
(m3/s) 

1 Ibrahimia canal 576,700 23.63 161.62 36.84% 
2 Bahr-Yusef canal 808,000 33.11 226.50 51.63% 
3 Sahelyia canal 15,100 0.60 4.20 0.96% 
4 Diroutiah canal 41,800 1.70 11.70 2.67% 
5 Badraman canal 29,700 1.20 8.30 1.90% 
6 Abo Gabal canal 22,000 0.90 6.20 1.41% 
7 Irad Delgaw canal 30,800 1.30 8.60 1.97% 
8 Direct intake(Upstream of DGR) 41,000 1.70 11.50 2.62% 

Total 1,565,100 64.14 438.62 100% 

Table (19): Hydrological Records at Dominant Discharge (23/7/2014) 

No. Canal name Discharge WSL (m) 
(mm3/day) (m3/s) U/S D/S 

1 El-Ibrahimia U/S "DGR"   45.67  
2 Irad Delgaw canal    
3 Abo Gabal canal    
4 Bahr-Yusef canal 12.750 147.57 44.85 
5 Badraman canal    
6 Diroutiah canal    
7 El-Ibrahimia D/S "DGR" 11.000 127.31 44.40 
8 Sahelyia canal    

Table (20): Hydrological Records at Dominant Discharge (23/8/2014) 

No. Canal name Discharge WSL (m) 
(mm3/day) (m3/s) U/S D/S 

1 El-Ibrahimia U/S "DGR"   45.65  
2 Irad Delgaw canal    
3 Abo Gabal canal    
4 Bahr-Yusef canal 13.000 150.46 44.90 
5 Badraman canal    
6 Diroutiah canal    
7 El-Ibrahimia D/S "DGR" 11.250 130.21 44.95 
8 Sahelyia canal    
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The deduced values in the above two Tables (19 and 20) are uncompleted and still needed from 
Water Distribution Sector "WDS" of the Ministry of Water Resources and Irrigation "MWRI". 
The available data in Tables (19 and 20) were then merged to determine the mean values which 
would be recommended to represent the dominant discharge condition as listed in Table (21). 
Those values were then utilized to produce the corresponding elements to operate the model as 
listed in Table (22).  
 

Table (21): Concluded Records at Dominant Discharge 

No. Canal name Discharge WSL (m) 
(mm3/day) (m3/s) U/S D/S 

1 El-Ibrahimia U/S "DGR"   45.66  
2 Irad Delgaw canal    
3 Abo Gabal canal    
4 Bahr-Yusef canal 12.375 150.46 44.875 
5 Badraman canal    
6 Diroutiah canal    
7 El-Ibrahimia D/S "DGR" 11.125 130.21 44.675 
8 Sahelyia canal    

 

 Table (22): Dominant Discharge Basics fore the Model 

No. Canal name Discharge WSL  
Prototype 

(m3/s) 
Model 

(l/s) 
U/S 
(m) 

D/S 
(m) 

1 El-Ibrahimia U/S "DGR"   45.66  
2 Irad Delgaw canal    
3 Abo Gabal canal    
4 Bahr-Yusef canal 150.46 48.147 44.875 
5 Badraman canal    
6 Diroutiah canal    
7 El-Ibrahimia D/S "DGR" 130.21 41.667 44.675 
8 Sahelyia canal    

 
Considering the magnitude of water surface slope during dominant flow discharge as same as 
that measured for the case of maximum and minimum flow discharges along each branched 
canal. Therefore, the corresponding point gauge readings for water surface levels and outflow 
discharges for each branched canal in the model were worked out for the dominant flow 
discharge cases as listed in Table (23).  
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Table (23): Model Data for Dominant Flow Discharge  

No. Hydraulic Article    Measured water surface levels along the modeled branches 
1 Canal Number 1 2 3 4 5 6 7 8 
2 Canal Name Ibrah US I.Delgaw AboGabal BahrYusef Badraman Dirotiah  Ibrah DS Sahelia 
3 Canal code AA BB CC DD EE FF GG HH 
4 Prototype Discharge QP (mm3/day)         
5 Prototype Discharge QP (m

3/s)         
6 Model discharge Qm (l/s)         
7 Weir head H (mm)         
8 Reference reading for weirs (cm)  --- [ 10.47] [13.30] [17.29] [5.60] [6.10] [30.61] [29.28] 
9 Weir readings  (cm) ===        
10 D/S Water Surface Level (m)         
11 Water surface slope (cm/km)  4.30 7.13 6.19 6.51 8.90 7.40 4.65 
12 Gauging location in model (m)  3.68 3.33 14.50 9.37 10.50 10.28 2.67 
13 Gauging location in prototype (m)  92.00 83.25 362.50 234.25 262.50 257.00 66.75 
14 WSL drop (cm)  0.396 0.594 2.244 1.525 2.336 1.901 0.310 
15 WSL at point gauge (m)           
16 Reference reading for WSL (cm) [ 53.39] [ 54.48] [54.50] [56.23] [57.98] [55.34] [ 59.35] [52.12] 
17 Gauge readings (cm)         
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While Table (24) lists summary of the represented hydraulic aspects for model operation during 
various flow conditions 

 

Table (24): Represented Flow Conditions for Model Operation 

No. Flow case Prototype discharge Model discharge 
(l/s) 

U/S  level 
(m) (mm3/day) (m3/s) 

1 Calibration discharge 30.672 355.00 113.600 (46.02) 
2 Minimum flow case 1.959 22.67 7.25 (43.35) 
3 Dominant flow case *** *** *** (45.66) 
4 Maximum flow case 36.444 421.81 134.98 (46.00) 

Noting that (***) in the above Table is referring to unavailable data. 

G-207



Physical Model Study of Dairut Group of Regulators 
Report No. 3 
Model Design and Construction 

2/2016 January  2016  

 

Hydraulic Research Institute    40 
 

Table  Monthly Discharge Records at  brah mia Dirout 

6. MODEL OPERATION 

As the model was constructed according to the recently conducted field measurements and the 
received drawings of the existing hydraulic structures (head regulators and cross bridges) at 
Dairut, the following preliminary experimental measures were carried out: 

1. The reference point gauge reading - which indicates the water surface elevation just prior 
to bridge over the sharp crested weir - was determined for each of the seven installed 
sharp crested weirs at the model outlet. 

2. The corresponding water surface elevation in the model to that in the prototype was 
determined at one appropriate location for each branched canal upstream and downstream 
of (DGR).  This was carried out through the installed point gauge on the side well which 
can indicates the water surface levels precisely and read up to + 0.1 mm accuracy. The 
point gauge locations for all branches were previously assigned to be downstream of the 
proposed location for the new "DGR" and in such a way as to avoid the back water curve 
upstream the mounted end tail gate downstream each of the seven branched canals.   

The model was then adjusted to represent the prototype flow conditions during field 
measurements as listed in Table (25). In this case, using the mounted point gauge at each sharp 
crested weir and the head regulator gates, the calculated flow discharge through each branch 
was adjusted. The installed tail gate downstream the end of each branched canal was then 
utilized to adjust the corresponding water surface level through each branch. The measured 
water surface slope and the monitored downstream water surface elevation for each branch in 
the prototype was then utilized to determine the corresponding water surface level at the 
mounted point gauge for each branched canal as listed in Table (26). The applied magnitudes 
for water surface slopes in Table (26) for each branch was worked out by HRI field work team 
during field investigation.   

Table (25): Hydrological Condition during Calibration 

No. Canal name Passing discharge Water level (m) 
Prototype 

(m3/s) 
Model 
(L/s) 

U/S D/S 

1 Ibrahimia canal U/S "DGR" 355.00 113.600 (46.02) -- 
2 Irad Delgaw canal 2.150 0.688 (44.80) 
3 Abo Gabal canal 6.134 1.963 (45.75) 
4 Bahr-Yusef canal  170.578 54.585 (45.82) 
5 Badraman canal 6.111 1.956 (45.70) 
6 Diroutiah canal 9.190 2.941 (45.90) 
7 Ibrahimia canal D/S "DGR"  157.303 50.337 (45.05) 
8 Saheleya canal 3.067 0.981 (45.80) 
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Table (26): Water Surface Levels during Calibration  

No. Canal name Gauging location 
D/S head regulator 

Water 
surface 
slope 

(cm/km)  

Water 
surface 
drop 
(cm) 

WSL just 
D/S head 
regulator 

(m)  

WSL at model 
Gauging 
location 

(m) 
Model 

(m) 
Prototype 

(m) 
1 Irad Delgaw canal 3.68 92.00 4.30 0.396 (44.80) (44.796) 
2 Abo Gabal canal 3.33 83.25 7.13 0.594 (45.75) (45.744) 
3 Bahr-Yusef canal 14.50 362.5 6.19 2.244 (45.82) (45.798) 
4 Badraman canal 9.37 234.25 6.51 1.525 (45.70) (45.685) 
5 Diroutiah canal 10.50 262.50 8.90 2.336 (45.90) (45.877) 
6 El-Ibrahimia canal 10.28 257.00 7.40 1.901 (45.05) (45.031) 
7 Sahelyia canal 2.67 66.75 4.65 0.310 (45.80) (45.797) 

 

The flow velocities in the model were then measured using an Electro-Magnetic current-meter 
type E.M.S., manufactured by Delft Hydraulics, Holland as shown in Photo (24).  The device 
was connected to a mean value meter to show the average velocity within a selected time 
period. 

 

Photo (24): Used Electro-Magnetic Current-Meter type E.M.S. 
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7. CALIBRATION RESULTS 

 

Model calibration is the process for judging reliability and consistency between the constructed 
model and prototype condition. In order to ensure that, the model should fulfill the geometric, 
kinematic and dynamic similarity conditions. The geometric similarity was already applied 
during the model construction. The kinematic and dynamic similarity would be accomplished 
by measuring some flow velocity profiles in the prototype then compared it with that in the 
model. Therefore, the model calibration should include all the above mentioned conditions in 
addition the water surface slope which should be the same in the model as prototype value.   

The three dimensions "DGR" model would be calibrated with bathymetric and hydraulic 
measurements and flow conditions that carried out during "HRI" field investigations which 
were conducted on June 2015.  The model was calibrated against one cross section velocity 
profile along each of the seven branched canals downstream of the existing "DGR".  The flow 
discharge in the model and accordingly through each branched canal were worked out 
according to the flow condition during field measurements. The water surface slope through the 
seven branched canals was also measured during the field measurements which ranged between 
4.30 cm/km for Irad Delgaw canal and 8.9 cm/km for El-Dairutia canal. Applying the above 
mentioned procedure for operating the model, the calibration process was carried out through 
the following three phases:   

 Inflow discharge calibration 
 Establishing calibration condition  
 Velocity measurement calibration 

 

The applied procedure for each phase and the attainable results can be illustrated as follows:  

7.1. Inflow Discharge Calibration  

This test was firstly carried out to assure the accuracy of the affixed Electro-Magnetic flow 
meter on the 10 inch diameter delivery pipe line upstream the model entrance. This group of 
tests was carried out by comparing the indicated flow discharges by the ultrasonic flow meter at 
the model entrance with the corresponding measured flow discharge on the affixed sharp 
crested weirs at the tail end of Bahr Yussef and El-Ibrahimia canals which are listed in Table 
(7).  This test was carried out for six different discharges and the attainable results are 
Illustrated in Figures (16 and 17) and listed in Table (27).  
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Figure (16): Calibration Results of Ultrasonic Flow Meter 

 

 

Figure (17): In and Outflow Calibration Results  
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Table  Monthly Discharge Records at  brah mia Dirout 

Table (27): Entering Discharge Calibration 

Test 
No. 

Outlet discharge calculation Entering 
flow 

discharge 
 

(l/s) 

Difference 
 
 
 

(l/s)  

Percent 
 
 
 

(%) 

Bahr-Yusef canal (DD) El-Ibrahimia canal (GG) Total 
outlet 

discharge 
(l/s) 

DDQ = [ 171.6 ] mm GGQ = [ 308.5 ] mm 
Gauge  
(mm) 

H1 
(mm) 

Q1 
 (l/s) 

Gauge  
(mm) 

H2 
(mm) 

Q2 
(l/s) 

1 336.6 165.0 64.949 50.20 193.5 85.467 150.416 150.00 + 0.416 + 0.28% 
2 311.2 139.6 50.273 48.15 173.0 69.949 120.222 123.00 - 2.778 - 2.26% 
3 291.7 120.1 39.602 45.35 145.0 53.092 92.694 96.00 - 3.306 - 3.44% 
4 272.2 100.6 29.924 42.75 119.0 39.094 69.018 69.00 +0.018  +0.026% 
5 241.8 70.2 17.395 40.58 97.3 28.564 45.956 46.00 -0.044 - 0.096% 
6 227.2 55.6 12.266 39.08 82.3 22.103 34.374 34.00 + 0.374 + 1.10% 

 
This test revealed high matching between the measured inflow rate by the mounted Electro-
Magnetic flow meter at the model entrance and that over the sharp crested weir downstream 
each of the branched canals. In this case, the determined percentage difference between in and 
outflow did not exceed 3.44% as shown in Figures (16 and 17) and listed in Table (27) which 
are accepted results.    

7.2. Establishing Calibration Condition   

This test was carried out to check and assure the simulation between the model and prototype 
conditions as well as to guarantee model performance and validity by using the attainable 
results from the recently carried out field survey measurements. According to the achieved field 
measurements by "HRI" field group, the horizontal velocity distribution along ten cross 
sections were carried out which covered El-Ibrahimia canal upstream "DGR" and each 
branched canal downstream "DGR" as previously shown in Figure (12). The attainable results 
for the measured flow discharges as well as the corresponding water surface levels upstream 
and downstream the existing "DGR" are listed in Table (28).  

Table (28): Hydrological Condition during Calibration 

No. Canal name Vel. 
No. 

Discharge Water level (m) 
(mm3/day) (m3/s) U/S D/S At C.S. 

1 Ibrahimia canal U/S "DGR" [1] 30.672 355.00 (46.02) -- (46.100) 
2 Irad Delgaw canal [9] 0.185 2.150 (44.80) (44.794) 
3 Abo Gabal canal [2] 0.530 6.134 (45.75) (45.725) 
4 Bahr-Yusef canal (1) [3] 14.738 170.578 (45.82) (45.803) 
5 Bahr-Yusef canal (2) [4] 14.915 172.627 (45.82) (45.786) 
6 Badraman canal [5] 0.528 6.111 (45.70) (45.684) 
7 Diroutiah canal [6] 0.794 9.190 (45.90) (45.879) 
8 Ibrahimia canal D/S "DGR" (1) [7] 13.591 157.303 (45.05) (45.017) 
9 Ibrahimia canal D/S "DGR" (2) [8] 13.723 158.830 (45.05) (44.998) 
10 Saheleya canal [10] 0.265 3.067 (45.80) (45.718) 

 

It is clear from Table (28) that the velocity distribution was measured along two cross sections 
in each of Bahr Yussef canal and El-Ibrahimia canal downstream "DGR", while only one cross 
section was measured along the other canals. Although, the velocity distribution measurements 
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were carried out for all branches during one day only, some diminutive variations were 
obtained in the calculated flow discharges in Bahr Yussef and El-Ibrahimia canals. The 
evaluated difference in Table (28) reached to 1.2% and 0.96% for the two canals respectively 
which can be neglected.  

7.3. Velocity Measurements Calibration  

 
Mid – depth velocity was measured in the model at different point along the entire length of 
each cross section for the seven branched canals.  The measured velocity profiles in the model 
were compared with that of the prototype.  In order to improve the similarity between the 
measured mid – depth flow velocity measurements in the model with that of the prototype, 
some trails and minor adjustment in bed roughness were made in a few locations in the model. 
The compared flow velocity between model and prototype at different cross sections are listed 
in Tables (from 29 to 35) and Figures (from 19 to 25).  

Table (29): Mid-Depth Velocity Distribution on Irad Delgaw Canal 

Point 
No. 

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 0.00 0.00 00 0.00 0.00 0.00 

2 2.00 0.15 8 3.2 2.00 0.16 

3 4.00 0.12 16 2.3 4.00 0.14 

4 6.00 0.15 24 3.0 6.00 0.15 

5 8.00 0.15 32 3.2 8.00 0.16 

6 12.00 0.00 48 0.00 12.00 0.00 

 

Figure (19): Velocity Distribution at Irad Delgaw Canal  
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Table (30): Mid-Depth Velocity Distribution on Abou Gabal Canal 

Point 
No. 

  

Prototype data Model data 
Converted model 

data 
Distance 

(m) 
Velocity 

(m/s) 
Distance 

(cm) 
Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 0 0 0.00 0.00 0 0 

2 2 0.61 8 12.6 2 0.63 

3 4 0.65 16 12.0 4 0.6 

4 6 0.63 24 12.0 6 0.6 

5 8 0.368 32 9.0 8 0.45 

6 9 0 36 0.00 9 0 

 

Figure (20): Velocity Distribution at Abou Gabal Canal  

Table (31): Mid-Depth Velocity Distribution on Bahr Yussef Canal 

Point 
No. 

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 2.00 0.38 8 5.0 2.00 0.25 

2 3.75 0.43 15 10.2 3.75 0.51 

3 10.00 0.59 40 11.6 10.00 0.58 

4 16.25 0.72 65 16.0 16.25 0.80 

5 22.50 0.82 90 14.0 22.50 0.70 

6 28.75 0.89 115 15.0 28.75 0.75 

7 35.00 0.89 140 16.8 35.00 0.84 

8 41.25 0.82 165 15.6 41.25 0.78 

9 47.50 0.77 190 14.6 47.50 0.73 

10 53.75 0.67 215 12.0 53.75 0.60 

11 60.00 0.49 240 9.0 60.00 0.45 
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Figure (21): Velocity Distribution of Bahr Ussef Canal 
 

Table (32): Mid-Depth Velocity Distribution on Badraman Canal 

Point 
No. 

  

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 0.00 0.00 0.00 0.00 0.00 0.00 

2 2.00 0.36 8.0 8.2 2.00 0.41 

3 4.00 0.42 16 7.8 4.00 0.39 

4 6.00 0.39 24 8.0 6.00 0.40 

5 8.00 0.25 32 5.6 8.00 0.28 

6 10.40 0.00 42 0.00 10.50 0.00 

 

Figure (22): Velocity Distribution at Badraman Canal  
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Table (33): Mid-Depth Velocity Distribution on El-Dairutiah Canal  

Point 
No. 

  

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 0.00 0.00 0.00 0.00 0.00 0.00 

2 1.75 0.20 7 4.0 1.75 0.20 

3 2.28 0.33 9 6.2 2.28 0.31 

4 3.68 0.13 15 3.0 3.75 0.15 

5 5.42 0.44 22 8.2 5.50 0.41 

6 6.31 0.37 25 8.2 6.25 0.41 

7 7.50 0.40 30 8.0 7.50 0.40 

8 8.75 0.41 35 7.8 8.75 0.39 

9 10.00 0.39 40 7.8 10.00 0.39 

10 11.19 0.32 45 6.0 11.25 0.30 

11 12.50 0.34 50 7.0 12.50 0.35 

12 14.75 0.00 59 0.00 14.75 0.00 

 

 

Figure (23): Velocity Distribution at El-Dairutia Canal  
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Table (34): Mid-Depth Velocity Distribution on El-Ibrahimia Canal 

Point 
No. 

  

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 6.25 0.40 25 10.6 6.25 0.53 

2 12.50 0.64 50 16.4 12.50 0.82 

3 18.75 0.79 75 15.4 18.75 0.77 

4 25.00 0.89 100 16.0 25.00 0.80 

5 31.25 0.90 125 17.0 31.25 0.85 

6 37.50 0.88 150 18.2 37.50 0.91 

7 43.75 0.77 175 15.4 43.75 0.77 

8 50.00 0.58 200 12.8 50.00 0.64 

9 56.25 0.34 225 5.0 56.25 0.25 

 

 

Figure (24): Velocity Distribution of El-Ibrahimia Canal  
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Table (35): Mid-Depth Velocity Distribution on El-Sahelia Canal 

Point 
No. 

  

Prototype data Model data Converted model data 

Distance 
(m) 

Velocity 
(m/s) 

Distance 
(cm) 

Velocity 
(cm/s) 

Distance 
(m) 

Velocity 
(m/s) 

1 0.00 0.000 0.00 0.00 0.00 0.00 

2 1.50 0.283 6.0 6.2 1.50 0.31 

3 3.00 0.286 12.0 5.4 3.00 0.27 

4 4.50 0.299 18.0 6.0 4.50 0.30 

5 6.00 0.280 24.0 5.6 6.00 0.28 

6 7.50 0.246 30.0 4.6 7.50 0.23 

7 8.00 0.000 32.0 0.00 8.00 0.00 
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Figure (25): Velocity Distribution at El-Sahelia Canal 
 

The achieved calibration results that illustrated in the above Tables and Figures revealed that 
the measured mid –depth velocity profiles in the model are following the same trend as that in 
the prototype. This in other words means that there are good agreement between the model and 
prototype and the model can be accurately simulate the prototype conditions.   
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1 INTRODUCTION 

The construction of new regulators at Dirout to replace the existing one is imperative 

in the context of water resources management. This is because the existing regulator, 

which is responsible to deliver about 10 billion cubic meters of Nile water annually, is 

old and has been builtin 1872. The new regulators at Dirout will be constructed at a 

140 m distance downstream of the existing one. The design of the new regulators at 

Dirout is done by Sanyu Consultant incorporation selected by Japan International 

Cooperation Agency (JICA).  This is based on an agreement between the JICA and 

the Reservoir and Grand Barrage Sector (RGBS) of the Ministry of Water Resources 

and Irrigation, Egypt. 

 

The RGBS commissioned the Hydraulics Research Institute (HRI), Egypt to conduct 

3-D physical model to optimize the design of the new regulators. The HRI has 

completed the model, construction, and calibration. This includes the existing and the 

new regulators at Dirout. The physical model of the existing regulators was 

introduced in earlier progress reports. This report presents the physical model 

installation of the new regulators.   

 
  

G-225



Physical Model Study of Dairut Group of Regulators 
Report No. 5Installation of the New Dirout 
Regulators and Flow Velocity Measurements 

HRI-53/2016 November 2016 

 

Hydraulic Research institute  2 

2 LAYOUT OF THE NEW REGULATORS 

 

2.1 Location of the New Regulators 

The location of new regulators of Bahr Yusef and IbrahimiaCanals and New 
Badraman Regulators are at 140m downstreamof the existing ones, and the other new 
small regulators of Sahelyia and Abo GabalCanals are in front of the existing 
regulators. Figure (1) shows the location of the new regulators. 
 

 
Figure 1: Schematic Diagram of the Location of the New Regulators 
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2.2 Gates 

Overflow type double-leaf gate with hydraulic cylinder as hoisting devices will be 
installed in large regulators. On the other hand, slide gate instead of double leaf gate 
will be installed in small regulators, and hoisting devices will be electric rack and 
pinion. Figure (2) shows a schematic diagram of the selected over-flow type gate of 
the new regulators. 
 

 
Figure (2): Selected Over-flow Type Gate for New "DGR" 

2.3 Navigation Locks 

The existing Bahr Yusef and Ibrahimia navigation locks are not operated since long 
time ago. According to a discussion between MWRI and River Transportation 
Authority (RTA) it was decidedthat there is no need to provide the new regulators of 
Ibrahimia and Bahr Yusef with navigation locks. So, the new group of regulators do 
not have navigation locks. 

2.4 Elevation of the Top of Apron on Gate Section 

The elevation for top of apron under the gate is determined by the location of the new 
regulators and the existing bed elevation of the canal in order not to incur any trouble 
induced by sediments.  

The location of the new regulators is classified into two types: one for Abo Gabal and 
Sahelyia Regulators which are constructed in the upstream of DGRs at right angle 
against the flow direction (TYPE1), and another for Bahr Yusef, Badraman, and 
Ibrahimia Regulators which are constructed in the downstream of DGRs 
(TYPE2).Figure (3) shows a schematic diagram of the apron's top level for the two 
types. Table (1) shows the apron's top level for each canal at the gate section. 
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Figure 3: Schematic Drawing for Apron's Top Level on gate section 

 
where: 

GL:  The existing bed level of the canal 
El.1: Level of the apron of type 1 regulator 
El.2: Level of the apron of type 2 regulator 
 

 
Table 1: Top Level of the Apron of Each Branch Canal 

 

2.5 Gate Height 

The top level of the gate is designed as EL.46.55m (Upstream Maximum Design 
Water Level 46.30m + Free Board 0.25m). The height of the gate is designed as the 
difference in elevation between the top of the gate and the apron on the gate section, 
shown in Table (2). Figure (4) shows schematic drawing for top level of the gate and 
its height. 

 

Regulator  

Existing Canal 
Bed Level 

GL. 
(m) 

Level of the 
Apron:  

El.1)(  
(m) 

Level of  the 
apron at the 
gate section: 

(El.2) 
(m) 

Abo Gabal 43.00 44.15 44.15 

Sahelyia 44.00 44.65* 44.65 

Bahr Yusef 39.50 39.50  40.00 

Badraman 43.00 43.40 43.90 

Diroutiah 43.50 43.70 44.20 

Ibrahimia 39.50 39.50 40.00 
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Table 2: Top Level of the Apron of Each Branch Canal 

Regulator 
Gate's top level 

(El.3) 
(m) 

Apron's level 
(El.2) 
(m) 

Gate 
Height 

H 
 (m) 

Gate Type 

Bahr 
Yusef 

46.55m 40.00m 6.55m Double leaf 

Ibrahimia 46.55m 40.00m 6.65m Double leaf 

Sahelyia 46.55m 44.65m 1.90m Single leaf 

Diroutiah 46.55m 44.20m 2.35m Single leaf 

Badraman 46.55m 43.90m 2.65m Single leaf 

Abo Gabal 46.55m 44.15m 2.40m Single leaf 

 
 
 
 

 
Figure 4: Schematic drawing for top elevation of the gate and its height 

where: 
 
El.3: Top level of the gate 

2.6 Height and thickness of piers 

The height of pier is determined by the bottom level and height of fully open gate, 
height of free-board, and the thickness of the regulator top floor. Table (3) shows the 
pier's height for each regulator. The thickness of pier should satisfy the enough room 
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for the groove, transfer the load of the gate into the pier body, and secure the enough 
stability from the structural aspect. The thickness of the piers is 2.50m for large scale 
regulators and 1.00 m for small scale regulators, as given from the D/D consultant. 
The basic full design of the new regulators can be seen in the "Basic Design Report, 
2016" submitted by the consultant. A full set of the design drawings can be seen in 
Annex (1). 

Table 3: Height of pier for each regulator 
 

Regulator 

Bottom 
level of 

fully open 

gate 
(m) 

Height of 

fully open 

gate 
(m) 

Free board 

(m) 

Top 

Thickness 

of regulator 
(m) 

Top level of the 

pier  

(m) 

Bahr Yusef 47.50 3.40 1.00 0.60 52.50 

Ibrahimia 47.50 3.40 1.00 0.60 52.50 

Sahelyia 47.50 1.90 0.50 0.50 50.40 

Diroutiah 47.50 2.35 0.50 0.50 50.85 

Badraman 47.50 2.65 0.50 0.50 51.15 

Abo Gabal 47.50 2.40 0.50 0.50 50.90 

 

3 INSTLLATION OF THE NEW REGULATORS IN THE MODEL 

 
3.1. Manufacturing the New Regulators in the Workshop 
 
To install the modeled new regulators in the physical model as designed by the 
consultant, the process starts with scaling down the design with the model scale which 
is 1:25. After that the new regulators were manufactured in the workshop of the 
Hydraulics Research Institute (HRI) by skilled labors.  Top quality wood is used to 
form the different elements of the regulators then collected and fixed by using steel 
nails to form one unit as seen in the drawings. After that the wood is painted for 
protection purposes as it will be submerged in the water most of the time. Figure (5) 
shows the manufacturing of the regulator in the workshop. Figure (6) shows the 
painting of the modeled new regulator after construction. 
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Figure 5: Manufacturing of the New Regulators in the HRI workshop 

 
Figure 6: Painting of the New Regulators in the HRI workshop 

3.2. Installing the New Regulators in the Physical Model 

It starts by preparing the physical model to install the regulator according to the 
correct coordinates and elevation. Figure (7) shows the process of preparing the 
model to install the model of the new regulator. Figure (8) shows the shape of the 
model of the new regulator after placing it into the physical model. It also shows the 
curtain wall in the east bank of the canal. Figure (9) shows the location of the new 
regulator with respect to the old one as made in the physical model. The new regulator 
is located downstream of the existing regulator.  
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Figure (7): Physical Model Preparation to Place the New Regulator 

 
 

 
Figure (8): New Regulator and the Curtain Wall 

Figure (10) shows how the gates of the model are operated to adjust the flow 
discharges. The gates are connected to each other by a horizontal steel bar which in 
turn is connected with a vertical screw bar which rotates on a roller. By moving the 
screw bar counter clockwise, the gates are going up to lessen the flow discharges and 
when it rotate clockwise the gates are going down to increase the discharges. This is 
in case of overflow discharges. 
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Figure (9): New and Existing Regulator 

 
 
 

 
Figure (10): Operation of the Gates Using Vertical Screw Bar 
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4 HYDROLOGIC CONDITIONS 

The flow velocity measurements after installing the new regulators would be acquired 
in the model under three circumstances that representing various and possible flow 
conditions in the prototype which can be named as maximum, dominant, and 
minimum flow conditions. The main characteristics of each of the three mentioned 
flow conditions are summarized in Table (4). The hydraulic characteristics of each of 
the above three flow cases were worked out in view point of the passing flow 
discharge and the corresponding water surface flow upstream and downstream of the 
existing "DGR" for each branched canal. Calculation of each flow case and the 
application in the model would be summarised as follows: 
 

Table (4): Represented Flow Conditions for Model Operation 
 

 

4.1 Distribution of the Maximum Flow Discharge 

 
The maximum (design) flowconditionwas confirmed during the 6thTechnical 
Advisory Committee "TAC" meeting which was held in the Ministry of Water 
Resources and Irrigation "MWRI" on the 16thday of November 2015. The design 
hydrological data for the proposed new "DGR" were assigned as listed in Table (5). In 
this case the design high water surface level was (46.30) m. 
 
 
 
 
 
 
 
 

 
 
 

No. Flow condition 

Prototype discharge 

Model discharge 
(l/s) 

U/S 
water  
level 
(m) 

(mm3/day) (m3/s) 

1 Maximum flow case 39.312 455.00 145.60 (46.30) 

2 Dominant flow case 26.445 306.00 98.32 
(46.30) 

3 Minimum flow case 1.959 22.67 7.25 
(46.30) 
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Table MonthlyDischargeRecordsatbrahmiaDirout Table (5): Hydrological Records for Maximum Flow Distribution 
 

No. Canal name 

Discharge WSL 

Prototype 
(mm3/day) 

Prototype 
(m3/s) 

Model 
(l/s) 

U/S 
(m) 

D/S 
(m) 

1 IradDelgaw canal 0.778 9.00 2.88 

(46.30) 

45.00 

2 Abo Gabal canal 0.605 7.00 2.24 45.85 

3 Bahr-Yussef canal 19.613 227.00 72.64 45.60 

4 Badraman canal 0.778 9.00 2.88 45.85 

5 Diroutiah canal 1.037 12.00 3.84 45.85 

6 El-Ibrahimia D/S "DGR" 16.070 186.00 59.52 45.15 

7 Sahelyia canal 0.432 5.00 1.60 45.85 

8 El-Ibrahimia U/S "DGR" 39.312 455.00 145.60 - 

 

4.2 Distribution of the Dominant Flow Discharge 

The dominant discharge was calculated by the Hydraulics Research Institute, HRI 
based on a daily data record from 2009 to 2014. This discharge was confirmed by 
both the project consultant and the GBRS. Table (6) shows the dominant discharge for 
each branch. 
 

Table (6): Hydrological Records for Dominant Flow Distribution 
 

No. Canal name 

Discharge WSL 

Prototype 
(mm3/day) 

Prototype 
(m3/s) 

Model 
(l/s) 

U/S 
(m) 

D/S 
(m) 

1 IradDelgaw canal 0.559 
6.470 2.070 

(46.30) 

44.60 

2 Abo Gabal canal 0.384 
4.444 1.422 

45.60 

3 Bahr-Yussef canal 14.042 
162.523 52.007 

45.30 

4 Badraman canal 0.513 
5.938 1.900 

45.60 

5 Diroutiah canal 0.724 
8.380 2.681 

45.60 

6 
El-Ibrahimia D/S 

"DGR" 
10.021 

115.984 37.115 
44.50 

7 Sahelyia canal 0.261 
3.021 0.967 

45.65 

8 
El-Ibrahimia U/S 

"DGR" 
26.494 

306.644 98.126 
- 
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4.3 Distribution of the Minimum Flow Discharge 

Table (7) shows the minimum flow discharge passing through the new regulators. it 
should be noted that most of the flow discharge in the minimum flow period passes 
through Bahr Yusef and El-Ibrahemia Canals. 

 

Table (7): Hydrological Records for Minimum Flow Distribution 

***  no flow 

 
 
 
 
 
 
 
 
 
 
 
  

No. Canal name 

Discharge WSL 

Prototype 
(mm3/day) 

Prototype 
(m3/s) 

Model 
(l/s) 

U/S 
(m) 

D/S 
(m) 

1 IradDelgaw canal 0.040 0.46 0.15 

(46.30) 

*** 

2 Abo Gabal canal 0.028 0.32 0.10 *** 

3 Bahr-Yussef canal 1.600 18.52 5.93 42.55 

4 Badraman canal 0.038 0.44 0.14 *** 

5 Diroutiah canal 0.054 0.63 0.20 *** 

6 
El-Ibrahimia D/S 

"DGR" 
0.180 2.08 0.67 41.55 

7 Sahelyia canal 0.019 0.22 0.07 *** 

8 
El-Ibrahimia U/S 

"DGR" 
1.959 22.67 

7.25 
- 
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5 TEST PROGRAM 

The test program as submitted by the consultant of the project includes the operation 
scenarios of the gates of the new regulators (NDGRs), the location of the flow 
velocity measurements across the branch canals and the situation of the navigation 
locks of the existing regulator (DGRs). The following is the NDGRs operation during 
the flow velocity measurements. 

5.1 Operating Scenarios for the Gates of the NDGRs 

The consultant of the project confirmed the following operation rules for the gates of 
the small and large regulators as follows: 

 For the small regulators (Abo Gabal, Badraman, Sahelyia and Diroutia), in all 
cases of maximum, minimum and dominant discharges have to be controlled 
by under flow gates. 

 For the large regulator (Bahr Yusef and Ibrahemia Regulators), in cases of 
minimum and dominant discharges have to be controlled by over flow gate 
operation. 

 For the large regulators (Bahr Yusef and Ibrahemia Regulators), in case of 
maximum discharge has to be controlled by over flow and under flow gate 
operation. 
 

5.2 Flow Velocity Measurements of the Large Regulators 

The consultant confirmed the following flow velocity measurements cross sections: 
 Two cross sections at 30 and 50 m downstream of the center line of the new 

gate by necessity, and  

 One cross section at 100 downstream of the center of the new gate if possible. 

 For each cross section the flow velocity measurements include the average 
flow velocity (at the middle in the vertical direction) and the bottom flow 
velocity.  

Figure (12) shows the location of the flow velocity measurements with respect to the 
large regulators at Ibrahemia and Bahr Yusef Canals. 
 

5.3 Operating Scenarios for the Navigation Locks of the DGRs 

The consultant of the project suggested the following scenarios for the operation of 
the navigation locks of the existing regulators of Bahr Yusef and Ibrahemia after the 
completion of the construction of the NDGRs: 

 Gates of navigation lock of the existing Bahr Yusef have to be opened. 

 Gates of navigation lock of the existing Ibrahemia Regulator have to be closed.  
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Figure (12): Location of the Flow Velocity Measurements 
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6 RESULTS 

6.1 Gate Openings 

Table (8) shows the gate openings of the new regulators at the maximum, dominant 
and minimum discharges. Also, it shows the gate openings of the large regulators of 
Bahr Yusef and Ibrahimia Canals when the discharges are flowing under the gates. 
 

Table (8): Gate Openings of the Regulators at Different Discharges 
 

 

6.2 Flow Velocity Distribution 

Table (9) shows the absolute values of the maximum, minimum and average flow 
velocities in the successive cross sections 1, 2, and 3. Also, the flow velocity 
distribution for all the cases stated in the test program can be found in Annex 3. It can 
be seen from Table (9) and Annex 3 the following: 

 To track the formation of dead zones and flow circulation zones, the flow 
velocity distribution in the longitudinal direction was used in this study. 

 Negative flow velocity values as appeared in Annex 2 means that the flow 
direction reverses its direction to be from the downstream to upstream, while 
the positive flow velocity values means the flow direction is from the 
upstream to further downstream (flow direction).   

 The maximum absolute flow velocity occurs when the discharge is passing 
under the gate in the maximum flow period.  

No. Canal name 

Gate Openings (m) 

Over Flow DischargeCase  

 
Under Flow 

DischargeCase  

Maximum Dominant Minimum 
 

Maximum 

1 IradDelgaw canal 0.750 0.500 --- 0.750 

2 Abo Gabal canal 0.600 0.525 --- 0.600 

3 Bahr-Yusef canal --- --- --- 2.500 

4 Badraman canal 0.625 0.525 ---- 0.950 

5 Diroutiah canal 0.750 0.525 --- 0.750 

6 
El-Ibrahimia D/S 

"DGR" 
--- --- --- 1.775 

7 Sahelyia canal 0.450 0.300 --- 0.450 
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 The maximum absolute flow velocity is 2.8 m/s and it occurs at section (1) 
downstream Ibrahimia new regulator. 

 The maximum absolute flow velocity downstream Bahr Yusef new regulator 
is 2.52 m/s 

 The flow distribution at section (1) is influenced by the regulator. A sinusoidal 
flow distribution is recognized with the peak velocity at the center of the vent 
and low velocity is at the center of the pier. 

 Downstream Ibrahimia Regulator, it was recognized that the flow velocity 
values near the bottom of cross section (1) is larger than that in the mid depth 
velocity values in the same section in the case of maximum overflow 
conditions (see Annex 3). As an explanation to this phenomenon, in the 
maximum overflow condition the flow momentum dominates the gravity at 
this section causing a disturbance at the water surface while it increases the 
flow velocity in bottom layers leading to the above mentioned phenomena.
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Table (9): Absolute Values of the Flow Velocities at Sections downstream of the New Large Regulators for the Over 
flow and Underflow Conditions 

 

Sec. Canal 

Over Flow  Under Flow 

Maximum Discharge Dominant Discharge Minimum Discharge Maximum Discharge 
Vmax. 
(m/s) 

Vmin. 
(m/s) 

Vave. 
(m/s) 

Vmax 
(m/s) 

Vmin. 
(m/s) 

Vave. 
(m/s) 

Vmax 
(m/s) 

Vmin. 
(m/s) 

Vave. 
(m/s) 

Vmax 
(m/s) 

Vmin. 
(m/s) 

Vave. 
(m/s) 

Sec. 1 

Ibrahimia 2.60 0.50 1.55 1.80 0.28 1.05 0.28 0.01 0.14 2.80 0,60 1.70 

Bahr Yusef 1.20 0.20 0.70 0.57 0.02 0.30 0.28 0.02 0.15 2.52 0.89 1.70 

Sec. 2 

Ibrahimia 1.75 0.02 0.88 1.04 0.02 0.52 0.18 0.01 0.09 1.33 0.03 0.66 

Bahr Yusef 1.43 0.02 0.72 1.20 0.05 0.62 0.43 0.01 0.22 1.50 0.05 0.75 

Sec. 3 

Ibrahimia 1.05 0.07 0.53 0.82 0.04 0.43 0.27 0.07 0.14 0.90 0.03 0.46 

Bahr Yusef 1.12 0.02 0.56 0.96 0.16 0.56 0.266 0.07 0.16 1.08 0.06 0.57 
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6.3 Dead Zones and Flow Circulation 

 
It can be realized from Figure (13) and Figure (14) the following: 

 Formation of dead zone and flow circulation zone downstream of the new Ibrahimia 
regulator.  

 The dead zone is attached to the right bank of Ibrahemia canal and occupies almost 
one third of the entire width of the canal and extends about 57.5 m further 
downstream of the new regulator. 

 The average flow velocity in the circulation zone reads about 0.5 m/s in the maximum 
flow discharges and the flow direction is opposite to the main flow direction which is 
from the upstream of the NDGR to its downstream causing flow circulation as can be 
seen in Figure (13). 
 

 

Figure (13): Formation of Dead Zone Downstream Ibrahimia New Regulator 
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Figure (14): Formation of Flow Circulation Zone Downstream Ibrahemia New Regulator 

Figure (15) and Figure (16) show that a dead zone and a flow circulation zone took place 
attached to the left bank of Bahr Yusef Canal.  The dead zone occupies almost half the entire 
width of the Bahr Yusef Canal and it extends a distance of 87.5 m further downstream of the 
new regulator. The average flow velocity at the circulation zone reads about 0.5 m/s and the 
maximum flow velocity under the gate is 2.8 m/s. 
 

 

Figure (15): Formation of Dead Zone Downstream Bahr Yusef New Regulator 
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Figure (16): Formation of Flow Circulation Zone Downstream Bahr Yusef New Regulator 

More photos of the circulation zone in the maximum, dominant and minimum flow 
conditions can be seen in Annex 3. 

7 CONCLUSIONS 

The operation of the new regulators (NDGRs) at Dirout shows the following: 

 Formation of dead zones downstream of the new regulators at Bahr Yusef and 
Ibrahimia Canal. 

 The flow distribution amongst the gates of the new regulators is influenced by the 
upstream arrangements such as the lock situation and the arrangement of the existing 
regulator vents with respect to the new regulators vents. 

 the water level in Ibrahimia Canal upstream the existing regulator (DGRs) is 
influenced by the pool formed at water level of 46.30 m (MSL) between the existing 
and the new regulators.  

 The flow distribution shape downstream the new regulator, especially at section (1), is 
influenced by the piers of the regulator. 

 The maximum flow velocity at downstream the new regulator of Ibrahimia Canal is 
2.8 m/s, while it is 2.52 m/s for Bahr Yusef Canal.  

 It is recommended to remove the dead zones downstream the new regulators of Bahr 
Yusef and Ibrahimia Canals. This can be one by filling these zones with a filler 
material (e.g. sand, silt and clay mixture) and consider it as part of the bank of the 
canal. 
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 Cross section (1) is located in highly turbulent and hydraulically unstable vicinity. 

 It is not recommended to measure the flow velocity distribution in this vicinity 
because it gives ambiguous results.    
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ANNEX 1 
(Design Drawings of the New Dirout Regulators) 
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ANNEX 2 
(Flow Velocity Measurements) 
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ANNEX 3 

(Photos of theModeled New Dirout Regulators) 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 2 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 2 

 

 

 

39

40

41

42

43

44

45

46

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0 10 20 30 40 50 60 70 80 90 100

B
e

d
 L

e
v

e
l 

(m
)

Fl
o

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Bahr Yusef Canal

Velocity Bed Level

39

40

41

42

43

44

45

46

-0.50

0.00

0.50

1.00

0 10 20 30 40 50 60 70 80 90 100

B
e

d
 L

e
v

e
l 

(m
)

Fl
o

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Bahr Yusef Canal

Velocity Bed Level

G-258



 

 

 

 

SECTION # 2 

UNDUR_FLOW 
 

 

 

 

 

 

 

 

 

 

 

 

 

G-259



 

Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

 

Figure (2): Middle Flow Velocity Distribution at Cross Section 2 

 

39

40

41

42

43

44

45

46

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 10 20 30 40 50 60 70

B
e

d
 L

e
ve

l 
(m

)

F
lo

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal 

Velocity Bed Level

39

40

41

42

43

44

45

46

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0 10 20 30 40 50 60 70

B
e

d
 L

e
v

e
l 

(m
)

F
lo

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal

Velocity Bed Level

G-260



 

Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 2 

 

 

39

40

41

42

43

44

45

46

-0.50

0.00

0.50

1.00

1.50

2.00

0 10 20 30 40 50 60 70 80 90 100

B
e

d
 L

e
v

e
l 

(m
)

Fl
o

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Bahr Yusef Canal

Velocity Bed Level

39

40

41

42

43

44

45

46

-0.50

0.00

0.50

1.00

1.50

2.00

0 10 20 30 40 50 60 70 80 90 100

B
e

d
 L

e
v

e
l 

(m
)

F
lo

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Bahr Yusef Canal

Velocity Bed Level

G-261



 

 

 

 

 

SECTION # 3 

OVER_FLOW 

 

 

 
G-262



 

Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 3 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 3 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 3 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 3 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 2 

39

40

41

42

43

44

45

46

-0.50

0.00

0.50

1.00

1.50

0 10 20 30 40 50 60 70

B
e

d
 L

e
v

e
l 

(m
)

F
lo

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal

Velocity Bed Level

39

40

41

42

43

44

45

46

-0.50

0.00

0.50

1.00

1.50

0 20 40 60

B
e

d
 L

e
v

e
l 

(m
)

F
lo

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal

Velocity Bed Level

G-273



 

Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 2 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 3 

 

 

40

41

42

43

44

45

0.00

0.50

1.00

0 10 20 30 40 50 60 70

B
e

d
 L

e
v

e
l 

(m
)

Fl
o

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal

Velocity Bed Level

40

41

42

43

44

45

-0.50

0.00

0.50

1.00

0 10 20 30 40 50 60 70

B
e

d
 L

e
ve

l 
(m

)

Fl
o

w
 V

e
lo

ci
ty

 (
m

/s
)

Distance from Left Bank (m)

Ibrahemia Canal

Velocity Bed Level

G-276



 

Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 3 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (2): Flow Velocity Distribution at Mid Depth of Cross Section 1 

 

 

 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 1 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

 

 

Figure (2): Bottom Flow Velocity Distribution at Cross Section 2 
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Figure (3): Flow Velocity Distribution at Mid Depth of Cross Section 2 

 

 

 

 

 

 

 

Figure (4): Bottom Flow Velocity Distribution at Cross Section 2 
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Figure (1): Flow Velocity Distribution at Mid Depth of Cross Section 3 

 

 

 

 

 

Figure (2): Flow Velocity Distribution at Mid Depth of Cross Section 3 
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Flow Tracking Upstream DGRs 
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Photo 1: Flow Tracking Upstream Existing DGRs Using Floating Debris 

  

 

  

Photo 2 : Flow Tracking Upstream Existing DGRs Using Colored Dye  
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Flow Tracking Downstream NDGRs  

(Maximum Overflow Discharge) 
 

 

 

G-309



 

Photo 3: Flow Tracking Downstream New Bahr Yusef Regulator Using Floating Debris 

  

  

 

 

Photo 4: Flow Tracking Downstream New Bahr Yusef Regulator Using Colored Dye 
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Photo 5: Flow Tracking Downstream New Ibrahimia Regulator Using Floating Debris 

  

 

  

Photo 6: Flow Tracking Downstream New Ibrahemia Regulator Using Colored Dye 
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Flow Tracking Downstream NDGRs  

(Dominant Overflow Discharge) 
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Photo 7: Flow Tracking Downstream New Bahr Yusef Regulator Using Floating Debris 

  

 

  

Photo 8: Flow Tracking Downstream New Bahr Yusef Regulator Using Colored Dye 
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Photo 9: Flow Tracking Downstream New Ibrahimia Regulator Using Floating Debris 

  

  

Photo 10: Flow Tracking Downstream New Inrahimia Regulator Using Colored Dye 
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Flow Tracking Downstream NDGRs  
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Photo 11: Flow Tracking Downstream New Bahr Yusef Regulator Using Floating Debris 

  

  

Photo 12: Flow Tracking Downstream New Bahr Yusef Regulator Using Colored Dye 
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Photo 13: Flow Tracking Downstream New Ibrahimia Regulator Using Floating Debris 

 

  

Photo 14: Flow Tracking Downstream New Ibrahimia Regulator Using Colored Dye 
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Flow Tracking Downstream NDGRs  

(Maximum Underflow Discharge) 
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Photo 15: Flow Tracking Downstream New Bahr Yusef Regulator Using Floating Debris 

  

  

Photo 16 : Flow Tracking Downstream New Bahr Yusef Regulator Using Colored Dye 
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Photo 17: Flow Tracking Downstream New Ibrahimia Regulator Using Floating Debris 

  

  

Photo 18: Flow Tracking Downstream New Ibrahimia Regulator Using Colored Dye 

  

G-320



Two Dimensional Model For

Bahr Yusef New Regulator

       

                 

                 

                

             

                   

        

                            

           

          

   

                             

                            

              

                          

   

                             

                            

              

                          

G-321



                             

                   

       

                  

                 

                

             

                   

        

                            

           

          

                                   

                                     

                                                 

                                    

G-322



                                                                                      

                                                        

         

                                                                                    

                                                                                               

                                                                                        

                                                                                             

                                                                                            

                                                                                                  

                                                                                               

                                                                                    

                                                                                               

                                                                                           

                                                                                              

                                                                        

                                         

                                                                         

   

   

                                 

                                             

                                

                                      

G-323



                              

Contents
            

                                 

                                   

                  

             

                   

                  

                   

                       

                  

                   

                   

                       

                 

                       

                          

                                  

                 

                     

                           

                                         

                     

                            

                   

              

                                               

                            

                          

                

                                                   

                                          

                               

                                   

                          

                                

                     

                        

                               

                                      

                          

                         

                            

                               

                                   

                                       

                          

                         

                             

                

                  

                                      

                              

              

                  

G-324



                               

               

                                                     

                                      

                                                                                  

                                                  

                                            

                                      

                                                               

                                                            

                                        

                                                                

                                                                

                                                                

                                                                

                                                                

                                                                

                         

                                                                        

                                                               

                                                            

                                                                  

                                                                  

                                                                  

                                                                   

                                                                   

                                                                   

                                                            

                                                                         

                                                                    

                                                                

                                  

                                                                        

Figure 4.23 Stability Coefficient B’ Of Bed Protection, Flow Over Gate

Figure 4.24 Stability Coefficient B’ Of Bed Protection, Flo            

Figure 4.25 Stability Coefficient B’ Of Bed Protection, Fully Open Gate

G-325



                                

              

                                                                                                

                                                     

                            

                                                                                

                                                                 

                                                                              

                                                                

                                                                                   

                    

                             

                                        

                                                 

                                     

                                                             

                                                          

                                               

                                                

                                                         

G-326



                               

             

                                                                                                                                      

                                                                                                                                   

                                                                                                                    

                                                                                                                               

                                                                                                        

                                                                                                                           

                                                                                                                  

                                                                                                                              

                                                                                                                                   

                                                                                                                                   

                                                                                                                               

                                                                                                                  

                                                                                                                                                              

                                                                                                            

G-327



                              

                   

                      

                             
 

INTODUCTION 

   Dirout Group of Regulators (DGRs)

                                                                                          

                                                                                        

                                                                                  

                                                                               

                                                                                         

                                                                                

                                                                                   

                                                                                         

                                                                                            

                                                                                           

                                                                                  

                                                                                        

                                                                             

   Hydraulic Physical Models for NDGRs

                                                                                   

                                                                                    

                                                                               

                                                                                        

                                                                                       

                                                                                            

                                                                             

                                                                                      

                                                                                      

                                                                                                 

                                                                                              

                                                                                        

                                                                                              

               

                                                                                       

                                                                                           

                                                                                            

G-328



                              

                   

                      

                             
 

                                                     

G-329



                              

                   

                      

                             
 

   Study Objectives

                                                                     

                                                                                       

     

                                                                                      

                                                                                    

           

                                                                               

   Study Tools

                                                                                       

                                                                                       

                                                                                       

                                                                                       

                                                                                            

                                                                                          

                                                                                       

                                                                                      

                                                                                       

                                                                                     

                                                                                

            

G-330



                              

                   

                      

                             
 

THE PHYSICAL MODEL 

                                                                                         

                                                                                     

                                                                                           

                                                                                   

                                                                                         

                                                                             

                                                                                            

          

                                      

    

    

    

    

    

1 .0  m

G-331



                              

                   

                      

                             
 

                                                                                  

                   

                                                                                     

                                                                                         

                                                    

                                                                                           

                                                                                       

                                                                                  

                                              

                                                                                                

         

  

 
  

     

                  

                                 

                              

                                     
 
  

                                                                                         

                                                                                        

                

                               
   

 

                               
   

 

                          
   

 

                                                                                             

               

                                  

                                 

EL 39.50

EL 46.50

EL 40.00

EL 47.50

EL 39.50 EL 39.50

30.0 m

G-332



                              

                   

                      

                             
 

                       

 
       

                           

   
      

                           

   
        

                       

   
      

                                                   

                    

                       

                                                                                          

                                                                                         

                                                                                        

                                                                                            

                          

                                                                                              

                                                                                  

                                                                                             

                                                                                            

                                                                                          

                                                                                          

                                                                                          

                                                                            

                                                                                  

                                  

                                                                                       

                                                                                             

                                                                                       

                                                                                       

G-333



                              

                   

                      

                             
 

                                                 

                                                  

EL 39.50
EL 39.50

EL 46.50

EL 46.50

EL 39.50

G-334



                              

                   

                      

                             
 

                          

     Model Feeding

                                                                                     

               
 
                                                                             

                                                                                         

                                                                                     

                                                                                            

                         
 

                                                                   

                

                                                                                             

                                                

   Model Description

                                                                                         

                                                                         

G-335



                              

                   

                      

                             
 

                   

                                                                                              

                                                                                           

                                                                                       

                                                                                           

                                                                                            

                                                                                   

                       

                                                                                       

                                                                                        

                                                                                     

                                                                                   

                                                                                              

                                                                                           

                                                                                          

                                                                                    

                                                              

                                                 

                                                       

    –                                           

                 

                                                                                               

                                                                                              

                            

G-336



                              

                   

                      

                             
  

                                                                         

   Model Instrumentation
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     Water Levels Conditions

Headpond levels

The headpond is operated according to the “Regulator Operating Strategy” (ROS) as defined
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MODEL TEST PROGRAM 

   Test Program

                                                                                            

                                          

Table 3.1: Test Program for the Proposed Cases
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Results and Analysis 

   Case 1 "Flow over Gate"

     Flow Velocity Distribution
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Test-7 18.52 46.30 42.55 0.13
Test-8 80.00 46.30 44.01 0.60
Test-9 120.00 46.30 44.76 1.10

Test-10 162.52 46.30 45.30 1.76
Test-11 195.00 46.30 45.73 2.78
Test-12 227.00 46.30 45.82 3.02
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The Froude No. “Fr ” and the relative energy losses “EL/E1”were calculated.                  
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“G.O” which obtained during the test run for all tests with different river flow conditions. The results
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Plate 4.1 Drop of Water around Pier, Test 17
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Table 4.8 Calculated Head Losses with Fully Open Gate
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           Stability Coefficient B’ of Bed Protection, Flow over Gate

           Stability Coefficient B’ of Bed Protection, Flow under Gate

Table (4.11) Stability Coefficient for Rip Rap Protection at Cross Sections1, D and F (Case 3)
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          Stability Coefficient B’ of Bed Protection, Fully Open Gate
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CONLUSIONS AND RECOMMENDATION 

   Conclusions

                                                                                                  

                                                                                              

                                                                                                     

                                                                                                     

                              

                                                                                                     

                                                                                           

 
  
                                    

                                                                                           

                                                                                              

                                           

                                                                                   

                                                                                        

                              

                                                                                            

                    
 
    

The discharge coefficient “  ” was ranged from 0.3 to 0.74.
                   

 
           

 /s the gate was rested on the sill under gate and we didn’t
                                                                                         

             

                                                                                         

                                                                                    

                                                                                        

                   
 
   

 
  

                                   

                                                                                   
 
  

                                       
 
                    

                                                                                            

                                                                                          

                                                                                 

                           
 
    

                                                                                       
 
    

The measured vena contracta “H ” was ranged from 0.17m i                             

The Froude No. “Fr ” at vena contracta was ranged from 0.82 to 3.51.
The discharge coefficient “C ” was ranged from 0.71 to 1.02.
The relative energy losses “E    ” was ranged from 17.61% in test                        
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