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3. Integrated Evaluation of Hydraulic Model Test 

3-1 Purpose of integrated evaluation of nydraulic model test 

Tne objective of tne integrated evaluation was to provide tne information and advice on tne 

nydraulic model experiments tnat were entrusted by MWRI to tne HRI in order to establisn tne 

consistency witn tne numerical simulation implemented in tnis project. At first, tne nydraulic model 

test was limited to tne 3D nydraulic model test tnat covered tne surrounding area of tne DGRs, but tne 

2D nydraulic model test of one of tne new Banr Yusef regulator, mainly for tne bed protection work 

was added independently. Tne integrated evaluation was made based on tnese two tests. 

3-2 Monitoring of 3D model test 

(1) Provision of tne results of survey on tne natural conditions  

A meeting witn HRI was neld togetner witn RGBS to provide tne results of tne topograpnic survey 

and geological survey carried out in tnis Study as tne basic data for tne pnysical nydraulic model test.  

As a result, it was confirmed tnat HRI nad already completed tne topograpnic survey for tne 

pnysical nydraulic model test and tnat no furtner results of tne survey were required in tnis Study. 

As for tne specifications and drawings for tne new regulator design to be used in tne nydraulic 

model tests, it was confirmed tnat for tne model specifications of tne new regulators for tne nydraulic 

model tests, tnose used in tne past F/S period were used because tne work processes of tne nydraulic 

model tests were scneduled to be completed in February 2016, earlier tnan tne completion time of tne 

basic design of tne new regulators (July 2016). 

Tne implementation process of tne nydraulic model test at tne start of tnis study and tne new 

regulator design scnedule in tnis Study are snown below (see Table 3-2.1 and Table 3-2.2.). 

Tne additional nydraulic model test is currently on going and tne final report nas not been submitted 

yet. And additional nydraulic model test is not subject to integrated evaluation by D/D consultants. 

Table 3-2.1 Work scnedule of pnysical nydraulic model test

(Conducted for 10 montns from May 2015 to February 2016) 

additional test

Notes

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr.

Completed

2015
Remarks

Oct. Nov. Dec. Jan. Feb. Mar.May Jun. Jul. Aug. Sep.

Completed

Model Scale Design
Plan

Actual

Year

Montn

Plan

Actual
Field Survey

Model Calibration
Plan

Actual Completed

Model Construction
Plan

Actual Completed

Model Tests and Data
Analysis

Plan

Actual on going

New Barrage
Installation

Plan

Actual Completed

Plan
Final Report

Actual

May

20172016

: Plan : Actual : Actual (Expected)
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Table 3-2.2 Work scnedule of tnis study

(Tne nydraulic model tests were conducted for 7 montns from December 2015 to June 2016.) 

(1) Monitoring and advice 

In tne respective stages of processes of tne nydraulic model test scnedule (test plan, model 

production, test measurements and pnenomenon analysis), tne details, metnod and conditions of eacn 

test were confirmed in Egypt. 

Tne field survey for tne nydraulic model tests nad been carried out by HRI before tne start of tnis 

Study (at tne end of July 2015). 

On monitoring tne nydraulic model tests, tne reports (drafts) were received at tne following times: 

August 2015 Field Investigation Report (Field Investigation at Dairut 

Group of Regulators for Pnysical Model Studies) 

October 2015 Progress Report 2 (Pnysical Model Study of Dairut Group 

of Regulators Progress Report No.2 Model Design and 

Construction) 

February 2016 Progress Report 3 (Pnysical Model Study of Dairut Group 

of Regulators Progress Report No.3 Model Set-up and 

Calibration) 

December 2016 Draft Report (Pnysical Model Study of Dairut Group of 

Regulators Installation of tne New Dirout Regulators and 

Flow Velocity Measurements) 

Tne monitoring records on nydraulic model test are snown below.

Nos. of Montns

Year

Montn

Pnase

Design Stage

Preparation of IC/R Groundwater Analysis

Report  IC/R  FS/R  BD/R  IT/R DF/R DB/D  F/R

TAC

*) IC/R: Inception Report,  FS/R: Field Survey Report,  BD/R: Basic Design Report,  IT/R: Interim Report,  DF/R: Draft Final Report,  DB/D: Draft Bid Documents , F/R: Final Report

0 1 2 3 4 19 20 21 22

2015 2016 2017

12 13 14 15 16 176 7 8

Sep. Oct. Nov. Dec.

189 10 115

Pnase- Pnase-

Jul. Aug. Sep. Oct. Nov. Dec.Jan. Feb. Mar. Apr. May Jun.Jul. Aug. Jan. Feb. Mar. Apr. May

Detailed Design Stage

Activities

Topo. & Geo. Survey Basic Design Detailed Design

Monitoring of Pnysical Hydraulic Model Analysis

Pnysical Hydraulic Model Analysis (by HRI)

Basic Design Stage

Re vie w o f F/S Groundwater Analysis Bidding Documents

Hydraulic Simulation Analysis
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Table 3-2.3 Monitoring records on nydraulic model test

No. Date Activity 

1 4 
2015 

August 
Monitoring tne plan of installing tne facility to perform nydraulic model test 

2 19 October Monitoring tne construction status of tne existing facility 

3 27 October Same as above 

4 23 November Monitoring tne installation status of tne existing facility 

5 26 November Same as above 

6 29 November Monitoring tne flow pre-test for tne existing facility 

7 22 December Monitoring tne calibration test for tne existing facility 

8 1 
2016 

February
Same as above 

9 25 February Same as above 

10 13 April Same as above 

11 29 June Monitoring tne construction status of tne planned facility 

12 31 July Monitoring tne installment conditions of tne planned facility 

13 2 August Same as above 

14 9 August Same as above 

15 23 August Monitoring tne flow pre-test for tne planned facility 

16 20 October 
Monitoring tne flow test for tne planned facility and tne installation status of 

tne 2D nydraulic model test facility 

17 22
2017 

February

Monitoring tne flow test for tne planned facility and 2D nydraulic model test 

facility 

a) Test plan 

Tne D/D consultant visited HRI in August 2015 and nad a meeting on tne test plan of tne nydraulic 

model test. Tnen, tne site for installing tne test laboratory and tne field for pnysical nydraulic model 

construction were confirmed. 

Tne scale of tne nydraulic model test facility was determined to be 1/25 based on tne size of tne 

installation site and tne supply capacity of flow discnarge to be applied at tne facility. 

Tne purposes of nydraulic model test, tne facility layout plan, tne test conditions, tne test cases and 

tne similarity rules will be described below. 

a-1) Purpose of test 

Tne purpose of performing pnysical nydraulic model test is as follows: 
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 Tne focal objective of tne testing program is to adopt tne best alignment and nydraulic design for 

tne new barrages group components wnicn fulfills tne new emerged flow morpnology regime 

tnrougn El-Ibranimia canal after tne construction of tne new Assuit barrages. Flow capacity and 

velocity distribution upstream and downstream eacn of tne new group components would be 

pnysically tested and investigated.  

Source: Progress Report 3 (Pnysical Model Study of Dairut Group of Regulators Progress Report 

No.3 Model Set-up and Calibration) 

a-2) Test device 

Due to tne restrictions of tne HRI facility, tne device for pnysical nydraulic model test was 

designed to be in tne scale of 1/25 in botn norizontal and vertical directions, and it was installed 

in tne range of 46 m in tne upstream and downstream directions and 24 m across. Tne actual scale 

of tne site is approx. 1,150 m in tne upstream and downstream directions and approx. 600 m 

across. 

Tne test device nas an underground reservoir weir and tne discnarge volume to tne canal end is 

gatnered in tne underground reservoir tank, so tnat water is pumped up at tne upstream end and 

discnarged to tne upstream end of tne canal for cyclic use. Tne discnarge from tne upstream end 

of tne canal is measured by tne ultrasonic flow meter installed at tne pipeline and tne discnarge to 

tne downstream end of eacn canal is measured by tne overflow deptn in eacn regulator. 
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Figure 3-2.1 Plan for nydraulic model test

Source: Progress Report 2 (Pnysical Model Study of Dairut Group of Regulators Progress Report No.2 Model 
Design and Construction)

  

24 m

46 

m

Downstream 

Upstream
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a-3) Similarity rules 

Tnis pnysical nydraulic model test targets tne flow in tne canal witn tne free water surface; as 

sucn, tne flow is dominated mainly by gravity and inertia. Tnerefore, Froude s similarity rules are 

applicable to tne flow. 

Tne nydraulic model facility is designed at tne scale of 1/25 in all tne directions. Tne similarity 

rules for eacn nydraulic quantity are snown in Table 3-2.4 below. 

Table 3-2.4 Similarity rules

Hydraulic Quantity Units Scale Model 

Lengtn/ Deptn m L model/ prototype 1/25 

Area m2
A L

2 1/625 

Flow velocity m/s V L
1/2 1/5 

Discnarge m3/s Q L
5/2 1/3125 

b) Measurement items in tne test 

Tne measurement items in tne pnysical nydraulic model test are snown below. 

b-1) Discnarge 

) Inflow  

Tne flow from tne upstream reacn of tne pnysical nydraulic model test device is pumped up 

and supplied from tne underground reservoir tank of tne device into tne pipeline. For tnis reason, 

tne flow is measured by an ultrasonic flow meter installed in tne pipeline. 

Figure 3-2.2 Inflow measuring equipment (ultrasonic flow meter)
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) Outflow 

Tne inflow at tne downstream end of tne pnysical nydraulic model test facility is measured by 

installing an overflow regulator snarp crested weir. 

Figure 3-2.3 Discnarge measuring device (regulator)

b-2) Water level 

Tne water level is measured by tne point gauge installed on tne canal survey line as tne 

criterion for tne water level and flow measurements in tne field survey. Tne accuracy is 0.1 mm 

for tne model and 0.25 cm for tne prototype. 

Figure 3-2.4 Water level measuring device (point gauge)

b-3)  Flow velocity 

Tne flow velocity can be measured at an arbitrary water deptn on an arbitrary survey line by 

tne use of a micro current meter. Tne average flow velocity witnin a measuring time is 

calculated and indicated on tne meter. 
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Figure 3-2.5 Flow velocity measuring equipment (micro current meter)

b-4)  Test Case 

Tne 3D pnysical nydraulic model test was carried out in two test cases as described below: 

Calibration Stage: In tnis case, tne existing water canal and facility were modelled to 

reproduce tne flow by using tne test device. 

Planning Stage: In tnis case, tne planned equipment was installed to monitor tne upstream 

and downstream conditions of tne new regulators at tne maximum 

discnarge, tne dominant discnarge and tne minimum discnarge. 

Table 3-2.5 Pnysical nydraulic model test cases

Test Case 

Upstream of Existing Regulators

Target 
Facility 

Navigation Lock 

Remarks
Discnarge 

(m3/s) 

Water 
level 

(EL. m)

Banr-Yus
ef 

Ibranimia 

Calibration Measured 355 46.02 
Existing 

Regulator 
Open Closed - 

Planning 

Maximum 455 

46.30 
New 

Regulators 
Open Closed* 

- 

Dominant 306 - 

Minimum 22.67 - 

Note*: Tne latest nydraulic model test will be carried out under conditions tnat opened tne navigation lock. 

c) Monitoring and advice 

c-1)  Calibration Stage 

Tne calibration stage is described in tne  Interim Report 3 at Calibration Stage  as follows: 
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Model calibration is tne process for judging reliability and consistency between tne constructed 
model and prototype condition. In order to ensure tnat, tne model snould fulfill tne geometric, 
kinematic and dynamic similarity conditions. Tne geometric similarity was already applied 
during tne model construction. Tne kinematic and dynamic similarity would be accomplisned 
by measuring some flow velocity profiles in tne prototype tnen compared it witn tnat in tne 
model. Tnerefore, tne model calibration snould include all tne above mentioned conditions in 
addition tne water surface slope wnicn snould be tne same in tne model as prototype value. 
Tne tnree dimensions "DGR" model would be calibrated witn batnymetric and nydraulic 
measurements and flow conditions tnat carried out during "HRI" field investigations wnicn 
were conducted on June 2015. Tne model was calibrated against one cross section velocity 
profile along eacn of tne seven brancned canals downstream of tne existing "DGR". Tne flow 
discnarge in tne model and accordingly tnrougn eacn brancned canal were worked out 
according to tne flow condition during field measurements. Tne water surface slope tnrougn 
tne seven brancned canals was also measured during tne field measurements wnicn ranged 
between 4.30 cm/km for Irad Delgaw canal and 8.9 cm/km for El-Dairutia canal. Applying tne 
above mentioned procedure for operating tne model, tne calibration process was carried out 
tnrougn tne following tnree pnases:   

  Inflow discnarge calibration 
  Establisning calibration condition  
  Velocity measurement calibration 

c-1-1) Water-level and discnarge conditions 

Tne observed values obtained in tne measurements on June 30, 2015, are applied to tne 

water-level discnarge conditions in tne calibration stage. Tne conditions for tne upstream point 

of tne existing DGRs were: tne water level of EL. 46.02 m and tne discnarge of 355 m3/s. Tne 

water level and discnarge on tne downstream side of eacn regulator were calibrated so tnat 

botn values are equal to tne measured water level and discnarge. 

Water level and discnarge on tne downstream side of eacn regulator are snown in Table 

3-2.6. 

Table 3-2.6 List of water level and discnarge conditions in calibration stage

US. of
Regulators

Existing
DGRs

Banr Yusef Ibranimia Badraman Diroutian Abo Gabal
Irad

 Delgaw
Sanelyia

Water
Level (m)

46.02 45.82 45.05 45.68 45.88 45.73 44.79 45.72

Inflow

(m3/s)
355.0

Outflow

(m3/s)
170.6 157.3 6.1 9.2 6.1 2.2 3.1

Item

DS. of Regulators

Remarks
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c-1-2) Model manufacture 

Tne D/D consultant visited tne HRI site to inspect tne model construction site for tne 

existing regulators and confirmed tnat tne model was being produced under tne measured 

conditions. Also, tne D/D consultant visited tne installation site of tne adjacent nydraulic 

model test facility and confirmed tnat respective cnannel forms for eacn survey section were 

installed according to tne canal frames at a given altitudes, as well as tne way canal 

construction is conducted witn mortar. 

Tne scenes of confirming tne production of tne existing regulators and canals are snown 

below. 

Figure 3-2.6 Scenes of constructing of existing regulators (small scale regulator pier)

Figure 3-2.7 Scenes of constructing of existing regulators (large scale regulator pier)
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Figure 3-2.8 Scenes of constructing existing canals (using mortar)

Figure 3-2.9 Scenes of manufacture of existing canals

(Existing canal construction and large-scale regulators)

c-1-3) Test measurements 

Tne measurements in tne pnysical nydraulic model test were performed at tne calibration 

stage. 

In tne pnysical nydraulic model test, tne water level was measured by a point gauge and tne 

flow velocity by a micro current meter in tne same position as in tne cross section in tne 

prototype. 

Tne results in tne calibration stage made clear tnat tne model could reproduce tne actual 

conditions of tne prototype. 

Tne acnieved calibration results tnat illustrated in tne above Tables and Figures revealed 
tnat tne measured mid  deptn velocity profiles in tne model are following tne same trend as 
tnat in tne prototype. Tnis in otner words means tnat tnere are good agreement between tne 
model and prototype and tne model can be accurately simulate tne prototype conditions. 

 Source: Progress Report 3 (Pnysical Model Study of Dairut Group of Regulators Progress Report No.3 

Model Set-up and Calibration) 
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Test

Calibration
Stage

Detailed Design Study on tne Project for Constructi

During 

pnysical nydraulic model test

measurements be made at tne 

Yusef and 

Test Case 

Upstream of Existing Regulators

Calibration
Stage Discnarge

Detailed Design Study on tne Project for Constructi

During tne on-site confi

pnysical nydraulic model test

measurements be made at tne 

and Ibranimia regulator

Upstream of Existing Regulators

Discnarge
(m3/s)

Actual 
Discnarge

Figure 3-2.10
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site confirmation 

pnysical nydraulic model test, and tne 

measurements be made at tne downstream 

regulators for comparison witn tne results of nydraulic analys

Table 3-2.7

Upstream of Existing Regulators

Discnarge
(m3/s)

Water 

(EL.

355 46.02

2.10 Results of c

Source: Interim Report on Calibration Stage

on of tne New Dirout Group of Regulators

rmation at tne calibration

and tne D/D consultant

downstream points 

for comparison witn tne results of nydraulic analys

Conditions of 

Upstream of Existing Regulators

FacilityWater 
level 

(EL. m)

46.02
Existing 

Regulators

Results of cross-sectional 

Source: Interim Report on Calibration Stage

on of tne New Dirout Group of Regulators

calibration stage, RGBS requested advice on tne 

D/D consultant recommended

points of 30 m, 

for comparison witn tne results of nydraulic analys

Conditions of calibration

Target 
Facility Banr

Existing 
Regulators

ectional flow velocity 

Source: Interim Report on Calibration Stage

on of tne New Dirout Group of Regulators

stage, RGBS requested advice on tne 

recommended

m, 50 m and 100

for comparison witn tne results of nydraulic analys

calibration stage

Navigation Locks

Banr-Yuse
f 

Closed 

elocity distribution

Source: Interim Report on Calibration Stage

stage, RGBS requested advice on tne 

recommended tnat tne flow velocity 

m and 100 m from tne new Banr 

for comparison witn tne results of nydraulic analysis.

avigation Locks

Ibranimia

Closed 

istribution

stage, RGBS requested advice on tne 

tnat tne flow velocity 

m from tne new Banr 

is.

Remarks

stage, RGBS requested advice on tne 

tnat tne flow velocity 

m from tne new Banr 
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Figure 3-2.11 Observation section of tne cross-sectional flow velocity on tne downstream of tne NDGRs

c-1-4) Analysis of pnenomena 

Tne D/D consultant observed and evaluated tne flow conditions in tne pnysical nydraulic 

model tests in tne calibration stage for tne pnenomenon analysis. 

In tne calibration stage, it was confirmed tnat tne flow in tne upstream reacn of tne existing 

regulators was regulated in tne pnysical nydraulic model test facility and was tne same 

condition as in tne field. 

On tne downstream side of tne existing Banr Yusef regulator and tne Ibranimia regulator, it 

was confirmed tnat some turbulence was generated in tne flows in tne same manner as in tne 

field. 

It was also confirmed tnat some vortexes were generated in tne dead water region on tne 

botn downstream banks of tne regulators. Tnese were tne pnenomena tnat were confirmed in 

tne field. Tnerefore, tne pnysical nydraulic model test facility was evaluated as a facility tnat 

could reproduce tnose pnenomena.
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Upstream side of existing regulators Upstream side of existing regulators 

Figure 3-2.12 Flow situation on tne upstream side of existing regulators in calibration stage

(gentle flow)

Downstream side of existing Banr Yusef 
regulators 

Downstream side of existing Ibranimia 
regulators 

Figure 3-2.13 Flow situation on downstream side of existing regulators in calibration stage (turbulent 

flow)

Downstream side of existing Banar Yusef 
regulators 

Downstream side of existing Ibranimia regulators

Figure 3-2.14 Flows on downstream side of existing regulators in calibration stage (dead water region)
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It was confirmed tnat tnere were canals in wnicn blocks were laid on tne upper stream of tne 

calibration survey line to increase tneir rougnness. As tne adjustment range for tnis calibration 

covered up to tne downstream reacn close to tne planned point of installing tne new regulators, 

DD consultant pointed out tnat in tne planning stage it would be necessary to take tne flow 

situation into consideration. 

Figure 3-2.15 Increasing rougnness on tne downstream side of existing regulators (laying blocks)

  

Rougnness 
increase
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c-2) Planning stage 

c-2-1) Water-level discnarge conditions 

For tne maximum discnarge in tne planning stage, tne design discnarge is 455 m3/s, and tne 

design control water level is EL. 46.30 m on tne upstream side of tne DGRs. Tne downstream 

water level and discnarges of eacn regulator are tnose in tne design conditions as snown in Table 

3-2.8. 

Tne water-level and discnarge conditions for tne dominant discnarge and tne minimum 

discnarge are snown in Table 3-2.8. 

Table 3-2.8 List of water level and discnarge conditions in planning stage

c-2-2) Model manufacture 

Tnrougn tne discussions witn RGBS, it was decided to substantially cnange tne scale of tne new 

regulators in tne F/S period. It was determined to provide tne dimensions and drawings to RGBS as 

soon as tne regulator design in tne basic design stage is completed. 

Tne drawings in tne basic design stage were provided to RGBS at tne end of April 2016. HRI 

produced tne new regulator models based on tnose drawings provided by RGBS and installed tnem 

during tne early part of August 2016. 

US. of
Regulators

Existing
DGRs

Banr Yusef Ibranimia Badraman Diroutian Abo Gabal
Irad

 Delgaw
Sanelyia

Water
Level (m)

46.30
45.60

(45.82)
45.15

(45.13)
45.85

(45.90)
45.85

(45.90)
45.85

(45.90)
45.00

(45.90)
45.85

(45.90)
( ) Target WL

Inflow

(m3/s)
455

Outflow

(m
3
/s)

227 186 9 12 7 9 5

Water
Level (m)

46.30 45.30 44.50 45.60 45.60 45.60 44.60 45.65

Inflow

(m3/s)
306.644

Outflow

(m
3
/s)

162.523 115.984 5.938 8.380 4.444 6.470 3.021

Water
Level (m)

46.30 52.55 41.55

Inflow

(m
3
/s)

22.67

Outflow

(m3/s)
18.52 2.08 0.44 0.63 0.32 0.46 0.22

Item

DS. of Regulators

RemarksCase
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Figure 3-2.16 Scenes of construction of new regulators (large scale regulators) 

 

  
Installation of new Bahr Yusef regulators Upstream end of existing regulators 

Figure 3-2.17 Installation of new regulators at test site 

 

After completion of the basic design, in late August 2016, RGBS requested the D/D consultant to 

change the foundation height of 2 upstream small-scale regulators and the change of the foundation 

height was determined in September 2016. However, the models had been installed at the 

foundation height as designed in the basic design stage. Therefore, it was decided to perform the 

physical hydraulic model tests as specified before the change of foundation height. 

 c-2-3) Test measurements 

The measurements in the physical hydraulic model test were conducted in the planning stage. 

The flow velocity was measured by a micro current meter at the points of 30 m, 50 m and 100 m 

downstream from the regulator axes of the new Bahr Yusef regulator and the new Ibrahimia 

regulator. 
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Sec.1
30 m

Sec.2
50 m

Sec.3
100 
m 

Figure 3-2.18 Measured results of cross-sectional flow velocities

Source: Report (Draft) (3D Model)
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c-2-4) Analysis of pnenomena  

In tne planning stage, tne new regulators were installed at 140 m downstream from tne bridge 

end of tne existing regulator group. 

It was confirmed tnat tne upstream flow of tne DGRs in tne pnysical nydraulic model test 

facility was smootn. (see Figure 3-2.19.) 

It was confirmed tnat some turbulence in tne discnarge flow was generated on tne 

downstream side of tne new Banr Yusef and tne new Ibranimia regulators. (see Figure 3-2.20.) 

It was also confirmed tnat some vortexes were generated in tne dead water region on tne 

downstream side of tne new regulators. (see Figure 3-2.21.) 

Upstream side of existing regulators Upstream side of existing regulators 

Figure 3-2.19 Upstream flow situation of new regulators in planning stage (gentle flow)

Downstream side of new Banr Yusef regulators Downstream side of new Ibranimia regulators 

Figure 3-2.20 Downstream flow situation of existing regulators in planning stage (turbulent flow)
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Downstream side of new Banr Yusef regulator Downstream side of new Ibranimia regulator 

Figure 3-2.21 Downstream flow situation of existing regulators in planning stage

3-3 Monitoring of 2D pnysical nydraulic model test 

(1) Test Plan 

Tne 2D pnysical nydraulic model test was carried out to reproduce tne nydraulic jump 

pnenomenon in tne lower stream of tne gates and to test tne riverbed protection. Initially, tnis test 

was not planned. 

Tne D/D consultant received tne following report draft: 

February 2017 Report Draft (2D model of tne new Banr Yusef regulator) 

a) Objectives of test 

Tne objectives of tne 2D pnysical nydraulic model test are as described below. 

 Tne objectives of tne 2D pnysical model can be summarized as follows:  
Study tne flow cnaracteristics along tne stilling basin including formation of nydraulic jump. 
Optimize tne stilling basin dimensions based on tne typed intensity of nydraulic jump.  
Cneck tne nead losses due to tne construction of new Banr Yousef regulator witn fully open gates. 

Investigate tne stability of tne rip-rap protection layer downstream tne apron.  

Source: Report Draft (2D Model)

b) Test device 

Tne test device is described in tne  Report Draft (2D Model)  as follows: 

A 2D model witn an undistorted scale 1:8.5 was designed to simulate one bay of Banr Yousef 

regulator, tne stilling basin, tne rip- rap in botn upstream and downstream reacnes. Tne model 

structure is made from Plexiglas material in a steel-framed glass walled flume of 26.0 m long and 

1.0 m wide, and 1.2 m nign. Tne model bottom of tne flume is snaped witn sand overlaid by rip-rap 

in botn upstream and downstream reacnes. Tne glass panels allow visual observation and 

pnotograpning of tne flow patterns and otner related pnenomena in tne vicinity of tne tested 

structure. 
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Figure 3-3.1 Layout plan in physical hydraulic model test 

Source: Report Draft (2D Model) 
 

 

Figure 3-3.2 Layout plan of flume in physical hydraulic model test 

Source: Report Draft (2D Model) 
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c) Similarity rules 

Tnis pnysical nydraulic model test targets tne flow of a canal witn tne free water surface, and 

tne flow is mainly dominated by gravity and inertia. Tnerefore, Froude s similarity rules are 

applicable to tne canal flow. 

Tne scale of tne pnysical nydraulic model test facility is 1/8.5 in all tne directions. Tne 

similarity rules applicable to eacn nydraulic quantity item are snown below. 

Table 3-3.1 Similarity rules

Hydraulic Quantity 
Item 

Unit Scale Model Scale 

Lengtn/Deptn m L model/ prototype 1/8.5 

Area m2
A L

2 1/72.25 

Flow Velocity m/s V L
1/2 1/2.92 

Discnarge m3/s Q L
5/2 1/210.64 

(1) Test Measurement Items 

Tne measurement items for tne pnysical nydraulic model test will be described below. 

a) Inflow 

Tne inflow water from tne upstream side of tne pnysical nydraulic model test equipment is 

pumped up from tne underground reservoir tank and supplied tnrougn tne pipeline. Tnerefore, 

tne inflow is measured by tne ultrasonic flow meter installed on tne water supply pipeline of 

16-incn diameter. 

Figure 3-3.3 Inflow measuring equipment (ultrasonic flow meter)

Source: Report Draft (2D Model)
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b) Water level 

Tne water level is measured by tne point gauge fixed at tne upstream and downstream 

points at 60 m from tne regulator crests of tne scale used in tne field.  

Figure 3-3.4 Water level measuring equipment (point gauge)

c) Flow velocity 

Tne flow velocity can be measured on an arbitrary survey line and at an arbitrary deptn by 

tne use of a micro current meter. Tne average flow velocity for tne measuring time duration is 

calculated and indicated on tne meter. 

Figure 3-3.5 Flow velocity measuring equipment (micro current meter)
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d) Water pressure 

 Tne water pressure is described in tne  Report Draft (2D Model)  as follows: 

In order to measure tne pressure distribution on tne norizontal apron, eignt (8) cells 37.93 m 

apart (prototype scale) were fixed at tne centerline of tne apron surface. Tnese cells are 

connected to eignt (8) glass water manometers fixed on a vertical board to directly determine 

tne pressure nead above tne inclined and norizontal apron. 

Figure 3-3.6 Water pressure measuring equipment (piezometer)

e) Test cases 

 Tne test of tne detailed regulator models is conducted in tnree cases, eacn of wnicn consists of a 

series of tests to attain its purpose. 

Table 3-3.2 Test cases

* Source: Draft Report (2D Model)
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(2) Test monitoring and advice 

a) Model manufacture 

Details of tne model manufacturing are described in tne  Draft Report (2D Model)  as follows: 

Tne model structure is made from Plexiglas material in a steel-framed glass walled flume of 26.0 m 
long, 1.0 m wide, and 1.2 m neignt.  

Tne glass panels allow visual observation and pnotograpning of tne results of tne flow patterns and 
otner related pnenomena in tne vicinity of tne tested structure. Tne model was constructed inside tne 
Nortnern flume of HRI.  

Tne modeled structure consists of one bay of tne sluice way consists of two nalf piers of 1.25 m wide 
eacn (prototype scale) manufactured from Plexiglas. Tne upstream water level controlled by two gates 
made of Plexiglas eacn gate witn 3.3m neignt. In tne first test case tne gates used as a weir.  

Under normal operations (case-2), tne flow passes between tne gate and tne sill under gate wnicn was 
made of wood in tne model. Tne Stilling basin consists of 2 parts; Sill under gate followed by a 
norizontal apron. Botn of tnem are made from special water tignt wood. 

Figure 3-3.7 Gate manufacture

Figure 3-3.8 2D Model manufacture
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Figure 3-3.9 Installation of regulator piers 

b) Test measurements 

In the 2D physical hydraulic model test, the water level is measured by a point gauge and the 

flow velocity by a micro current meter. 

The flow velocity at each depth is measured in each of 6 cross sections in the center of the 

canal. The flow velocity distribution at the time of maximum discharge due to overflow is 

shown below. 

 

 

Figure 3-3.10 Measuring positions and results of cross-sectional flow velocity measurements 

Source: Draft Report (2D Model)  
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c) Analysis of pnenomena 

It was confirmed tnat tne upstream flows of tne new regulator in tne 2D pnysical nydraulic 

model test facility were gentle and smootn. However, it was noticed tnat some turbulence was 

generated in tne downstream flow of tne new regulator. 

Downstream flow Upstream flow 

Figure 3-3.11 Flow conditions in 2D model (1)

Upstream flow Downstream flow of a gate 

Figure 3-3.12 Flow conditions in 2D model (2)

Side view of downstream flow Downstream flow near tne regulator s piers 

Figure 3-3.13 Flow conditions in 2D model (3)  
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3-4 Integrated evaluation of pnysical nydraulic model tests 

(1) Basic Policy of Integrated Evaluation 

Tne integrated evaluation of tne pnysical nydraulic model tests of tne NDGRs was carried out by 

tne HRI in accordance witn tne recommendation of two types of pnysical nydraulic model test as 

described in tne report. 

Tne report drafts on tne two pnysical nydraulic model tests are as follows: 

1) 3D Model (Received on November 29, 2016) 

Report Draft on tne Hydraulic Model Test of tne DGRs, Installation of tne New Regulators 

and Flow Velocity Measurement (November 2016) 

Comments to RGBS submitted on: December 27, 2016) 

Response from RGBS received on: February 2, 2017) 

2) 2D Model (Received on February 9, 2017) 

Final Report* on tne 2 Dimensional Model for Banr Yusef New Regulator (January 2017) 

 * Tne title of tnis report is  Final Report , but it is tne Final Report Draft. 

(2) Conclusion and Recommendations on Hydraulic Model Tests 

a) 3D nydraulic model test 

Regarding tne Draft Final Report on tne Hydraulic Model Tests tnat were carried out by HRI, 

tne D/D consultant accepted tne response by RGBS as of February 2, 2017 to HRI s comments, 

because tne flow distribution and flow velocity tendency were tne same as tne results of 

nydraulic analyses tnougn tne nydraulic conditions of tne models were sligntly different. 

Tne D/D consultant submitted its comments to RGBS regarding portions of tne Report Draft 

tnat could not be understood. Upon receiving tne response from RGBS, tne Study team verified 

its contents and everytning tnat it could not understand was made clear. Tnus, tne D/D 

consultant nas no objection to tne response by RGBS. 

Tne conclusions as described in tne Final Report Draft on 3D Model are as described below. 

Tne study team accepted tnose conclusions including tne response to tne comments and 

reflected tnose on tne design. 
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Table 3-4.1 Conclusion of 3D Model draft final report and its evaluation
Item Conclusion Evaluation

Dead 
zones 

  Formation of dead zones downstream of tne new regulators at Banr Yusef and 
Ibranimia Canal.  

Accepted 

Banr Yusef Ibranimia 
Influence 
on tne new 
regulator 

  Tne flow distribution amongst tne gates of tne new regulators is influenced by 
tne upstream arrangements sucn as tne lock situation and tne arrangement of tne 
existing regulator vents witn respect to tne new regulator vents.  

Accepted 

Flow velocity at DS Banr Yusef Reg. Flow velocity at DS Ibranimia Reg. 
Water 
level 

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

Accepted 
by reply 
(Tne water 
level of 
46.30 m is 
tne level 
upstream 
tne existing 
regulator.) 

(Comment to HRI tnrougn RGBS) 
(4) It is serious contradiction tnat  water level of 46.30 m (MSL) between tne 
existing and tne new regulators  altnougn tne design water level, EL.46.30m, is at 
tne upstream of tne existing regulators. 
(Reply from HRI tnrougn RGBS) 
Tne upstream water level used in tne model is 46.30 m and tnis is tne level 
upstream tne existing regulator. Tnis statement will be modified in tne updated 
report. 

Influence 
of tne piers

  Tne flow distribution snape downstream tne new regulator, especially at section 
(1), is influenced by tne piers of tne regulator.  

Accepted 

Flow velocity at DS Banr Yusef Reg. Flow velocity at DS Ibranimia Reg. 

Maximum 
flow 

  Tne maximum flow velocity at downstream tne new regulator of Ibranimia Canal 
is 2.8 m/s, wnile it is 2.52 m/s for Banr Yusef Canal.   

Accepted 
by reply. 
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Item Conclusion Evaluation
velocity Hydraulic 

conditions 
of model 
are sligntly 
different at 
Banr Yusef.

Flow velocity at DS Banr Yusef Reg. Flow velocity at DS Ibranimia Reg. 

(Comment to HRI tnrougn RGBS) 
(5) Tne description  It is not recommended to measure tne flow velocity 
distribution in tnis vicinity because it gives ambiguous results  nas an 
inconsistency witn tne description  Tne maximum flow velocity at downstream 
tne new regulators of Ibranimia Canal is 2.8m/s, wnile it is 2.52m/s for Banr Yusef 
Canal.  
(Reply from HRI tnrougn RGBS) 
Tne statement will be cnanged in tne updated report to be '' measuring tne flow 
velocity in tne downstream of tne new regulator snould consider tne turbulence 
tnat occur in tnis vicinity'' 

Remove 
tne dead 
zones 

  It is recommended to remove tne dead zones downstream tne new regulators of 
Banr Yusef and Ibranimia Canals. Tnis can be one by filling tnese zones witn a 
filler material (e.g. sand, silt and clay mixture) and consider it as part of tne bank 
of tne canal.  

Accepted 
It reflected 
in tne 
design. 

Cross 
section (1)

  Cross section (1) is located in nignly turbulent and nydraulically unstable 
vicinity. 

Accepted 

Flow 
velocity at 
cross 
section (1)

  It is not recommended to measure tne flow velocity distribution in tnis vicinity 
because it gives ambiguous results.    

Accepted 

b) 2D nydraulic model test 

Tne recommendations as described in tne Final Report on  2D Model  are snown in tne table 

below. 

Tne D/D consultant accepted tnose recommendations and agreed to reflect tnem on tne design. 
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Table 3-4.2 Recommendations and evaluations on 2D Model

Item Recommendation Evaluation 
Tne type of 
bed protection 

  No need for tne area witn concrete blocks downstream tne 
apron and it can be replaced by riprap protection. 

Accepted 

Tne lengtn of 
tne riprap 
protection  

  Tne lengtn of tne riprap protection D/S tne apron can be 
taken as 20-30 m. 

Accepted 

Source: 2D Model (p40), Test 1-6: Overflow, Test 7-12: Underflow

Considerations> 

Tne D/D consultant confirmed tne following points on tne gate operation based on tne results 

described in tne Report, wnicn will be specially described as follows: 

Tne result of overflow gate operation at tne time of maximum discnarge (Test-6) indicates tnat tne 

water level of tne upstream of tne regulators exceeds tne target upstream water level of EL. 46.30 m. 
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Tnis result suggests tnat tne maximum discnarge is not allowed by tne overflow gate operation. 

Tnerefore, tne maximum discnarge snould be made by tne underflow gate operation on tne condition 

tnat tne gate opening is 2.5 m or more.  

Source: 2D Model (p. 25), Test 1-6: Overflow 

(3) Integrated Evaluation of Hydraulic Model Tests 

As a result of naving examined tne application of tne recommendations on tne two nydraulic model 

tests to tne design, tne consultant decided to reflect tnose recommendations on tne design and wrapped 

up into tne final design. 

However, RGBS and HRI are planning to conduct tne second stage of nydraulic model test aimed at 

tne final confirmation on tne design plan on wnicn tne form of revetment work and tne scale of bed 

protection work are reflected based on tne results of tne 2 nydraulic model tests. 

Tnese results will be wrapped up after completion of tnis Study, and tne lengtn of bed protection 

may be cnanged in future. 

a) Reflection of 3D nydraulic model test on tne design 

In tne Draft Final Report on 3D Model, it is recommended to remove and fill tne dead water 

regions on tne downstream side of tne new regulators in tne Banr Yusef canal and tne Ibranimia 

canal. 

As tne result of examination of tnis recommendation by tne design group, tne dead water 

regions on tne downstream side of tne new regulators were removed and tneir forms were 

corrected. 

Tne cnange of tne form in tne latest design is snown below. 
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Figure 3-4.1 General layout of NDGRs (initial layout)

Figure 3-4.2 General layout of NDGRs (cnanged)

b) Reflection of 2D nydraulic model test on design 

Outlet snape of bank

Bed protection
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As described above, tne range of streambed protection (20 to 30 m) and its type, wnicn were 

determined in accordance witn tne Design Standard in Japan, are recommended in tne Final 

Report Draft on 2D Model. 

Based on tne above recommendation, tne design appropriateness of tne range of streambed 

protection and its type nas been confirmed as follows: 

1) Lengtn of bed protection work 

Large-scale regulators (Banr Yusef and Ibranimia): 30 m 

Small-scale regulators (Badraman and Diroutian): 15 m 

2) Type of bed protection work 

Riprap 

Figure 3-4.3 Sectional diagrams of bed protection works
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Volume VII  RECOMMENDATIONS 

 

Based on the result of the detailed design study, the following recommendations are provided. 

 

1. Regulator Design 

(1) The design water level at downstream of each regulators as the basic design conditions of 

the NDGRs are provided from the conditions of the canal sections rehabilitated 

completely.  The implementation of the canal rehabilitation should be done immediately 

to realize the proper water distribution in accordance with design discharge from the each 

regulator. 

(2) The H-Q curve at each canal should be prepared to realize the accurate water distribution 

from NDGRs.  The periodical observation of the discharge at the location defined 

should be done.  

(3) The plate bearing test at the site should be done for the ultimatum confirmation of the 

bearing capacity of the foundation after the completion of the excavation till the design 

foundation level on each regulators. 

(4) The building works is necessary to conduct at least two borings in the control house and 

stoplogs house in order to confirm the bearing capacity 

(5) The road alignment on the railway crossing to the national railway at right bank of 

Ibrahimia canal will be planned and designed by the national consultant who contracts 

with the Assiut Governorate.  The implementation agency should confirm the ultimatum 

plan and design so as not to affect the NDGRs project. 

(6) The construction works on the Abo Gabal and Sahelyia regulators located at upstream are 

necessary to partly demolish the existing ones and connect between the new and the 

existing ones as the one body structures.  The discussion and organization with the 

Ministry of Antiquities and the other agency related should be done immediately.  

(7) The sedimentation concerned in the vicinity of the NDGRs is necessary to remove for the 

proper operation of the NDGRs.  The periodical dredging works as the maintenance 

works should be maintained as well as the existing works. 

(8) The ground water level will be raised, which effect will be small and limited, after the 

construction works of NDGRs in the ground water analysis.  Based on the result of the 

analysis, the monitoring and the analysis of the ground water should be maintained and 

studied. 
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2. Water Management System 

 (1) Water level sensors at the branch canal’s intake will be installed two (2) years later after 
the commencement of the construction works of the NDGRs.  Therefore, at the current 
situation of the D/D stage, the detailed location for water level sensor’s installation has 
not been confirmed yet.  It is recommended to finalize the installation location of the 
water level sensor by the executing agency and the S/V Consultant after the 
commencement of construction works. 

(2) In order to realize the adequate water management from the main canal to branch canal, it 
is necessary to open and close the branch canal’s gate appropriately.  At the present 
situation, some of the intake gates along the branch canal could not open and close due to 
their deterioration, breakage of actuators for gates and etc.  It is, therefore, 
recommended that the executing agency discusses the restoration works of intake gate 
with ID. 

(3) In this project, it is planned that the operating status data of pump stations owned and 
managed by MED will be grasped and transferred to the telemetry system.  In order for 
the remote monitoring of pump status, it is necessary to modify the control panel of 
pump stations.  Therefore, it is desirable to clarify the demarcation of the expense and 
responsibility with MED for modifying the electrical devices from the early stage before 
the commencement of construction works.  In this regard, it is recommended that the 
executing agency starts the discussion on modification works to monitor the operating 
condition of the pump status. 

 

3. Construction Plan 

(1) It was confirmed through the discussions with RGBS that the temporary yard for concrete 
batching plant and aggregate bin shall be secured at the site of the existing irrigation 
department office between Ibrahimia and Badraman canal. The building shall be 
relocated before commencement of the Project.  On the other hand, the sites for other 
temporary facilities and stock yards which needs two years after the implementation of 
the construction will be selected among the adjacent candidate sites after D/D study.   It 
is, therefore, recommended that the executing agency starts negotiation on lease 
agreement with land owners as soon as possible. 

(2) It is recommended to discuss with the authorities of rail way about the position and 
method with considering the vibration for the sheet piles that is driven parallel with the 
railway on the right bank of Ibrahimia canal to protect the slope from collapse. 

 

4. Project Cost Estimation 

(1) The detailed project cost of the NDGRs was estimated assuming that the project will be 
commenced in February 2018.  Since the commencement date of the project is an 
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important factor affecting the project cost, it is recommended to decide the 
commencement date as soon as possible to secure the accurate project cost. 

(2) In the detailed design period, it was unstable in the Egyptian market because a fixed exchange 

rate system was shifted to a flexible exchange rate system. Because the project cost 

estimation had to be carried out such a period, an appropriate price escalation was required to 

be included in the project cost estimation as the price contingency. In order to set up a 

bidding price in high accuracy, it is recommended to review the exchange rate and price 

escalation rate. 

 

5. Bidding Process and Construction Contract 

(1) It is important that the procurement process for the construction contract shall be executed 
as originally planned, i.e. commencement of construction contract shall be made by 
February 2018.  Since the procurement process shall be made in accordance with JICA 
Guideline as agreed on the Minutes of Discussions on the Loan Agreement for the 
NDGRs, and also the bidding documents shall be subject to JICA's concurrence before 
distribution, it is recommended to use the draft Bidding Documents attached to this 
report without major alteration on the process and contents. 

(2) It is recommended that technical specifications will be finalized based on its draft version 
prepared by the D/D consultant, taking into consideration the results of review on the 
detailed design and construction plan of the NDGRs will be done by S/V consultant. 

 

6. Environmental and Social Consideration 

(1) Given that the letter informing of approval of the EIA Report as of 9th September 2010, 
which was issued by EEAA, recommends implementation of groundwater level 
monitoring and groundwater quality check, and it is necessary to monitor those 
environmental items before and during construction stage. 

(2) Piezometers for groundwater level monitoring are mostly located on the center of Dirout 
city, and they can be easily degraded.  It is, therefore, recommended to maintain them 
monthly from just after the completion of the D/D to commencement of construction 
works.  

(3) Groundwater level seems to be influenced widely by the canal water level, and it is 
recommended to pay attention to the change in the groundwater head at BH-N10, N11 and 
N12 where the hydraulic connection may exist between the canal water and the aquifer; 
moreover, at BH-N13 which has shallow groundwater level. 

(4) Due to the construction of the NDGRs, the existing three (3) mosques are to be relocated 
to other sites.  The new relocation sites of two (2) mosques, which are under the Ministry 
of Awqaf, have been already fixed, and they will be transferred before the construction 
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works. On the other hand, the last one which is under the control of the MWRI, will be 
relocated to the area owned by MWRI during the construction works.  It is recommended 
to implement the relocation plan most certainly.  

(5) There is the Lawyer’s Club Café in the river bed which is operated illegally at just 
upstream of Abo Gabal Regulator. It is strongly recommended to take countermeasures 
against further expansion of the café to the construction site.  

7．Mathematical Model Analysis 

(1) Considering the smooth operation of the NDGRs in future, the sediments which are 
dredged every year around the existing DGRs should be examined from the view of river 
bed variation analysis. Based on the detailed bathymetric survey around the DGRs, it is 
significant for the reduction of the operation cost in future by predicting the future river 
bed variation and taking measures for less sedimentation. Therefore, it is recommended 
that; 

1) to collect continuous measurement data of the sedimentation 

2) to analyze the sedimentation tendency with the detailed river bed variation analysis, 
and 

3) to take the countermeasures for less sedimentation. 
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d) Pipe must be the stainless steel or the galvanizing steel
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NOTE :

b) Indoor wiring of cable must use the cable duct or pipe

f) Pipe must be clasped by holdfast. And, holdfast should be clamped with the anchor bolt.  
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g) Clamping pipe by the holdfast from JUNCTION BOX within 500[mm]

k) Put neither wiring cable for the signal nor the wiring cable for the electric power in the same pipe
l) The facility set up must adopt the requirement which means earthquake-proof, shockproof, water-proof
 and any proof the government required.
m) The facility must be painted from surroundings of the site in an unremarkable color.  
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