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Appendix 1. Member List of the Survey Team 

【First Stage Survey in Jordan】  

Name Job Title Occupation 
Mr, Junji  
YOKOKURA Leader Senior Advisor,Office for Climate Change, JICA 

Ms. Tomoko 
NOMURA Procurement Planning Japan International Cooperation System (JICS) 

Mr. Tomohiro 
KAWASE Study Planning 

Program Officer,  
Water Resource Management Division I 
Water Resource and Disaster  
Management Group 
Global Environment Department, JICA 

Mr. Shigeo  
OTANI 

Chief Consultant / Technical 
Assistance Planning / 
Operation and Maintenance 
Planning 

Manager, International Department 
Kyowa Engineering Consultants Co., Ltd. 

Mr. Koji NAITO Water Supply Planning International Department 
Kyowa Engineering Consultants Co., Ltd. 

Mr. Yuichi 
MATSUMOTO Equipment Planning International Department 

Kyowa Engineering Consultants Co., Ltd. 
 

【Second Stage Survey in Jordan】 

Name Job Title Occupation 

Mr. Junji YOKOKURA Leader Senior Advisor,Office for Climate Change, JICA 

Ms. Tomoko 
NOMURA Procurement Planning Japan International Cooperation System (JICS) 

Mr. Tomohiro 
KAWASE Study Planning 

Program Officer,  
Water Resource Management Division I 
Water Resource and Disaster  
Management Group 
Global Environment Department, JICA 

Mr. Shigeo OTANI 

Chief Consultant / Technical 
Assistance Planning / 
Operation and Maintenance 
Planning 

Manager, International Department 
Kyowa Engineering Consultants Co., Ltd. 

Mr. Koji NAITO Water Supply Planning International Department 
Kyowa Engineering Consultants Co., Ltd. 

Mr. Yuichi 
MATSUMOTO Equipment Planning International Department 

Kyowa Engineering Consultants Co., Ltd. 

Mr. Tadashi OHASHI Procurement Planning / Cost 
Estimate O&M planning 

International Department 
Kyowa Engineering Consultants Co., Ltd. 
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【Explanation on Draft Outline Design Study Report】 

Name Job Title Occupation 
Mr. Shigeru 
OKAMOTO Team Leader Chief Representative, Jordan Office, JICA 

Mr. Tomohiro 
KAWASE Study Planning 

Program Officer,  
Water Resource Management Division I 
Water Resource and Disaster  
Management Group 
Global Environment Department, JICA 

Mr. Shigeo  
OTANI 

Chief Consultant / Technical 
Assistance Planning / 
Operation and Maintenance 
Planning 

Manager, International Department 
Kyowa Engineering Consultants Co., Ltd. 

Mr. Yuichi 
MATSUMOTO Equipment Planning International Department 

Kyowa Engineering Consultants Co., Ltd. 

Mr. Tadashi  
OHASHI 

Procurement Planning / Cost 
Estimate O&M planning 

International Department 
Kyowa Engineering Consultants Co., Ltd. 

 



Appendix 2. Survey Schedule
【Itinerary of the First Stage Survey in Jordan】

Chief Consultant/
Technical Assistance

Planning/Operation and
Maintenance Planning

Water Supply Planning Equipment
Planning

1 3-Apr-09 Fri

2 4-Apr-09 Sat Transfer　Tokyo(19:55) → Kansai(21:10)
Transfer　Kansai(23:15) → Dubai(05:30)

Transfer　Dubai(07:25) → Amman (9:40)

4 6-Apr-09 Man

5 7-Apr-09 Tue

Meeting at MOPIC(8:30)

8 10-Apr-09 Fri Transfer　Dubai(02:35) → Kansai(17:20)
Transfer　Kansai(19:15) → Tokyo(20:25)

9 11-Apr-09 Sat

10 12-Apr-09 Sun

11 13-Apr-09 Man

12 14-Apr-09 Tue

13 15-Apr-09 Wed

14 16-Apr-09 Thu

15 17-Apr-09 Fri

16 18-Apr-09 Sat

17 19-Apr-09 Sun

18 20-Apr-09 Man

19 21-Apr-09 Tue Transfer Amman (2:10)→
Bangkok(15:15　22:25)→

20 22-Apr-09 Wed →Tokyo(6:30)

21 23-Apr-09 Thu

22 24-Apr-09 Fri

23 25-Apr-09 Sat

24 26-Apr-09 Sun

25 27-Apr-09 Man

26 28-Apr-09 Tue

Data Collection

Preparation of Technical Memorandum, Meeting
with WAJ-PMU, Sign of M/M,

→Tokyo(6:30)

Site Survey (Zarqa PS, WAJ Zarqa, Basateen
PS, WAJ Russaifa, Distribution Network and
Meter)
Meeting at WAJ, JICA Jordan Office(15:00) 、

Embassy of Japan(16:30)
Transfer Amman(2:10)→Bangkok(15:15　22:25)
→

Meeting at WAJ Zarqa, Inverview as GIS Section, Survey at PS(Hallabat,
Khaw)
Data Collection as WAJ Central, Confirmation of Request Materials,
Interview with Construction Company

Data Arrangement, Meeting at WAJ Zarqa

Data Arrangement

Data Collection

Data Collection, Site Survey at Merheb PS

Data Collection

Confirmation of Requested Items at site, Meeting with WAJ-COD

Confirmation of other project by other donor, Interview with Construction
Company and Supplier

Meeting with WAJ, Meeting with GTZ(10:00),
Data Collection, Collection of Water Payment
Data

3

Site Survey（Zarqa PS）、Data Collection at WAJ Zarqa

Data Collection at WAJ Zarqa, Site Survey (Azraq PS, Azraq Well,
Transmission Pipeline)

Site Survey（Awajanm, Sukhna PS, Sukhna Reservoir, Hashemeyeh
(Reservoir, Well, PS）

Discussion of M/D with WAJ(10:00), Sign of M/D(15:30)
6

Embassy of Japan(9:00), JICA Jordan Office(10:00)
Transfer　Amman(17:30) → Dubai（21:15）

Data Collection in WAJ

Discussion of IC/R(9:00)、Interview with GTZ/IEE Project Manager(13:30)、Visit to MCC(15:00)

Site Survey（WAJ Zarqa、Zarqa PS, Khaw PS, Central Work Shop, Hitten Reservoir, Russerifa Reservoir

Day
JCA and JICS Team
（Leader, Procurement Planning, Study
Planning）

Consultant Team

Date

Transfer　Bangkok(0:30)→Amman(05:15)
Site Survey

Transfer　Tokyo(10:30)→Bangkok(15:05)

5-Apr-09 Sun JICA Jordan Office(12:30), Meeting at MOPIC(14:00), WAJ Secretary General (15:00),
Meeting in WAJ(15:45), Embassy of Japan (16:30)

Site Survey（Hitten Reservoir, Russaifa High/Low Reservoir）

Internal Meeting of Consultant
8-Apr-09 Wed

7 9-Apr-09 Thu
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【Itinerary of the Second Stage Survey in Jordan】

Chief Consultant/   Technical
Assistance

Planning/Operation and
Maintenance Planning

Water Supply Planning Equipment
Planning

Procurement Planning/Cost
Estimation

Mr. Yokokura, Ms. Nomura, Mr. Kawase Mr. Otani Mr. Naito Mr. Matsumoto Mr. Ohashi

1 13-Jun-09 Sat Transfer　Tokyo(20:30) → Kansai (21:45)
Transfer　Kansai(23:15) → Dubai(04:45)

Transfer　Dubai(07:25) → Amman(9:20)

3 15-Jun-09 Man

4 16-Jun-09 Tue

5 17-Jun-09 Wed

6 18-Jun-09 Thu

7 19-Jun-09 Fri Transfer　Amman(17:15) → Dubai
（21:10）

8 20-Jun-09 Sat Transfer Dubai(03:10) → Kansai(17:20)
Transfer Kansai(19:15) → Tokyo(20:25)

9 21-Jun-09 Sun Data Collection in WAJ
Dept. Statistics

10 22-Jun-09 Man Survey of Procurement
Condition

11 23-Jun-09 Tue
am Survey of Procurement
Condition
pm Hallabat PS

12 24-Jun-09 Wed

13 25-Jun-09 Thu

14 26-Jun-09 Fri

15 27-Jun-09 Sat Survey of Maintenance
System & Capacity

Survey of Procurement
Condition

16 28-Jun-09 Sun

17 29-Jun-09 Man

18 30-Jun-09 Tue

19 1-Jul-09 Wed

20 2-Jul-09 Thu

21 3-Jul-09 Fri Data Arrangement Data Arrangement

22 4-Jul-09 Sat
am Meeting at WAJ Zarqa
pm Survey of Pipeline
Network

am Meeting at WAJ Zarqa
pm Survey of Procurement
Condition

23 5-Jul-09 Sun Azraq PS Market Survey

24 6-Jul-09 Man Market Survey

25 7-Jul-09 Tue Market Survey

26 8-Jul-09 Wed Survey of Maintenance
System & Capacity Market Survey

27 9-Jul-09 Thu

28 10-Jul-09 Fri Data Arrangement Transfer Amman(2:10)
→Bangkok(15:15　22:25)→

Survey of Electricity,
Specification of Pump Data Arrangement

29 11-Jul-09 Sat am Meeting at WAJ PMU
pm Data Arrangement →Tokyo(6:30) am Meeting at WAJ PMU

pm Data Arrangement Individual Study

30 12-Jul-09 Sun Data Collection in WAJ Data Collection in WAJ Market Survey

31 13-Jul-09 Man Report to JICA
& Embassy of Japan

Transfer Amman(2:10)
→Bangkok(15:15　22:25)→ Market Survey

32 14-Jul-09 Tue Transfer Amman(2:10)
→Bangkok(15:15　22:25)→ →Tokyo(6:30) Market Survey

33 15-Jul-09 Wed →Tokyo(6:30) Market Survey

34 16-Jul-09 Thu Market Survey

35 17-Jul-09 Fri Transfer Amman(2:10)
→Bangkok(15:15　22:25)→

36 18-Jul-09 Sat →Tokyo(6:30)

Individual Study

Individual Study

Transfer　Tokyo(10:30)
→Bangkok(15:05)

Transfer　Bangkok(0:30)
→Amman(05:15)

2

Day
JCA and JICS Team
（Leader, Procurement Planning, Study
Planning）

Date

14-Jun-09 Sun
13:00 Meeting at JICA Jordan Office
14:00 Courtesy call to Ministry of Planning & International Cooperation
15:00 Ministry of Water & Irrigation and WAJ Secretary General, Submission of Interim Report to
WAJ, Meeting with WAJ
17:30 Meeting with Embassy of

Transfer　Bangkok(0:30)→Amman(05:15)

Transfer　Tokyo(10:30)→Bangkok(15:05)

Consultant Team

Survey of Construction
Capacity & Procurement
Condition

Survey of Construction
Condition

Merheb PS
Mesurement of Base Line Data

Data Arrangement

Data Collection and Analisis

Zarqa Desalination Plant
Mesurement of Base Line Data

Inspection of Pumping Stations

Khaw PS, Azraq PS
Mesurement of Base Line Data

Khaw PS, Hallabat PS
Mesurement of Base Line Data

Signing of M/D
15:00 Report to JICA
16:30 Report to Embassy of Japan

Discussion with WAJ, Ministry of Planning & Irrigation

9:00 Meeting with GTZ (IEE Project) and WAJ (@WAJ)
Discussion about Interim Report
14:00 Meeting with MCC

Site Survey （WAJ Zarqa Office, Azraq PS, Hallabat PS）

Hydraylic Analisis, Design of Pump

Survey of Procurement
Condition

am Meeting at WAJ Zarqa
pm Hallabat PS

Survey of Financial Condition

Survey of Maintenance
System & Capacity

Pipeline Survey Survey of Procurement Condition

Merheb PS
Mesurement of Base Line Data

Hydraylic Analisis, Design of Pump

Azraq PS

Survey of Electricity,
Specification of PumpLayout of Pump Stations

am Meeting at WAJ PMU
pm Data Arrangement
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【Explanation on Draft Outline Design Study Report】

Leader
（Mr.

Okamoto）

Study Planning
（Mr. Kawase）

Chief Consultant/
Technical Assistance

Planning/Operation and
Maintenance Planning

（Mr. Otani）

Equipment
Planning

（Mr.
Matsumoto）

Procurement
Planning/

Cost
Estimation

（Mr. Ohashi）

－ 9 fri Tokyo(19:55) → Osaka(21:10)
Osaka(23:15) → Dubai(04:45)

1 10 sat Dubai(07:25) → Amman (9:20)

3 12 mon

4 13 tue

5 14 wed

6 15 thu

7 16 fri

8 17 sat

Discussion on M/M with WAJ (Zarqa GWA)

2 11

Discussion on M/M with WAJ (Signing on M/M)

sun

DATE

Amman（2:10）→Bangkok（15:15）

Bangkok（22:25）→

Oct.

→Tokyo（6:30）

Discussion on M/M with WAJ
MTG with GTZ, MCC and other donors

Signing on M/M
Report to JICA Office and EOJ

MTG with JICA Office
Coutesy call to EOJ, MOPIC and WAJ

(WAJ Presentation and discussion on the draft report outline design)

Tokyo(10:30)→Bangkok(15:05)

Bangkok(0:30)→Amman(5:15)
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Appendix 3. List of Parties Concerned in Jordan  

【Ministry of Planning & International Cooperation (MOPIC)】 

Mr. Saleh Al-Kharabsheh Director, Projects Department 

Ms. Wafa Al-Saket  Head of Asian and Arab Relations Divisions,  

 International Cooperation Department 

  Mr. Saif Baniata  Asian Relations Section, International Cooperation Department 

Ms. Moha Al-Zo’bi   Deputy Director, Projects Department 

Ms. Nida’a Al-Momsni  Resercher, Projects Department 

Ms. Saif Bani Ara Charge of Japanese Cooperation 

   
【Water Authority of Jordan (WAJ)】 

Eng. Munir Oweis Secretary General 

Mr. Waleed Sukkar  Director, NRW & Performance Indicators Initiative,  

  Project Management Unit 

Eng. Bassam Saleh Assistant Secretary General, Water Affairs 

Mr. Ziad Haddadin Assistant Secretary General, Financial Affairs 

Eng. Ahmad Househ Director, Planning and Design Department 

Ms. Reham Bani-Hani Deputy Director, Planning and Design Department 

Dr. Mustafa Al-Assaf Director, Central Operation 

Mr. Khalid Alobaidiyn   Director, Central Operation 

Ms. Raja Ammani   Director, Finance Department 

Eng. Nedaa Halaseh Director of Tenders & Purchase Department 

Mr. Anas Al-Halliq Manager of Main Store Department 

[Zarqa Governorate Water Authority (GWA)] 

Eng. Nabil Al-Zoubi Director of Zarqa GWA 

Eng. Mohamed Al-Rifaea Director, Technical Affairs Directorate 

Eng. Qasem Ababna Director, Non-revenue Water Directorate 

Eng. Yahya Al-Khawalda Director, Water Directorate 

Eng. Amjad Al-sharea Director, Rusaifa City water 

Eng. Mofid Abed-Alatif  Head, Station Section 

Mr. Ghassan Al-Rayyan Head, Water Network Section 

Mr. Hussam Sweilem Operator GIS Center 

Eng. Khaled Al-Dajah Mechanical Engineer, Station Section 

Mr. Kamal Al-Sa’ad   Supervisor, Zarqa Pumping Station 

[WAJ Central Workshop] 

Eng. Jabir Al-Hmoud Director 



A-7 

  Eng. Abdul Rahim Y. Odetalla  Director Work Shop & Maintenance 

Eng. Atef S. Besharat  Head of Maintenance Water Equipment Section 

 

【Prime Ministry, Millennium Challenge Unit】 

Ms. Tamam El-Ghul Director P.O.C 

Mr. Mohye Al-Deen Al-Shbool Deputy Director 

Eng. Iyad E. Dahiyat Project Director / Water & Wastewater, 

 Millennium Challenge Account 

Mr. Abdelhakim Shibli Economic Expert, Millennium Challenge Unit 

Mr. Khalid Al Hmoud Economist, Millennium Challenge Unit 

 
【Ministry of Environment】 

Mr. Hussein Badarin Director, Directorate of Monitoring & Assessment (EB Member) 

 
【German Technical Cooperation (GTZ)】 

Mr. Dieter Rothenberger Programme Manager  

Mr. Holge Lange Advisor, Dorsch Consult 

Mr. Dietrich Ossuald Technical Advisor of DED, Dorsch Consult 

Mr. Ronald Hagger IEE Project Officer, Dorsch Consult 

Mr. Asmaa Jarrar, Project Officer 

Mr. Keith Roberts Project Manager, Dorsch Consult 

Mrs. Maria Scheday Project Engineer, Dorsch Consult 

 
【Embassy of Japan in Jordan】 

Tetsuro Shioguti Ambassador 

Yasuo Ichicawa First Secretary, Economic Section 

 
【JICA Jordan Office】 

Shigeru Okamoto Chef Representative 

Yasuhiro Morimoto Deputy Resident Representative 

Makiko Okumura Representative 

Hani H. Al Kurdi Deputy Chief Program Officer 

 
   











































































































































A-76 

Appendix 5.  Soft Component Plan 

(1)  Background to planning the Soft Component 

Improvement of the water transmission pipelines, reservoirs and main water distribution networks is 
in progress with the implementation of the two phases of the Grant Aid Project of Japan, “The Project 
for Improvement of the Water Supply System for the Zarqa District,” based on the master plan for 
improvement of the water supply system in Zarqa District drafted by JICA. The implementation of the 
project is expected to improve efficiency of water distribution and thus reduce energy consumption for 
water distribution. 

In this Project, the pumping facilities at the existing main water transmission pumping stations 
(Azraq, Hallabat and Zarqa Pumping Stations) will be replaced to improve water transmission 
efficiency and reduce energy consumption for water transmission. Implementation of this Project will 
create synergy with the above-mentioned Grant Aid Project and enable more stable water distribution 
in Zarqa District and reduced operation and maintenance costs. 

Full-time operators and mechanical and electrical maintenance technicians are assigned to each 
pumping station in Zarqa Governorate. However, the existence of many problems in the operation and 
maintenance of the pumping facilities not only impedes efficient operation of the facilities, but also 
causes frequent breakdowns and premature deterioration of the facilities. Therefore, the effectiveness 
of implementation of the Project is likely to be compromised because of lack of appropriate operation 
and maintenance even after the replacement of the pumping facilities. 

Under such circumstances, establishment of the effectiveness of Project implementation will require 
not only procurement of equipment for water transmission, but also provision of technical assistance 
in the form of Operation and Maintenance Technical Guidance and Soft Component, both in theory 
and in practice, to develop the capacity to operate and maintain the improved pumping facilities for 
water transmission appropriately and to improve energy efficiency in water transmission system. 

The following are the problems found in the operation and maintenance of the pumping facilities: 

1) Operation management-related problems 

・Operators do not have correct knowledge of pump operation, including procedures and timing of 

starting and shutdown of pumps. 

2) Maintenance-related problems 

・Repairs are not implemented promptly even when an abnormality or damage to the equipment has 

been detected.  
・Because of inadequate daily inspection, damage is not repaired while still minor. 
・Except for regular application of oil and grease to the sliding parts of the rotating machinery such as 

pumps and motors, no preventive maintenance work is carried out. 
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・The only entries in the Operation and Maintenance Records are the daily discharge and operation 

hours. Because of the lack of records concerning maintenance/inspection and replacement of 
equipment, it is impossible to know the time of occurrence and type of damage or abnormality.   

3) Safety management-related problems 

・Understanding of safety management is poor and technology for accident prevention and crisis 

management is lacking. 
・Experience in medium voltage power receiving is lacking. 

4) Problems related to management organization and training in management 

・As the number of engineers and technicians for maintenance is not sufficient, employment of 

additional personnel is required. As a medium voltage power receiving system is to be introduced, 
someone to be in charge of handling medium voltage electric equipment will have to be appointed. 

・There is no systematic operation/maintenance manual and operation and maintenance depend solely 

on the experience of the operators and technicians. 
・No systematic technical training is provided to engineers, technicians and operators. Although ad hoc 

training is provided at the Vocational Training Centre (VTC) and Central Workshop (CWS), the 
content is either conceptual or fragmental.    

・Only limited operation records are kept (ID numbers of operated pumps, pump discharge, discharge 

pressure, water level in reservoirs and amount of chlorine input) and such records are not sorted, 
analyzed or used.   

5) Problems in managing the water transmission system 

・Each pumping station is operated either for fixed hours or according to the water level in the 

reservoir to which the station supplies water. An operation system that takes into consideration water 
distribution in the entire water transmission and distribution system has not been adopted. 

・The diagnosis of the operational condition of the pump facility based on water transmission 

efficiency, efficiency of electricity consumption and pump efficiency has not considered.  
・ Pump operation and procurement of equipment are implemented without consideration for reduction 

in energy consumption. 

The measure of Operation and Maintenance Technical Guidance of pumping facilities provided by the 

contractor will be taken for the problems 1), 2), 3) and 4) at immediately after installation of the 

equipments at each pumping station. For the problem of 5), the measure of Soft Component provided by 

the Consultant will be taken. These technical assistances shall be acted in cooperation between the 

contractor and the consultant.  
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(2)  Objective of the Soft Component 

 Appropriate operational management of the water transmission system will make water transmission 
efficient and stable by enabling water transmission in accordance with demand for water distribution 
(demand at distribution reservoirs). It will reduce energy use in water transmission system by enabling 
efficient operational management. 

Diagnosis of the operational condition by collecting and analyzing the operation records on 
pumping discharge, voltage and current and electricity consumption of pump facilities will contribute 
to efficient pump operation and reduction in energy consumption. 

(3)  Effects of the Soft Component 

 The engineers who are engaged in operation of water supply system at Zarqa Office will be able to 
carry out comprehensive water transmission management and operation of the pumping facilities with 
conscious of energy efficiency. Also, they will be able to do maintenance management based on the 
efficiency of pumping facility. 

(4)  Means of verification of achievement of the effects 

Goals will be set for each training subject. The instructor in each subject will evaluate the degree of 
understanding of the transferred technology in the final confirmation. In the final confirmation, each 
trainee will carry out the work independently and the instructor will evaluate his/her performance. 

Table 1  Goals of the Soft Component 
Training subject Goals 

Operational management 
technology of pumping water 
transmission system 

To prepare a pump operation plan in accordance with the water transmission and distribution 
plan 
To analyze the operation management records and evaluate the efficiency of pump operation 
To finalize the management manual of pumping water transmission system 

 

(5)  Soft Component activities (Input Plan) 

The recipients of the Soft Component will be the Director of the Water Directorate, who supervises 
operation of the water transmission systems, the head and staff members (engineers and technicians) 
of the Pump Section. 

Table 2  Content of the technical assistance 
Details of assistance Activity Recipients 

Operational management 
technology of pumping 
water transmission system 

Training in drafting of an efficient 
water transmission plan 
Training in drafting of a pumping 
station operation plan  
Management by procurement 
contractor 

Water directorate managers at Zarqa 
Office (Director of Water Directorate: 1, 
Head of Pump Section: 1, mechanical 
facility engineer: 1, electrical facility 
engineer: 1) 
Azraq (senior manager: 1), Technician: 6 
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Table 3  Activities and number of working days of the Soft Component 
Activity Details of activity Number of 

days 
Work in Japan Drafting of lecture and practice plans and preparation of manual and reference materials for 

the lecture and practice plan 
5 

1) Water transmission system operation technology 
 Theory of water transmission by pump, operation and maintenance record, analysis of the 
record, diagnosis of operation condition, practice of preparation of report 
2) Diagnosis technology of efficiency of pumping facilities: 
 evaluation of operational efficiency, unit electricity consumption per pumping discharge, 
electricity consumption of pump 
3) Practice at Azraq, Hallabat and Zarqa pumping stations 

 
3 

Preparation of Final Report on Soft Component, advice on management and finalization of 
the manuals  

2 

Field activity 3: 
(For system 
managers) 

Report to WAJ 1 

 

(6)  Resources required for implementation of the Soft Component 

The consultant, who is familiar with the concept of the water supply system, to provide technical 
assistance both in preparation and in implementation of the operational plans for the pumping stations.  
Personnel to be dispatched for the Soft Component is a Japanese engineer of operational management 
of pumping water transmission system. 

(7)  Implementation schedule of the Soft Component 

The contractor will implement commissioning and Operation and Maintenance Technical Guidance 
of pumping facilities at Azraq, Hallabat and Zarqa pumping station immediately after installation of 
the equipments. 

The consultant will provide technical assistance under the Soft Component after completion of all 
technical guidance provided by the contractor and at the time when new pumping facilities replaced in 
the Project became in the operational condition. 

  Because WAJ is the implementation organization of this Project, the Soft Component will be 
implemented after discussion on the implementation methods and content with WAJ and in the 
presence of WAJ training personnel.   
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Table 4  Implementation plan of Soft Component. 

 

(8)  Outputs of the Soft Component 

The table below shows the outputs of the Soft Component activities. These outputs will be compiled 
into the Soft Component Report to be submitted to WAJ. The outputs will be written in English 

- Pumping Water Transmission System Management Manual 
- Reference materials for the lecture and practice 
- Completion report of soft component 

 
(9)  Responsibilities of the recipient country 

In order to enhance and sustain the effects of the Soft Component activities and to facilitate the 
activities, the Jordanian side should take responsibility for the following: 

・ Appointment of a counterpart for the Soft Component 

・ Monitoring and follow-up for sustainable operation and maintenance of the facilities after 

implementation of the Soft Component 

 

Installation of Pump

Construction of Zarqa－Batrawi  water transmission pipeline   

1. Operation and Maintenance
Technical Guidance of Pumping
Facilities

Preparation of various manuals
for the lecture and practice

Contractor 10

Meeting with WAJ, Preparation
of Guidance

Contractor 1

Overall system management
theory

Contractor 2

Training in operation
management technology

Contractor 7×4

Training in safety management
technology

Contractor 1

Training in Maintenance
technology (Inspection and
maintenance)

Contractor 7×4

Maintenance technology
(Repair)

Contractor 7

Finalization of Operation &
Maintenance Manual, recording
form

Contractor 2×4

Supervision of the Guidance Consultant
20, 16, 16,

23

2. Soft Component

Preparation of manual for the
lecture and practice

Consultant 5

Training in water transmission
system operation technology

Consultant 3

Preparation of Final Report on
Soft Component

Consultant 2

Report to WAJ Consultant 1

JulyJune

Year 2011

MayApril
Working Items

Jan Feb MarOct Nov Dec

Implementation
Body

Days
Year 2012

Legend　　        Work in Japan
　　　　　　　　     Work in Jordan

1

2

1

7

7

7

7

7 7

7 7

7

2

3

1

10

20 23
16

2 2 2 2

5

16

Azraq Pumping Station Hallabat Pumping Station

Zarqa Pumping Station

Hallabat Pumping Station
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Appendix 6. Relevant Data 

6-1  Hydraulic Calculation of Transmission Pipeline 

6-2  Index of Programme Effects 

 

 

 

 



6-1  Hydraulic Calculation of Transmission Pipeline

Azraq-Khaw Transmission Pipeline

New Station G.L. 552.50 m

Design Flow: 1,700 m3/h Reservoir L.W.L. 563.00 m

Coefficient of Roughness: 125 Pumping Head: 360.00 m
Sta. Invert

Level or
G.L (m)

Parcial
Dist. (m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Internal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

Tank 563.00 0.00 0.00 923.00 LWL=563m
Pump 553.00 250.00 250.00 472 0.00470 1.17539 921.82 368.82 587 1.744 221.29 G.L.+0.5m, Pipeline 250m
Road 562.50 270.00 520.00 472 0.00470 1.26942 920.56 358.06 587 1.744 214.83 Internal Pipeline 270m
149 562.05 86.70 606.70 472 0.00470 0.40763 920.15 358.10 587 1.744 214.86 Air Valve No.1
151 561.67 35.56 642.26 472 0.00470 0.16719 919.98 358.31 587 1.744 214.99
155 558.04 207.32 849.58 472 0.00470 0.97473 919.01 360.97 587 1.744 216.58
158 553.48 179.28 1028.86 472 0.00470 0.84290 918.16 364.68 587 1.744 218.81
161 554.82 166.56 1195.42 472 0.00470 0.78309 917.38 362.56 587 1.744 217.54
163 557.54 154.10 1349.52 472 0.00470 0.72451 916.66 359.12 587 1.744 215.47 Air Valve No.2
166 553.01 90.74 1440.26 472 0.00470 0.42662 916.23 363.22 587 1.744 217.93
172 553.63 347.01 1787.27 472 0.00470 1.63149 914.60 360.97 587 1.744 216.58 Air Valve No.3
175 556.42 172.07 1959.34 472 0.00470 0.80900 913.79 357.37 587 1.744 214.42
178 554.58 118.00 2077.34 472 0.00470 0.55479 913.23 358.65 587 1.744 215.19
179 554.67 81.00 2158.34 472 0.00470 0.38083 912.85 358.18 587 1.744 214.91 Air Valve No.4
180 554.35 40.00 2198.34 472 0.00470 0.18806 912.66 358.31 587 1.744 214.99
182 548.74 117.01 2315.35 472 0.00470 0.55013 912.11 363.37 587 1.744 218.02
185 548.11 126.17 2441.52 472 0.00470 0.59320 911.52 363.41 587 1.744 218.05
186 548.89 48.73 2490.25 472 0.00470 0.22911 911.29 362.40 587 1.744 217.44
190 558.75 154.03 2644.28 472 0.00470 0.72418 910.57 351.82 587 1.744 211.09
191 559.13 85.78 2730.06 472 0.00470 0.40330 910.16 351.03 587 1.744 210.62 Air Valve No.5
196 553.27 299.29 3029.35 472 0.00470 1.40713 908.76 355.49 587 1.744 213.29
201 557.46 282.44 3311.79 472 0.00470 1.32791 907.43 349.97 587 1.744 209.98 Air Valve No.6
247 538.32 2536.59 5848.38 472 0.00470 11.92596 895.50 357.18 587 1.744 214.31
279 555.10 2834.34 8682.72 472 0.00470 13.32586 882.18 327.08 587 1.744 196.25 Air Valve No.7
308 581.18 1906.55 10589.27 472 0.00470 8.96378 873.21 292.03 587 1.744 175.22
310 590.28 180.79 10770.06 472 0.00470 0.85000 872.36 282.08 587 1.744 169.25
311 599.17 110.42 10880.48 472 0.00470 0.51915 871.84 272.67 587 1.744 163.60
312 600.29 60.19 10940.67 472 0.00470 0.28299 871.56 271.27 587 1.744 162.76 Air Valve No.8
318 583.00 335.63 11276.30 472 0.00470 1.57799 869.98 286.98 587 1.744 172.19
321 582.53 165.97 11442.27 472 0.00470 0.78032 869.20 286.67 587 1.744 172.00
341 592.00 106.00 11548.27 472 0.00470 0.49837 868.70 276.70 587 1.744 166.02
342 594.82 92.40 11640.67 472 0.00470 0.43443 868.27 273.45 587 1.744 164.07
345 602.73 71.64 11712.31 472 0.00470 0.33682 867.93 265.20 587 1.744 159.12
347 605.22 94.43 11806.74 472 0.00470 0.44397 867.49 262.27 587 1.744 157.36 Air Valve No.9
350 597.35 50.53 11857.27 472 0.00470 0.23757 867.25 269.90 587 1.744 161.94
351 596.63 42.00 11899.27 472 0.00470 0.19747 867.05 270.42 587 1.744 162.25
365 604.05 1820.42 13719.69 472 0.00470 8.55884 858.50 254.45 587 1.744 152.67
366 606.73 49.58 13769.27 472 0.00470 0.23310 858.26 251.53 587 1.744 150.92
371 602.02 202.76 13972.03 472 0.00470 0.95329 857.31 255.29 587 1.744 153.17
380 613.62 422.24 14394.27 472 0.00470 1.98519 855.32 241.70 587 1.744 145.02
386 617.67 274.99 14669.26 472 0.00470 1.29289 854.03 236.36 587 1.744 141.82
395 628.54 523.50 15192.76 472 0.00470 2.46127 851.57 223.03 587 1.744 133.82
398 636.89 151.69 15344.45 472 0.00470 0.71318 850.86 213.97 587 1.744 128.38
401 658.45 178.23 15522.68 472 0.00470 0.83796 850.02 191.57 587 1.744 114.94
403 661.11 80.74 15603.42 472 0.00470 0.37961 849.64 188.53 587 1.744 113.12 Air Valve No.10, No.11
406 658.31 151.82 15755.24 472 0.00470 0.71379 848.93 190.62 587 1.744 114.37
408 651.13 136.74 15891.98 472 0.00470 0.64289 848.28 197.15 587 1.744 118.29
412 644.70 274.94 16166.92 472 0.00470 1.29265 846.99 202.29 587 1.744 121.37
416 649.39 231.04 16397.96 472 0.00470 1.08625 845.90 196.51 587 1.744 117.91 Air Valve No.12
417 648.70 38.68 16436.64 472 0.00470 0.18186 845.72 197.02 587 1.744 118.21
419 643.15 81.25 16517.89 472 0.00470 0.38200 845.34 202.19 587 1.744 121.31
420 639.60 94.82 16612.71 472 0.00470 0.44580 844.89 205.29 587 1.744 123.18
436 630.97 859.80 17472.51 472 0.00470 4.04241 840.85 209.88 587 1.744 125.93
439 633.60 162.16 17634.67 472 0.00470 0.76241 840.09 206.49 587 1.744 123.89
441 635.50 125.64 17760.31 472 0.00470 0.59071 839.50 204.00 587 1.744 122.40 Air Valve No.13
443 634.70 80.00 17840.31 472 0.00470 0.37613 839.12 204.42 587 1.744 122.65
445 630.90 181.81 18022.12 472 0.00470 0.85479 838.27 207.37 587 1.744 124.42
463 626.43 1038.93 19061.05 472 0.00470 4.88461 833.38 206.95 587 1.744 124.17
464 625.04 47.61 19108.66 472 0.00470 0.22384 833.16 208.12 587 1.744 124.87
498 611.80 1944.07 21052.73 472 0.00470 9.14019 824.02 212.22 587 1.744 127.33
505 613.56 391.17 21443.90 472 0.00470 1.83911 822.18 208.62 587 1.744 125.17 Air Valve No.14
510 612.50 319.37 21763.27 472 0.00470 1.50154 820.68 208.18 587 1.744 124.91
514 613.82 153.00 21916.27 472 0.00470 0.71934 819.96 206.14 587 1.744 123.68
541 628.07 1700.83 23617.10 472 0.00470 7.99658 811.96 183.89 587 1.744 110.34 Air Valve No.15
547 623.01 387.17 24004.27 472 0.00470 1.82031 810.14 187.13 587 1.744 112.28
567 628.60 1083.00 25087.27 472 0.00470 5.09180 805.05 176.45 587 1.744 105.87 Air Valve No.16
570 628.18 200.00 25287.27 472 0.00470 0.94031 804.11 175.93 587 1.744 105.56
580 627.60 490.00 25777.27 472 0.00470 2.30377 801.81 174.21 587 1.744 104.52
590 622.65 510.00 26287.27 472 0.00470 2.39780 799.41 176.76 587 1.744 106.06
610 612.90 1097.00 27384.27 472 0.00470 5.15763 794.25 181.35 587 1.744 108.81
612 612.44 105.72 27489.99 472 0.00470 0.49705 793.75 181.31 587 1.744 108.79
613 613.13 32.29 27522.28 472 0.00470 0.15181 793.60 180.47 587 1.744 108.28
615 621.83 81.33 27603.61 472 0.00470 0.38238 793.22 171.39 587 1.744 102.83
616 621.84 17.56 27621.17 472 0.00470 0.08256 793.14 171.30 587 1.744 102.78 Air Valve No.17
617 621.16 31.10 27652.27 472 0.00470 0.14622 792.99 171.83 587 1.744 103.10
619 614.76 87.00 27739.27 472 0.00470 0.40904 792.58 177.82 587 1.744 106.69

NP40

NP25

No.8-No.10 shall be
replaced by WAJ.
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Sta. Invert
Level or
G.L (m)

Parcial
Dist. (m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Internal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

621 614.30 131.00 27870.27 472 0.00470 0.61591 791.97 177.67 587 1.744 106.60
633 622.49 727.94 28598.21 472 0.00470 3.42246 788.54 166.05 587 1.744 99.63
634 622.60 50.77 28648.98 472 0.00470 0.23870 788.30 165.70 587 1.744 99.42
640 625.77 375.41 29024.39 472 0.00470 1.76502 786.54 160.77 587 1.744 96.46
653 635.62 683.25 29707.64 472 0.00470 3.21235 783.33 147.71 587 1.744 88.62
659 640.01 361.53 30069.17 472 0.00470 1.69976 781.63 141.62 587 1.744 84.97
664 645.87 301.24 30370.41 472 0.00470 1.41630 780.21 134.34 587 1.744 80.60
665 646.04 62.07 30432.48 472 0.00470 0.29183 779.92 133.88 587 1.744 80.33
667 650.49 130.28 30562.76 472 0.00470 0.61252 779.31 128.82 587 1.744 77.29
669 655.20 118.44 30681.20 472 0.00470 0.55685 778.75 123.55 587 1.744 74.13
670 655.89 49.33 30730.53 472 0.00470 0.23193 778.52 122.63 587 1.744 73.58
672 663.08 135.04 30865.57 472 0.00470 0.63490 777.88 114.80 587 1.744 68.88
673 663.80 45.07 30910.64 472 0.00470 0.21190 777.67 113.87 587 1.744 68.32 Air Valve No.18
675 656.22 109.93 31020.57 472 0.00470 0.51684 777.15 120.93 587 1.744 72.56
676 662.03 63.85 31084.42 472 0.00470 0.30020 776.85 114.82 587 1.744 68.89
680 664.64 167.88 31252.30 472 0.00470 0.78930 776.07 111.43 587 1.744 66.86 Air Valve No.19, No.20
681 664.59 14.28 31266.58 472 0.00470 0.06714 776.00 111.41 587 1.744 66.84
682 661.23 72.04 31338.62 472 0.00470 0.33870 775.66 114.43 587 1.744 68.66
684 647.38 118.51 31457.13 472 0.00470 0.55718 775.10 127.72 587 1.744 76.63
687 636.29 199.96 31657.09 472 0.00470 0.94013 774.16 137.87 587 1.744 82.72
695 625.56 408.07 32065.16 472 0.00470 1.91857 772.24 146.68 587 1.744 88.01
696 625.58 3.79 32068.95 472 0.00470 0.01782 772.23 146.65 587 1.744 87.99
697 627.01 53.91 32122.86 472 0.00470 0.25346 771.97 144.96 587 1.744 86.98
698 633.33 83.83 32206.69 472 0.00470 0.39413 771.58 138.25 587 1.744 82.95
700 635.95 57.95 32264.64 472 0.00470 0.27246 771.31 135.36 587 1.744 81.21 Air Valve No.21
706 629.15 310.68 32575.32 472 0.00470 1.46068 769.84 140.69 587 1.744 84.42
710 635.68 246.68 32822.00 472 0.00470 1.15978 768.68 133.00 587 1.744 79.80 Air Valve No.22
712 633.77 110.54 32932.54 472 0.00470 0.51971 768.17 134.40 587 1.744 80.64
713 633.61 107.30 33039.84 472 0.00470 0.50448 767.66 134.05 587 1.744 80.43
715 637.04 66.05 33105.89 472 0.00470 0.31054 767.35 130.31 587 1.744 78.19 Air Valve No.23
720 633.77 414.15 33520.04 472 0.00470 1.94716 765.40 131.63 587 1.744 78.98
725 625.20 18.48 33538.52 472 0.00470 0.08689 765.32 140.12 587 1.744 84.07
728 634.95 190.47 33728.99 472 0.00470 0.89551 764.42 129.47 587 1.744 77.68
730 637.90 106.28 33835.27 472 0.00470 0.49968 763.92 126.02 587 1.744 75.61
735 653.47 287.55 34122.82 472 0.00470 1.35194 762.57 109.10 587 1.744 65.46
736 654.12 35.98 34158.80 472 0.00470 0.16916 762.40 108.28 587 1.744 64.97 Air Valve No.24
740 648.92 222.54 34381.34 472 0.00470 1.04629 761.35 112.43 587 1.744 67.46
743 648.73 151.22 34532.56 472 0.00470 0.71097 760.64 111.91 587 1.744 67.15
746 651.47 128.96 34661.52 472 0.00470 0.60631 760.04 108.57 587 1.744 65.14 Air Valve No.25
751 638.48 314.64 34976.16 472 0.00470 1.47930 758.56 120.08 587 1.744 72.05
752 637.24 74.71 35050.87 472 0.00470 0.35125 758.21 120.97 587 1.744 72.58
755 636.74 189.42 35240.29 472 0.00470 0.89057 757.32 120.58 587 1.744 72.35
757 633.49 104.60 35344.89 472 0.00470 0.49178 756.82 123.33 587 1.744 74.00
764 631.90 395.30 35740.19 472 0.00470 1.85853 754.96 123.06 587 1.744 73.84
767 634.25 159.08 35899.27 472 0.00470 0.74793 754.22 119.97 587 1.744 71.98
772 635.25 378.00 36277.27 472 0.00470 1.77719 752.44 117.19 587 1.744 70.31
773 636.72 30.00 36307.27 472 0.00470 0.14105 752.30 115.58 587 1.744 69.35
778 653.12 319.80 36627.07 472 0.00470 1.50356 750.80 97.68 587 1.744 58.61
782 653.69 257.40 36884.47 472 0.00470 1.21018 749.58 95.89 587 1.744 57.54
783 653.73 56.80 36941.27 472 0.00470 0.26705 749.32 95.59 587 1.744 57.35
786 670.23 165.00 37106.27 472 0.00470 0.77576 748.54 78.31 587 1.744 46.99 Air Valve No.26
793 642.66 401.00 37507.27 472 0.00470 1.88533 746.66 104.00 587 1.744 62.40
794 641.01 70.00 37577.27 472 0.00470 0.32911 746.33 105.32 587 1.744 63.19
796 642.66 120.00 37697.27 472 0.00470 0.56419 745.76 103.10 587 1.744 61.86
798 652.54 130.00 37827.27 472 0.00470 0.61120 745.15 92.61 587 1.744 55.57 Air Valve No.27
802 641.80 190.00 38017.27 472 0.00470 0.89330 744.26 102.46 587 1.744 61.48
808 650.22 360.00 38377.27 472 0.00470 1.69257 742.57 92.35 587 1.744 55.41 Air Valve No.28
813 642.72 188.85 38566.12 472 0.00470 0.88789 741.68 98.96 587 1.744 59.38
815 641.68 137.57 38703.69 472 0.00470 0.64680 741.03 99.35 587 1.744 59.61
823 625.71 437.00 39140.69 472 0.00470 2.05459 738.98 113.27 587 1.744 67.96
847 614.83 1415.58 40556.27 472 0.00470 6.65545 732.32 117.49 587 1.744 70.50
860 621.92 693.15 41249.42 472 0.00470 3.25890 729.06 107.14 587 1.744 64.29 Air Valve No.29
864 619.42 261.99 41511.41 472 0.00470 1.23177 727.83 108.41 587 1.744 65.05 Air Valve No.30
868 618.10 199.86 41711.27 472 0.00470 0.93966 726.89 108.79 587 1.744 65.27
872 610.05 248.00 41959.27 472 0.00470 1.16599 725.73 115.68 587 1.744 69.41
900 605.99 1660.31 43619.58 472 0.00470 7.80607 717.92 111.93 587 1.744 67.16
922 612.34 1237.63 44857.21 472 0.00470 5.81881 712.10 99.76 587 1.744 59.86 Air Valve No.31
929 609.79 309.89 45167.10 472 0.00470 1.45697 710.64 100.85 587 1.744 60.51
931 605.17 70.42 45237.52 472 0.00470 0.33108 710.31 105.14 587 1.744 63.09
940 609.31 551.39 45788.91 472 0.00470 2.59240 707.72 98.41 587 1.744 59.05
950 611.95 523.42 46312.33 472 0.00470 2.46090 705.26 93.31 587 1.744 55.99
961 615.54 584.17 46896.50 472 0.00470 2.74652 702.51 86.97 587 1.744 52.18 Air Valve No.32
966 614.11 222.52 47119.02 472 0.00470 1.04619 701.47 87.36 587 1.744 52.41
987 628.03 1301.61 48420.63 472 0.00470 6.11961 695.35 67.32 587 1.744 45.00
988 630.09 24.90 48445.53 472 0.00470 0.11707 695.23 65.14 587 1.744 45.00
992 633.09 215.76 48661.29 472 0.00470 1.01441 694.22 61.13 587 1.744 45.00 Air Valve No.33
995 631.24 134.54 48795.83 472 0.00470 0.63255 693.58 62.34 587 1.744 45.00
1024 660.00 756.86 49552.69 472 0.00470 3.55843 690.02 30.02 587 1.744 30.02 Air Valve No.34
1026 659.45 913.51 50466.20 472 0.00470 4.29493 685.73 26.28 587 1.744 26.28
1029 651.54 186.52 50652.72 472 0.00470 0.87694 684.85 33.31 587 1.744 33.31
1032 648.52 176.46 50829.18 472 0.00470 0.82964 684.02 35.50 587 1.744 35.50
1044 655.26 633.64 51462.82 472 0.00470 2.97910 681.04 25.78 587 1.744 25.78
1057 673.27 644.67 52107.49 472 0.00470 3.03096 678.01 4.74 587 1.744 4.74 Air Valve No.35, No.36
1066 648.55 491.25 52598.74 472 0.00470 2.30965 675.70 27.15 587 1.744 27.15
1067 648.87 38.42 52637.16 472 0.00470 0.18063 675.52 26.65 587 1.744 26.65

NP16
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Sta. Invert
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G.L (m)

Parcial
Dist. (m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
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Hydraulic
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Water
Hammer

(m)
Remark

1070 652.93 110.86 52748.02 472 0.00470 0.52122 675.00 22.07 587 1.744 22.07 Air Valve No.37
1074 651.09 206.47 52954.49 472 0.00470 0.97073 674.03 22.94 587 1.744 22.94
1079 641.93 307.83 53262.32 472 0.00470 1.44729 672.58 30.65 587 1.744 30.65
1084 638.50 278.39 53540.71 472 0.00470 1.30887 671.27 32.77 587 1.744 32.77
1086 640.03 105.71 53646.42 472 0.00470 0.49700 670.78 30.75 587 1.744 30.75 Air Valve No.38
1090 635.47 180.85 53827.27 472 0.00470 0.85028 669.93 34.46 587 1.744 34.46 Air Valve No.39
1093 635.30 147.62 53974.89 472 0.00470 0.69405 669.23 33.93 587 1.744 33.93
1096 632.74 168.10 54142.99 472 0.00470 0.79033 668.44 35.70 587 1.744 35.70
1098 627.46 54.90 54197.89 472 0.00470 0.25812 668.18 40.72 587 1.744 40.72 Air Valve No.40
1144 598.34 2641.78 56839.67 472 0.00470 12.42052 655.76 57.42 587 1.744 45.00
1189 585.85 2497.84 59337.51 472 0.00470 11.74378 644.02 58.17 587 1.744 45.00
1198 586.85 434.31 59771.82 472 0.00470 2.04194 641.98 55.13 587 1.744 45.00
1219 581.39 1027.40 60799.22 472 0.00470 4.83040 637.15 55.76 587 1.744 45.00
1229 590.71 503.77 61302.99 472 0.00470 2.36851 634.78 44.07 587 1.744 44.07 Air Valve No.41
1248 580.35 1001.72 62304.71 472 0.00470 4.70966 630.07 49.72 587 1.744 45.00
1250 583.03 83.75 62388.46 472 0.00470 0.39376 629.68 46.65 587 1.744 45.00 Air Valve No.42
1260 575.44 549.15 62937.61 472 0.00470 2.58187 627.09 51.65 587 1.744 45.00
1265 576.85 252.50 63190.11 472 0.00470 1.18715 625.91 49.06 587 1.744 45.00
1267 585.60 141.81 63331.92 472 0.00470 0.66673 625.24 39.64 587 1.744 39.64 Air Valve No.43
1273 573.00 255.35 63587.27 472 0.00470 1.20055 624.04 51.04 587 1.744 45.00
1281 575.67 209.04 63796.31 472 0.00470 0.98282 623.06 47.39 587 1.744 45.00
1283 580.46 143.46 63939.77 472 0.00470 0.67449 622.38 41.92 587 1.744 41.92
Khaw 611.00 317.50 64257.27 472 0.00470 1.49275 620.89 9.89 587 1.744 9.89
Total 302.11
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Hallabat-Khaw Transmission Pipeline

Total Flow: 1,700 m3/h Station G.L. 593.20 m

Hallabat Design Flow: 500 m3/h Reservoir L.W.L. 593.80 m

Coefficient of Roughness: 122 Pumping Head: 135.00 m (By Requested Capacity)
Sta. Invert

Level. (m)
Parcial
Dist.
(m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Nominal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

Tank 593.80 0.00 0.00 728.80 LWL594m
Pump 593.70 50.00 50.00 139 0.00051 0.02562 728.77 135.07 587 0.514 81.04 G.L.+0.5m, Pipeline 50m

1 591.92 50.00 100.00 139 0.00051 0.02562 728.75 136.83 587 0.514 82.10
2 591.79 75.00 175.00 139 0.00051 0.03842 728.71 136.92 587 0.514 82.15
3 592.25 25.00 200.00 139 0.00051 0.01281 728.70 136.45 587 0.514 81.87
4 592.09 25.00 225.00 139 0.00051 0.01281 728.68 136.59 587 0.514 81.96
5 592.47 75.00 300.00 139 0.00051 0.03842 728.65 136.18 587 0.514 81.71
6 593.12 25.00 325.00 139 0.00051 0.01281 728.63 135.51 587 0.514 81.31
7 593.07 100.00 425.00 139 0.00051 0.05123 728.58 135.51 587 0.514 81.31
8 592.42 150.00 575.00 139 0.00051 0.07685 728.51 136.09 587 0.514 81.65
9 593.09 225.00 800.00 139 0.00051 0.11527 728.39 135.30 587 0.514 81.18
10 593.27 50.00 850.00 139 0.00051 0.02562 728.36 135.09 587 0.514 81.06
11 593.53 25.00 875.00 139 0.00051 0.01281 728.35 134.82 587 0.514 80.89
12 593.68 25.00 900.00 139 0.00051 0.01281 728.34 134.66 587 0.514 80.80 Connection with Corridor Line
13 594.20 75.00 975.00 472 0.00492 0.36931 727.97 133.77 587 1.745 80.26
14 593.98 25.00 1000.00 472 0.00492 0.12310 727.85 133.87 587 1.745 80.32
15 594.73 25.00 1025.00 472 0.00492 0.12310 727.72 132.99 587 1.745 79.80
16 594.20 25.00 1050.00 472 0.00492 0.12310 727.60 133.40 587 1.745 80.04
17 594.56 125.00 1175.00 472 0.00492 0.61551 726.98 132.42 587 1.745 79.45
18 595.51 25.00 1200.00 472 0.00492 0.12310 726.86 131.35 587 1.745 78.81
19 594.58 25.00 1225.00 472 0.00492 0.12310 726.74 132.16 587 1.745 79.30
20 594.97 50.00 1275.00 472 0.00492 0.24621 726.49 131.52 587 1.745 78.91
21 597.19 425.00 1700.00 472 0.00492 2.09275 724.40 127.21 587 1.745 76.33
22 597.48 25.00 1725.00 472 0.00492 0.12310 724.28 126.80 587 1.745 76.08
23 597.65 100.00 1825.00 472 0.00492 0.49241 723.78 126.13 587 1.745 75.68
24 597.54 25.00 1850.00 472 0.00492 0.12310 723.66 126.12 587 1.745 75.67
25 598.91 275.00 2125.00 472 0.00492 1.35413 722.31 123.40 587 1.745 74.04
26 598.62 50.00 2175.00 472 0.00492 0.24621 722.06 123.44 587 1.745 74.06
27 602.47 175.00 2350.00 472 0.00492 0.86172 721.20 118.73 587 1.745 71.24
28 602.75 25.00 2375.00 472 0.00492 0.12310 721.08 118.33 587 1.745 71.00
29 603.75 125.00 2500.00 472 0.00492 0.61551 720.46 116.71 587 1.745 70.03 Air Valve No.1
30 604.18 75.00 2575.00 472 0.00492 0.36931 720.09 115.91 587 1.745 69.55
31 601.86 150.00 2725.00 472 0.00492 0.73862 719.35 117.49 587 1.745 70.50
32 601.32 50.00 2775.00 472 0.00492 0.24621 719.11 117.79 587 1.745 70.67
33 601.64 50.00 2825.00 472 0.00492 0.24621 718.86 117.22 587 1.745 70.33
34 601.47 25.00 2850.00 472 0.00492 0.12310 718.74 117.27 587 1.745 70.36
35 602.06 75.00 2925.00 472 0.00492 0.36931 718.37 116.31 587 1.745 69.78
36 602.50 125.00 3050.00 472 0.00492 0.61551 717.75 115.25 587 1.745 69.15
37 602.83 75.00 3125.00 472 0.00492 0.36931 717.38 114.55 587 1.745 68.73
38 602.87 25.00 3150.00 472 0.00492 0.12310 717.26 114.39 587 1.745 68.63
39 603.78 100.00 3250.00 472 0.00492 0.49241 716.77 112.99 587 1.745 67.79
40 603.80 75.00 3325.00 472 0.00492 0.36931 716.40 112.60 587 1.745 67.56
41 603.35 125.00 3450.00 472 0.00492 0.61551 715.78 112.43 587 1.745 67.46
42 602.90 50.00 3500.00 472 0.00492 0.24621 715.54 112.64 587 1.745 67.58
43 603.33 25.00 3525.00 472 0.00492 0.12310 715.41 112.08 587 1.745 67.25
44 601.04 25.00 3550.00 472 0.00492 0.12310 715.29 114.25 587 1.745 68.55
45 600.03 50.00 3600.00 472 0.00492 0.24621 715.04 115.01 587 1.745 69.01
46 601.07 25.00 3625.00 472 0.00492 0.12310 714.92 113.85 587 1.745 68.31
47 600.03 25.00 3650.00 472 0.00492 0.12310 714.80 114.77 587 1.745 68.86
48 600.32 25.00 3675.00 472 0.00492 0.12310 714.67 114.35 587 1.745 68.61
49 602.60 50.00 3725.00 472 0.00492 0.24621 714.43 111.83 587 1.745 67.10
50 602.88 50.00 3775.00 472 0.00492 0.24621 714.18 111.30 587 1.745 66.78
51 603.93 50.00 3825.00 472 0.00492 0.24621 713.94 110.01 587 1.745 66.00
52 603.88 25.00 3850.00 472 0.00492 0.12310 713.81 109.93 587 1.745 65.96
53 602.57 75.00 3925.00 472 0.00492 0.36931 713.44 110.87 587 1.745 66.52
54 606.97 100.00 4025.00 472 0.00492 0.49241 712.95 105.98 587 1.745 63.59
55 607.05 25.00 4050.00 472 0.00492 0.12310 712.83 105.78 587 1.745 63.47 Air Valve No.2
56 606.09 50.00 4100.00 472 0.00492 0.24621 712.58 106.49 587 1.745 63.90
57 605.16 25.00 4125.00 472 0.00492 0.12310 712.46 107.30 587 1.745 64.38
58 604.91 25.00 4150.00 472 0.00492 0.12310 712.34 107.43 587 1.745 64.46
59 606.28 150.00 4300.00 472 0.00492 0.73862 711.60 105.32 587 1.745 63.19
60 607.38 50.00 4350.00 472 0.00492 0.24621 711.35 103.97 587 1.745 62.38
61 605.94 75.00 4425.00 472 0.00492 0.36931 710.98 105.04 587 1.745 63.02
62 606.23 50.00 4475.00 472 0.00492 0.24621 710.74 104.51 587 1.745 62.70
63 606.24 50.00 4525.00 472 0.00492 0.24621 710.49 104.25 587 1.745 62.55
64 606.06 75.00 4600.00 472 0.00492 0.36931 710.12 104.06 587 1.745 62.44
65 607.04 25.00 4625.00 472 0.00492 0.12310 710.00 102.96 587 1.745 61.77
66 606.93 75.00 4700.00 472 0.00492 0.36931 709.63 102.70 587 1.745 61.62
67 608.36 50.00 4750.00 472 0.00492 0.24621 709.38 101.02 587 1.745 60.61
68 607.80 50.00 4800.00 472 0.00492 0.24621 709.13 101.33 587 1.745 60.80
69 610.46 100.00 4900.00 472 0.00492 0.49241 708.64 98.18 587 1.745 58.91
70 611.04 75.00 4975.00 472 0.00492 0.36931 708.27 97.23 587 1.745 58.34
71 612.64 175.00 5150.00 472 0.00492 0.86172 707.41 94.77 587 1.745 56.86
72 612.65 25.00 5175.00 472 0.00492 0.12310 707.29 94.64 587 1.745 56.78
73 615.25 125.00 5300.00 472 0.00492 0.61551 706.67 91.42 587 1.745 54.85
74 614.59 100.00 5400.00 472 0.00492 0.49241 706.18 91.59 587 1.745 54.95
75 617.04 150.00 5550.00 472 0.00492 0.73862 705.44 88.40 587 1.745 53.04
76 616.66 50.00 5600.00 472 0.00492 0.24621 705.20 88.54 587 1.745 53.12
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Sta. Invert
Level. (m)

Parcial
Dist.
(m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Nominal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

77 621.98 150.00 5750.00 472 0.00492 0.73862 704.46 82.48 587 1.745 49.49 Air Valve No.3
78 621.71 25.00 5775.00 472 0.00492 0.12310 704.33 82.62 587 1.745 49.57
79 621.83 25.00 5800.00 472 0.00492 0.12310 704.21 82.38 587 1.745 49.43
80 620.16 75.00 5875.00 472 0.00492 0.36931 703.84 83.68 587 1.745 50.21
81 619.98 75.00 5950.00 472 0.00492 0.36931 703.47 83.49 587 1.745 50.10
82 622.46 150.00 6100.00 472 0.00492 0.73862 702.73 80.27 587 1.745 48.16
83 622.85 75.00 6175.00 472 0.00492 0.36931 702.36 79.51 587 1.745 47.71
84 625.63 125.00 6300.00 472 0.00492 0.61551 701.75 76.12 587 1.745 45.67
85 627.37 175.00 6475.00 472 0.00492 0.86172 700.89 73.52 587 1.745 45.00
86 633.59 125.00 6600.00 472 0.00492 0.61551 700.27 66.68 587 1.745 45.00
87 633.94 25.00 6625.00 472 0.00492 0.12310 700.15 66.21 587 1.745 45.00 Air Valve No.4
88 626.65 150.00 6775.00 472 0.00492 0.73862 699.41 72.76 587 1.745 45.00
89 626.99 75.00 6850.00 472 0.00492 0.36931 699.04 72.05 587 1.745 45.00
90 626.65 25.00 6875.00 472 0.00492 0.12310 698.92 72.27 587 1.745 45.00
91 632.30 225.00 7100.00 472 0.00492 1.10793 697.81 65.51 587 1.745 45.00
92 632.54 25.00 7125.00 472 0.00492 0.12310 697.69 65.15 587 1.745 45.00
93 631.08 50.00 7175.00 472 0.00492 0.24621 697.44 66.36 587 1.745 45.00
94 632.05 100.00 7275.00 472 0.00492 0.49241 696.95 64.90 587 1.745 45.00
95 634.22 100.00 7375.00 472 0.00492 0.49241 696.46 62.24 587 1.745 45.00
96 633.77 50.00 7425.00 472 0.00492 0.24621 696.21 62.44 587 1.745 45.00
97 635.66 75.00 7500.00 472 0.00492 0.36931 695.84 60.18 587 1.745 45.00
98 637.26 25.00 7525.00 472 0.00492 0.12310 695.72 58.46 587 1.745 45.00
99 642.82 200.00 7725.00 472 0.00492 0.98482 694.73 51.91 587 1.745 45.00
100 642.79 25.00 7750.00 472 0.00492 0.12310 694.61 51.82 587 1.745 45.00
101 641.70 125.00 7875.00 472 0.00492 0.61551 693.99 52.29 587 1.745 45.00
102 644.05 163.00 8038.00 472 0.00492 0.80263 693.19 49.14 587 1.745 45.00
103 653.25 350.00 8388.00 472 0.00492 1.72344 691.47 38.22 587 1.745 38.22
104 653.28 125.00 8513.00 472 0.00492 0.61551 690.85 37.57 587 1.745 37.57
105 662.65 325.00 8838.00 472 0.00492 1.60034 689.25 26.60 587 1.745 26.60 Air Valve No.5
106 650.59 503.00 9341.00 472 0.00492 2.47683 686.77 36.18 587 1.745 36.18
107 664.70 497.00 9838.00 472 0.00492 2.44729 684.33 19.63 587 1.745 19.63
108 672.56 510.00 10348.00 472 0.00492 2.51130 681.82 9.26 587 1.745 9.26
109 672.40 65.00 10413.00 472 0.00492 0.32007 681.50 9.10 587 1.745 9.10
110 675.84 50.00 10463.00 472 0.00492 0.24621 681.25 5.41 587 1.745 5.41
111 675.92 125.00 10588.00 472 0.00492 0.61551 680.63 4.71 587 1.745 4.71
112 678.48 75.00 10663.00 472 0.00492 0.36931 680.26 1.78 587 1.745 1.78 Air Valve No.6
113 651.74 425.00 11088.00 472 0.00492 2.09275 678.17 26.43 587 1.745 26.43
114 652.16 75.00 11163.00 472 0.00492 0.36931 677.80 25.64 587 1.745 25.64
115 655.51 75.00 11238.00 472 0.00492 0.36931 677.43 21.92 587 1.745 21.92
116 655.63 150.00 11388.00 472 0.00492 0.73862 676.69 21.06 587 1.745 21.06 Air Valve No.7
117 642.88 500.00 11888.00 472 0.00492 2.46206 674.23 31.35 587 1.745 31.35
118 641.70 150.00 12038.00 472 0.00492 0.73862 673.49 31.79 587 1.745 31.79
119 644.99 125.00 12163.00 472 0.00492 0.61551 672.88 27.89 587 1.745 27.89 Air Valve No.8
120 637.45 225.00 12388.00 472 0.00492 1.10793 671.77 34.32 587 1.745 34.32
121 638.28 75.00 12463.00 472 0.00492 0.36931 671.40 33.12 587 1.745 33.12 Air Valve No.9
122 628.72 275.00 12738.00 472 0.00492 1.35413 670.05 41.33 587 1.745 41.33
123 615.87 1250.00 13988.00 472 0.00492 6.15514 663.89 48.02 587 1.745 45.00 Air Valve No.10
124 603.13 1195.60 15183.60 472 0.00492 5.88727 658.00 54.87 587 1.745 45.00
125 597.99 801.40 15985.00 472 0.00492 3.94619 654.06 56.07 587 1.745 45.00
126 599.39 71.00 16056.00 472 0.00492 0.34961 653.71 54.32 587 1.745 45.00 Air Valve No.11
127 597.57 79.00 16135.00 472 0.00492 0.38901 653.32 55.75 587 1.745 45.00
128 595.93 275.00 16410.00 472 0.00492 1.35413 651.97 56.04 587 1.745 45.00
129 594.88 75.00 16485.00 472 0.00492 0.36931 651.60 56.72 587 1.745 45.00
130 594.88 100.00 16585.00 472 0.00492 0.49241 651.10 56.22 587 1.745 45.00
131 590.20 925.00 17510.00 472 0.00492 4.55481 646.55 56.35 587 1.745 45.00
132 591.55 75.00 17585.00 472 0.00492 0.36931 646.18 54.63 587 1.745 45.00 Air Valve No.12
133 589.64 75.00 17660.00 472 0.00492 0.36931 645.81 56.17 587 1.745 45.00
134 588.97 75.00 17735.00 472 0.00492 0.36931 645.44 56.47 587 1.745 45.00
135 588.83 50.00 17785.00 472 0.00492 0.24621 645.20 56.37 587 1.745 45.00
136 588.53 25.00 17810.00 472 0.00492 0.12310 645.07 56.54 587 1.745 45.00
137 588.67 75.00 17885.00 472 0.00492 0.36931 644.70 56.03 587 1.745 45.00
138 588.89 50.00 17935.00 472 0.00492 0.24621 644.46 55.57 587 1.745 45.00
139 588.50 25.00 17960.00 472 0.00492 0.12310 644.33 55.83 587 1.745 45.00
140 589.36 325.00 18285.00 472 0.00492 1.60034 642.73 53.37 587 1.745 45.00
141 588.80 175.00 18460.00 472 0.00492 0.86172 641.87 53.07 587 1.745 45.00
142 587.56 45.00 18505.00 472 0.00492 0.22159 641.65 54.09 587 1.745 45.00
143 588.91 105.00 18610.00 472 0.00492 0.51703 641.13 52.22 587 1.745 45.00
144 586.19 75.00 18685.00 472 0.00492 0.36931 640.76 54.57 587 1.745 45.00
145 587.23 75.00 18760.00 472 0.00492 0.36931 640.39 53.16 587 1.745 45.00
146 587.03 100.00 18860.00 472 0.00492 0.49241 639.90 52.87 587 1.745 45.00
147 585.80 150.00 19010.00 472 0.00492 0.73862 639.16 53.36 587 1.745 45.00
148 586.18 25.00 19035.00 472 0.00492 0.12310 639.04 52.86 587 1.745 45.00
149 586.53 200.00 19235.00 472 0.00492 0.98482 638.06 51.53 587 1.745 45.00
150 586.40 25.00 19260.00 472 0.00492 0.12310 637.93 51.53 587 1.745 45.00
151 588.17 100.00 19360.00 472 0.00492 0.49241 637.44 49.27 587 1.745 45.00
152 587.78 100.00 19460.00 472 0.00492 0.49241 636.95 49.17 587 1.745 45.00
153 585.57 50.00 19510.00 472 0.00492 0.24621 636.70 51.13 587 1.745 45.00
154 588.95 100.00 19610.00 472 0.00492 0.49241 636.21 47.26 587 1.745 45.00
155 588.46 75.00 19685.00 472 0.00492 0.36931 635.84 47.38 587 1.745 45.00
156 593.21 100.00 19785.00 472 0.00492 0.49241 635.35 42.14 587 1.745 42.14
157 593.37 25.00 19810.00 472 0.00492 0.12310 635.22 41.85 587 1.745 41.85 Air Valve No.13
158 587.36 375.00 20185.00 472 0.00492 1.84654 633.38 46.02 587 1.745 45.00
159 586.03 25.00 20210.00 472 0.00492 0.12310 633.25 47.22 587 1.745 45.00
160 589.61 100.00 20310.00 472 0.00492 0.49241 632.76 43.15 587 1.745 43.15
161 583.58 275.00 20585.00 472 0.00492 1.35413 631.41 47.83 587 1.745 45.00
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Sta. Invert
Level. (m)

Parcial
Dist.
(m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Nominal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

162 583.16 100.00 20685.00 472 0.00492 0.49241 630.92 47.76 587 1.745 45.00
163 583.69 25.00 20710.00 472 0.00492 0.12310 630.79 47.10 587 1.745 45.00
164 582.76 25.00 20735.00 472 0.00492 0.12310 630.67 47.91 587 1.745 45.00
165 584.18 150.00 20885.00 472 0.00492 0.73862 629.93 45.75 587 1.745 45.00
166 584.98 25.00 20910.00 472 0.00492 0.12310 629.81 44.83 587 1.745 44.83
167 584.91 25.00 20935.00 472 0.00492 0.12310 629.68 44.77 587 1.745 44.77
168 581.24 134.00 21069.00 472 0.00492 0.65983 629.02 47.78 587 1.745 45.00
169 579.43 291.00 21360.00 472 0.00492 1.43292 627.59 48.16 587 1.745 45.00
170 578.03 54.00 21414.00 472 0.00492 0.26590 627.33 49.30 587 1.745 45.00
171 580.27 71.00 21485.00 472 0.00492 0.34961 626.98 46.71 587 1.745 45.00
172 580.50 75.00 21560.00 472 0.00492 0.36931 626.61 46.11 587 1.745 45.00
173 579.59 150.00 21710.00 472 0.00492 0.73862 625.87 46.28 587 1.745 45.00
174 586.41 125.50 21835.50 472 0.00492 0.61798 625.25 38.84 587 1.745 38.84 Air Valve No.14
175 582.27 109.50 21945.00 472 0.00492 0.53919 624.71 42.44 587 1.745 42.44
176 579.64 64.50 22009.50 472 0.00492 0.31761 624.39 44.75 587 1.745 44.75
177 581.11 85.50 22095.00 472 0.00492 0.42101 623.97 42.86 587 1.745 42.86
178 587.77 100.00 22195.00 472 0.00492 0.49241 623.48 35.71 587 1.745 35.71
179 587.99 25.00 22220.00 472 0.00492 0.12310 623.36 35.37 587 1.745 35.37
180 587.29 25.00 22245.00 472 0.00492 0.12310 623.23 35.94 587 1.745 35.94
181 588.75 50.00 22295.00 472 0.00492 0.24621 622.99 34.24 587 1.745 34.24
182 585.91 200.00 22495.00 472 0.00492 0.98482 622.00 36.09 587 1.745 36.09
183 593.95 125.00 22620.00 472 0.00492 0.61551 621.39 27.44 587 1.745 27.44
184 594.54 25.00 22645.00 472 0.00492 0.12310 621.26 26.72 587 1.745 26.72 Air Valve No.15
185 588.29 100.00 22745.00 472 0.00492 0.49241 620.77 32.48 587 1.745 32.48

Khaw 612.50 79.35 22824.35 472 0.00492 0.39073 620.38 7.88 587 1.745 7.88 Inlet Level=612.5m
Total 108.4
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Zarqa Pumping Station - Batrawi Reservoir New Pipeline

Zarqa Station G.L. 565.00 m Batrawi Tank G.L. 635.20 m

Design Flow: 800 m3/h Zarqa Reservoir L.W.L. 570.30 m Batrawi Tank HWL 654.00 m

Coefficient of Roughness: 110 Pumping Head: 90.00 m
Sta. Ground

Level. (m)
Parcial
Dist.
(m)

Accum.
Dist.
(m)

Flow
（L/s）

Hydraulic
Grade

Friction
Head Loss

（m）

Hydraulic
Grade Line

(m)

Dynamic
Head
(m)

Nominal
Dia.
(mm)

Velocity
(m/s)

Water
Hammer

(m)
Remark

Tank 570.30 0.00 0.00 660.30 LWL:570.3m
Pump 565.50 120.00 120.00 222 0.00129 0.15532 660.14 94.64 603 0.777 56.79 G.L.+0.5m, Pipeline 120m

1 566.18 50.00 170.00 222 0.00129 0.06471 660.08 93.90 603 0.777 56.34
2 565.93 50.00 220.00 222 0.00129 0.06471 660.02 94.09 603 0.777 56.45
3 565.90 2.59 222.59 222 0.00129 0.00335 660.01 94.11 603 0.777 56.47
4 565.85 50.33 272.92 222 0.00129 0.06514 659.95 94.10 603 0.777 56.46
5 568.75 47.08 320.00 222 0.00129 0.06094 659.89 91.14 603 0.777 54.68
6 572.00 55.27 375.27 222 0.00129 0.07154 659.81 87.81 603 0.777 52.69
7 573.36 21.00 396.27 222 0.00129 0.02718 659.79 86.43 603 0.777 51.86
8 574.90 23.73 420.00 222 0.00129 0.03071 659.76 84.86 603 0.777 50.91
9 578.09 50.00 470.00 222 0.00129 0.06471 659.69 81.60 603 0.777 48.96
10 581.20 50.00 520.00 222 0.00129 0.06471 659.63 78.43 603 0.777 47.06
11 584.07 50.00 570.00 222 0.00129 0.06471 659.56 75.49 603 0.777 45.30
12 585.32 16.17 586.17 222 0.00129 0.02093 659.54 74.22 603 0.777 45.00
13 588.75 33.83 620.00 222 0.00129 0.04379 659.50 70.75 603 0.777 45.00
14 592.77 41.57 661.57 222 0.00129 0.05380 659.44 66.67 603 0.777 45.00
15 593.40 8.43 670.00 222 0.00129 0.01091 659.43 66.03 603 0.777 45.00
16 595.65 50.00 720.00 222 0.00129 0.06471 659.37 63.72 603 0.777 45.00
17 596.90 26.32 746.32 222 0.00129 0.03407 659.33 62.43 603 0.777 45.00
18 597.60 23.68 770.00 222 0.00129 0.03065 659.30 61.70 603 0.777 45.00
19 598.50 26.66 796.66 222 0.00129 0.03451 659.27 60.77 603 0.777 45.00
20 600.20 23.34 820.00 222 0.00129 0.03021 659.24 59.04 603 0.777 45.00
21 604.20 51.25 871.25 222 0.00129 0.06633 659.17 54.97 603 0.777 45.00
22 607.47 48.75 920.00 222 0.00129 0.06310 659.11 51.64 603 0.777 45.00
23 610.83 50.00 970.00 222 0.00129 0.06471 659.04 48.21 603 0.777 45.00
24 614.19 50.00 1020.00 222 0.00129 0.06471 658.98 44.79 603 0.777 44.79
25 617.35 46.90 1066.90 222 0.00129 0.06070 658.92 41.57 603 0.777 41.57
26 617.57 22.28 1089.18 222 0.00129 0.02884 658.89 41.32 603 0.777 41.32
27 617.70 20.55 1109.73 222 0.00129 0.02660 658.86 41.16 603 0.777 41.16
28 617.40 10.27 1120.00 222 0.00129 0.01329 658.85 41.45 603 0.777 41.45
29 616.37 50.00 1170.00 222 0.00129 0.06471 658.79 42.42 603 0.777 42.42
30 615.35 50.00 1220.00 222 0.00129 0.06471 658.72 43.37 603 0.777 43.37
31 614.36 50.00 1270.00 222 0.00129 0.06471 658.66 44.30 603 0.777 44.30
32 613.41 50.00 1320.00 222 0.00129 0.06471 658.59 45.18 603 0.777 45.00
33 613.77 44.25 1364.25 222 0.00129 0.05727 658.53 44.76 603 0.777 44.76
34 613.51 30.75 1395.00 222 0.00129 0.03980 658.49 44.98 603 0.777 44.98
35 614.11 25.00 1420.00 222 0.00129 0.03236 658.46 44.35 603 0.777 44.35
36 615.93 50.00 1470.00 222 0.00129 0.06471 658.40 42.47 603 0.777 42.47
37 617.80 50.00 1520.00 222 0.00129 0.06471 658.33 40.53 603 0.777 40.53
38 619.64 50.00 1570.00 222 0.00129 0.06471 658.27 38.63 603 0.777 38.63
39 621.48 50.00 1620.00 222 0.00129 0.06471 658.20 36.72 603 0.777 36.72
40 623.33 50.00 1670.00 222 0.00129 0.06471 658.14 34.81 603 0.777 34.81
41 625.17 50.00 1720.00 222 0.00129 0.06471 658.07 32.90 603 0.777 32.90
42 626.40 50.00 1770.00 222 0.00129 0.06471 658.01 31.61 603 0.777 31.61
43 627.70 50.00 1820.00 222 0.00129 0.06471 657.94 30.24 603 0.777 30.24
44 628.97 50.00 1870.00 222 0.00129 0.06471 657.88 28.91 603 0.777 28.91
45 630.28 50.00 1920.00 222 0.00129 0.06471 657.81 27.53 603 0.777 27.53
46 631.59 50.00 1970.00 222 0.00129 0.06471 657.75 26.16 603 0.777 26.16
47 632.90 50.00 2020.00 222 0.00129 0.06471 657.69 24.79 603 0.777 24.79
48 634.00 50.85 2070.85 222 0.00129 0.06581 657.62 23.62 603 0.777 23.62
49 635.20 5.40 2076.25 222 0.00129 0.00699 657.61 22.41 603 0.777 22.41

Tank 654.00 100.00 2176.25 222 0.00129 0.12943 657.48 3.48 603 0.777 3.48 Tank HWL 654
Total 2.8

A-88



Azraq-Khaw Transmission Pipeline

500.00

550.00

600.00

650.00

700.00

750.00

800.00

850.00

900.00

950.00

1000.00

0 10000 20000 30000 40000 50000 60000 70000

Distance(m)

E
le

va
ti
o
n
(m

)

Invert Level or G.L (m)

Hydraulic Grade Line (m)

Khaw Res.
(Inlet=611)

Azraq Res.
(LWL=563)

1,700m
3
/h

Highest Point.
(Invert Level=673)

A
-
8
9



Hallabat-Khaw Transmission Pipeline
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Zarqa  Station - Batrawi Reservoir Transmission Pipeline
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Khaw-Amman Transmission Pipeline
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6-2  Index of Program Effects 

1.Acquisition of Baseline Data 

(1) Efficiency of pumps 

Pump efficiency (ηp) is expressed as the ratio of available energy provided to the water by the pump 
(water power, Pw) to the power provided externally to the pump shaft (shaft power, P) per time unit. 

Pump efficiency (ηp) = PW / P × 100 (%),  
where: 
Water power (PW) = 0.163 × γ × Q × H (kW) 
P: Shaft power of pump (kW) 
Q:  Discharge (m3/m) 
H: Total head (m) and  
γ: Density of liquid (in the case of water: 1) 

 

 

 

 

  

Figure 1.1  Schematic diagram of pump power transmission 

The waterpower of an operating pump can be calculated by measuring the discharge (Q) and total head 
(H). The maximum efficiency of the pump varies depending on the specific speed (Ns), capacity and 
type/model. Table 1.1 shows the efficiency to be achieved by pumps specified in the Japanese 
Industrial Standards. Figure 1.2 shows the reference values for the maximum efficiency of various 
types of pumps. 

 
Table 1.1  Specified values of pump efficiency (for dual suction centrifugal pumps) 

Discharge 
(m3/min) 2 3 4 5 6 8 10 15 20 30 40 50 60 70 

Efficiency A 
(%) 67 70 71 72 73 74 75 76 77 78 78.5 79 79.5 80 

Efficiency B 
(%) 57 59 60 61 61.5 62.5 63 64 65 66 66.5 67 67.5 68 

Efficiency A: Maximum efficiency of pump  
Efficiency B: Efficiency of pump at specified discharge 

Water power (Pw) 

Control panel/Wattmeter 
Motor Pump ﾟ

：Flow of energy 

Shaft power (P) 

Electric power 

(input) 
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Figure 1.2  Relationship between discharge and efficiency of pump 
 
(2) Output and power factor of motor 

Motor output can be calculated by the following equation: 

Output of motor (P) = √3 × V × I × cosθ 
where 

V: Voltage (V) 
I: Line current (A) and 

  cosθ:  Power factor = 0.70 – 0.90 

The power factor is determined by active power (kW) and reactive power (kvar). In the case of an 
induction motor, the power source also supplies reactive power.  

In general, the power factor decreases as the number of poles increases or output decreases with the 
same number of poles. As in the case of efficiency, the power factor decreases as the load decreases.   

In this survey, the actual output of each motor at the pumping stations concerned was calculated by the 
power factor given on the rating plate and the measured voltage and current. As each pump is directly 
linked to a motor, the actual output of the motor is considered equivalent to the power provided to the 
pump shaft. The efficiency of the pump was calculated by the shaft power thus obtained. 

Figure 3 shows examples of the relationship between the output and the power factor of three-phase 
induction motors operated at full load. 

 

Source: Manual for Pumps for Water Works (1992 Japan Water Works

E
fficiency (%

) 

(Centrifugal and centrifugal/mixed-flow 
(Centrifugal/mixed-flow 

(Mixed-flow 
(Mixed-flow 

Discharge (m3/min) 
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Figure 1.3  Examples of the relationship between output and power factor 
of three-phase induction motors 

 

(3) Expected Program effects 

Replacement of the pumping facilities in this Program will improve the efficiency of the pumps, which 
in turn means increased efficiency of the conversion of “power provided to the motors (electricity 
consumption: kWh)” to “energy to transmit water (water power: Pw)”. The improved efficiency in this 
Program is expected to produce the following effects. 

1) Reduction in electricity consumption as a result of the replacement of the pumps 
2) Improvement in basic unit electricity consumption (consumed electricity (kWh) / pump discharge 

(m3)) 

 

(4) Acquisition of baseline data 

The actual electricity consumed by the operating pumps and the discharge during operation were 
measured at the pumping stations included in the request and used in the analysis to obtain the 
baseline data. 

 

Source: Manual for Pumps for Water Works (1992 Japan Water Works Association)
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Table 1.2  Baseline data of the pumping stations included in the request 
[Azraq Pumping Station] 
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1st: Old 
PS 

1,115 260 1525 644 787 0.87 1,480 53% 1.33 Pumps Nos. 4 
& 6, Old PS 

1st: New 
PS 

372 260 686 382 262 0.93 422 62% 1.14 Pump No.3, 
New PS 

Subtotal 1,486    1,050  1,902    
2nd: Old 
PS 

1,113 259 1532 641 784 0.87 1480 53% 1.33 Pumps Nos. 4 
& 6, Old PS 

2nd: New 
PS 

371 259 722 380 261 0.93 442 59% 1.19 Pump No.3, 
New PS 

Subtotal 1,484    1,045  1,922    
Average        57% 1.25  
 
Note: ① Discharge (m3/h): The total discharge from two pumps in the old pumping station and one pump in the 

new pumping station were measured with an ultrasonic flow meter installed on the 
pipe on the discharge side.  For the calculation, the total discharge was divided into 
discharge from the old and the new stations, respectively, using the measurements 
made by GTZ as reference. 

② Total head (m): Measured with a pressure data logger installed on the pipe on the discharge side 
③ Current (A): The effective value of the current was measured with an AC clamp meter. 
④ Voltage (V): Readings on the voltage meters on the power distribution panel of the pumps 
⑤ Water power (kW): Water power = 0.163 × density of water (1.0) × ① Discharge (converted to m3/m) × 

② Total head 
⑥ Power factor of motor: Given on the rating plates of the pumps 
⑦ Output of motor (kW): √3 × ④ Voltage V × ③ Current A × ⑥ Power factor of pump 
⑧ Efficiency (%): ⑤ Water power (kW) ÷ ⑦ Output of motor (kW) 
⑨ Basic unit electricity consumption for water transmission: ⑦ Output of motor kW ÷ ① Discharge m3/h  

 

[Hallabat Pumping Station] 
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1st 460 133 445 408 166 0.90 283 59 0.62  
2nd 460 133 443 408 166 0.90 282 59 0.61  
3rd 460 120 448 408 150 0.90 285 53 0.62  

Average        57 0.62  
Note ① Discharge (m3/h): Deduced from the measurements made by GTZ because the measurements by the 

ultrasonic flow meter were unstable 
② – ⑨: Same as above 
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2. Carbon dioxide (CO2) emissions 

At the existing pumping stations, the control panels for the pumping facilities are not equipped with 
wattmeters exclusively for the pumps. Thus, the readings on the existing wattmeters include electricity 
consumed by equipment other than the pumps and it is impossible to know precisely the amount of 
electricity consumed by the pumps alone.   

Therefore, a (three‐phase/three-wire) wattmeter will be installed for each pump on the control panels 
for the pumping facilities to be procured in this Program to facilitate monitoring of electricity 
consumption.  

(6) Effects as measures against climate change 

Carbon dioxide (CO2) emissions will be the index for achievement of the effects of this Program.  At 
Azraq, Hallabat and Zarqa Pumping Stations, where the existing pumping facilities are to be replaced, 
“the amount of reduction in CO2 emissions calculated from the amount of reduction in electricity 
consumption resulting from the replacement of the pumping facilities” will be obtained. 

Table 2.1  Index of the effects of the Program 
Baseline data of 

index Details of baseline data 

Baseline 
emissions 

CO2 emissions if the Program is not implemented 
→ Emissions calculated from the electricity consumption under continued operation 
of the existing pumping facilities  

Program 
emissions 

CO2 emissions after the Program has been implemented 
→ Emissions calculated from the electricity consumption after the operational 
efficiency of the pumps has been improved 

 

Reduction in water losses will be converted to CO2 emission reduction using electricity consumption 
per unit discharge.   

CO2 emission (kg-CO2) = Electricity consumption (kWh) × emission coefficient (kg-CO2 / kWh) 

 
The emission coefficient obtained as a result of the following research will be adopted in this 
Programme. 

Excerpt from JICA Project Research Progress Report, “Project Study on Quantification of 
Greenhouse Gases (GHGs) Reduction Effectiveness” December 2008 
Emission coefficient in Jordan = 0.62 kg-CO2 / ｋWh  
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