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Chapter 3 Project Evaluation and Recommendations 

3-1 Project Effect 

The water supply in Abbottabd City, Nawanshehr City and 12 peripheral villages have been 

developed relying on groundwater for a long period. The population in the service area is 
estimated 169,880 in 2003, and the water supply capacity of the three water supply 
systems is 13,166 m3/day in total. The service coverage of Abbottabd City is estimated 79%, 
that of Nawanshehr City is almost 100% and 37 ~ 79% in peripheral villages. The 
groundwater and spring water in this area are widely used by Cantonment Boards, military 

facilities and private sectors in addition to the above mentioned water supply systems.  

In recent years, the expansion and improvement of water supply are being required 
urgently to cope with the increasing population and expansion of urban areas in addition to 
decreasing of exploitation from the existing wells. It is estimated that the groundwater 
utilization in this area is presently near the limit according to the review on groundwater 

recharge comparing with increasing water demand. In other words, the groundwater 
recharge will be less than water demand by 2007 even during normal year of precipitation. 
Actually, the depletion phenomenon appears in Ilayasi Mosque Spring for a period from 
year 1998 up to now. There has never been experienced such phenomenon before.  

Furthermore, current water supply system is such system that groundwater is once 
pumped up to the reservoirs at elevated positions from where water is distributed to the 
service areas by gravity. Accordingly high electric power cost by high pump lift affects 
largely financial deficit of the water supply agencies.  

Taking such conditions of the present water supply system into account, the Project aims at 
increasing service coverage ratio and coping with increasing water demand for the target 
year of 2010, taking surface water, as stable and long term water source, from the valley 
located in the east of Abbottabad City and supply water to the service area by gravity. The 
effective use of the existing well water is also taking into account.  
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3-1-1 Direct Effects 
1) Improvement of Water Supply Conditions 

The improvement of water supply conditions can be expected from 2007 as a direct effect 
owing to the implementation of the project. The following table shows the improvement of 
water supply of each area by comparing the present situation in 2003 and that after project 
implementation in 2010. 

Table 3-1 Water Supply Conditions of Each Area 

Service Area Effect Index 
Before project 

implementation 
(2003) 

After Project 
Implementation 

(2010) 
Daily average water 
supply capacity 6,273 m3/d 8,068 m3/d 

Population Served 42,140 62,540 Abbottabad City 

Service Coverage 79 % 100 % 
Daily average water 
supply capacity 2,619 m3/d 3,945 m3/d 

Population Served 29,060 33,150 Nawanshehr City 

Service Coverage 100 % 100 % 
Daily average water 
supply capacity 4,274 m3/d 11,072 m3/d 

Population Served 50,160 93,030 
Peripheral Unions 
(12 villages) 

Service Coverage 57 % 85 % 
Daily average water 
supply capacity 13,166 m3/d 23,085 m3/d 

Population Served 121,360 188,720 Whole Project Area 

Service Coverage 71 % 92 % 
 

3-1-2 Other Effects 

The following effects can be named as indirect effects of the project. 

1) Reduction of Operation Cost of the Existing Water Supply Agencies 

Among the expenditures of each water supply agency in the project areas, the power cost 
for pump operation of wells occupies approximately 80% at present, and this cost is not 
covered by the water tariff, making deficit every year for water supply operation. 

By switching the groundwater by pumping to surface water by gravity, the power cost for 
pumping of well water will be largely reduced. Especially in Abbottabad City, the reduction 
of the power cost will be significant as the whole amount of water supply will be switched to 
surface water. Since the treatment plant is designed basically by gravity and manual 
operation, power consumption is also small. Owing to lower power consumption as the 
effect of the project, the operation and maintenance cost especially in Abbottanbd City can 
be kept as low as about half of the present cost even in 2007. 
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2) Extension of Well Life  

In many of the existing wells whose pumping rate is not appropriate one and exceeds the 
capacity of well yield, there is observed a well caving phenomenon. And, in some cases, the 
well is abandoned within a short period of several years. This may be caused by defective 
construction of wells such as lack of gravel packing. The excessive pumping rate of well also 
accelerates this phenomenon. At the event of the pump replacement works under the 
project, it is expected to prevent such phenomenon and to expand the well life by reviewing 

pumping rate suitable for the capacity of well and suppressing of flowing silt and clay into 
the well. 

3) Decrease of Waterborne Disease 

Though the statistics of symptom example number of waterborne disease is not obtained in 
Abbottabad City, it is reported that the number of patients of waterborne disease (diarrhea 
and dysentery) who were treated in the medical institutions in 2002 is 9 persons per 1,000, 
among whom 3 persons suffered from diarrhea, in Nawanshehr City and peripheral villages. 
Still, dysentery that is serious diarrhea occurs in the area. It is expected that the 
improvement of water supply such as water supply capacity, service coverage and extension 
of supply hour will contribute for reduction of such patients of waterborne disease. 

3-2 Recommendations 

3-2-1 Establishment of Bulk Water Supply Agency 

In this plan, it is proposed to establish a new bulk water supply agency (tentatively named 

as Gravity Water Supply Unit) under the District Government, which supplies water to the 
three independent water supply agencies, separately from the existing water supply 
agencies. This agency will be established under District Government, separately from the 
existing departments. It is required to newly recruit human resources with qualification 
and capability suitable for the operation and maintenance of bulk water supply system. The 
establishment of new agency is required several months prior to the completion of the 
project. 

The setting of appropriate tariff for bulk water supply is indispensable for sound operation 

of the new agency, which shall distribute bulk water to the existing water supply agencies 
with appropriate manner and receives water tariff from them. It is simultaneously 
proposed to establish Water Committee (tentatively named) whose members consist of the 
representatives of the District Government, Abbottabad City and Nawanshehr City for 
regulation and advice to activities of the new agency, and the coordination with the existing 
agencies. It is desirable to establish this Water Committee in an early stage obtaining the 
understanding of the relevant organizations. 
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The support with technical and managerial guidance is planned under the Project for the 

establishment of Water Committee and Gravity Water Supply Unit. 

3-2-2 Revision of Tariff and Collection System of Existing Water Supply 
Agencies 

The current water tariff system is flat rate system, except Nawanshehr City. In addition, 
the water supply accounting is not independent but mixed with that for other 
infrastructures facilities. It is not based upon the self-supporting accounting principle of 
water supply. Further, the current water tariff is set as low as approximately one to fifth of 
operation and maintenance cost. 

By the implementation of the project, it is expected the improvement of the present water 
supply services such as short supply hour of only one hour per day. In conjunction of the 

project implementation, it is proposed to transfer the present flat rate tariff system to 
metered tariff system and revise water tariff to the suitable level based on the benefit 
principle. For this purpose, the measurement of consumption by water meters is 
indispensable. PC-1 lists up the meter installation cost as the responsibility of Pakistani 
side, and its realization is desired in an early stage. 

It is expected that appropriate water tariff collection based on the metered consumption 
will prevent waste of water, which is sometimes observed under the flat rate system. By 
avoiding waste of water by the consumers, it is also expected that water distribution 

network could be functioned more effectively. As the results, an effect on preservation of 
precious water resources can be expected owing to reduction of waste of water. 

The arrangement of appropriate tariff collection system is indispensable when the present 
flat rate system shifts to metered rate system. It is therefore recommended immediate 
action for arrangement of organization to establish appropriate tariff collection system. 

The support with technical and managerial guidance is planned under the Project for the 
shifting metered tariff system, the revision of water tariff and the arrangement of tariff 
collection system. 

3-2-3 Action Programme for Establishing New Agency and Water Tariff 
Revision 

It is the responsibility of the Pakistan side to operate and maintain the completed facilities 
properly for sustainable bulk water supply operation. The above-mentioned establishment 
of new agencies and water tariff revision are important to be implemented steadily. 

There are various activities and decisions to be done during the course of the 
implementation. Further, there are various steps to receive the consent from the various 
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agencies concerned including the existing water supply agencies, which are complex 

matters and require considerable time. Therefore, it is important to prepare action program 
beforehand for smooth implementation. In this connection, tentative action programme is 
prepared in this study as shown in Figure 3-1 identifying necessary actions to be done by 
persons or agencies concerned and approval processes with target date for monitoring 
purpose. 

It is recommended that the District Government as the implementation agency studies on 
the above action programme before the Project starts together with the existing water 
supply agencies of Abbottabad and Nawanshehr. It is also recommended to set up 

preparatory working group consisting of the representatives from the existing water supply 
agencies. The preparatory working group will act as a core for study and review on various 
aspects on the establishment of new agency and water tariff revision. 

3-2-4 Preservation of Groundwater Source 

As pointed out in this study, it is judged that the groundwater recharge in the Abbottabad 
Basin is limited and the exploitation of groundwater is already near the limit at present. 
Before the depletion of groundwater occurs due to its excessive abstraction, the monitoring 
of groundwater by continuous surveillance of groundwater level and abstraction is 
indispensable for preservation of precious groundwater source. To enable sustainable use of 
groundwater, it is recommended to take immediate actions for groundwater monitoring and 
regulation of groundwater utilization by the consultation of concerned agencies. 

3-2-5 Development of Water Distribution Network 

The Project is planned to supply bulk water to the distribution reservoirs of the existing 
water supply agencies, and the effect of the project can be born by the appropriate 

distribution of water to the service areas through the distribution networks. Therefore, 
execution of necessary strengthening and expansion of the existing distribution networks is 
required including rehabilitation of the existing pipelines where required in conjunction 
with the implementation of the Project. PC-1 contains the development cost for the existing 

distribution networks. It is essential to implement the development of the distribution 

network with steadily manner. 

3-2-6 Others 
1) Water Right Issue 

The Project plans to intake from three tributaries of Dor River at 200 l/s. The effects of this 

intake are considered minor within the Abbottabd District. As the results of discussion with 
the Irrigation Department and other authorities concerned, the NWFP has determined the 
implementation of the Project. It was explained by the NWFP that the water right for the 
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Project was approved through the approval of PC-1. When the importance of water right 

issue is taken into account, it is required by the NWFP to monitor with due attention on the 
adjustment of water usage of Dor River between Abbottabad District and Haripur District 
who will be affected by the intake at the upstream of Dor River in Abbottabad. 

2) Approval of PC-1 

It is essential to obtain the approval of PC-1 that secures the obligation of Pakistani side for 
the implementation of the Project. The PC-1 shall be approved by the Federal Government 
after its approval of the Provincial Government. The procedure for the approval by the 
Federal Government shall be made smoothly and its approval shall be obtained as soon as 
possible. 

3) Environmental Issue 

The District Government of Abbottabad conducted the IEE (Initial Environmental 
Examination) and concluded that no further study of EIA (Environmental Impact 
Assessment) is required since the affects of the project implementation will be minor. After 

receipt of the IEE report, the EPA (Environmental Protection Agency) of the NWFP has 
issued Non-Objection Certificate for the implementation of the Project. However it is 
required, by the implementation agency, to take necessary measures where required and to 
monitor the affects to the environment to minimize them during the course of project 
implementation. 

4) Improvement of Drainage System and Construction of Sewerage System 

The improvement of water supply by increasing supply capacity results increase of waste 
water. It will be necessary to consider the improvement of drainage system first against 
waste water increase followed by the construction of sewerage system in the future to 
minimize the water pollution to the downstream. 
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Figure 3-1 Tentative Action Programme for Establishment of Gravity Water Supply 
Unit and Water Tariff Revision 
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Appendix 1 Member List of the Study Team 
 
 
The First Field Study 

Position Name Organization 

Leader Satoshi NAKANO 
Deputy Director, Third Project 
Management Division, Grant Aid 
Management Department, Japan 
International Cooperation Agency 

Technical Advisor Yoshiki OMURA Senior Advisor, JICA 

Chief Consultant/ Water Supply 
Engineer/ Maintenance Planner Takeshi SAKAI Nihon Suido Consultants Co.Ltd. 

Hydro geologist/ Underground 
Water Planner Naoki TAIRA Japan Techno Co.Ltd. 

Hydrometeorology and Water 
Quality Surveyor Toyosaku KATO Japan Techno Co.Ltd. 

Water Facilities Surveyor Yoshiaki YOKOTA Nihon Suido Consultants Co.Ltd. 

Social and Environmental 
Surveyor Naoki MORI Japan Techno Co.Ltd. 

Waterworks Planner Hiroyasu SAITO Nihon Suido Consultants Co.Ltd. 

Construction and Procurement 
Planner/ Cost Estimator Masami TSUYUKI Nihon Suido Consultants Co.Ltd. 
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The Second Field Study 
Position Name Organization 

Project Coordinator Yusuke TSUMORI 
Third Project Management Division, 
Grant Aid Management Department, 
Japan International Cooperation 
Agency 

Chief Consultant/ Water Supply 
Engineer/ Maintenance Planner Takeshi SAKAI Nihon Suido Consultants Co.Ltd. 

Hydro geologist/ Underground 
Water Planner Naoki TAIRA Japan Techno Co.Ltd. 

Water Facilities Surveyor Yoshiaki YOKOTA Nihon Suido Consultants Co.Ltd. 

 
 
Draft Final Explanation Mission 

Position Name Organization 

Leader Yoshio FUKUDA 
Team Leader, Water and Sanitation 
Team, Project Management Group I, 
Grant Aid Management Dept. JICA 

Chief Consultant/ Water Supply 
Engineer/ Maintenance Planner Takeshi SAKAI Nihon Suido Consultants Co.Ltd. 

Hydro geologist/ Underground 
Water Specialist Shigeyoshi KAGAWA Japan Techno Co.Ltd. 

Water Supply Facilities Specialist Motoo YANAI Nihon Suido Consultants Co.Ltd. 

Waterworks Management 
Specialist Koichi IWASAKI Nihon Suido Consultants Co.Ltd. 
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Appendix 2   Study Schedule

The  First Field Study

Official Study Team
Chief Consultant
/Water Supply

Planner/Maintenance
Specialist

Water Supply
Facilies Specialist

Hydrometeorogy and
Water Quality

Specialist

Social and
Environmental

Specialist

Hydrogeologist/Grou
ndwater Specialist

Waterworks
Management
Specialist

Construction and
Procurement
Planner/Cost

Estimate Specialist
Mr.Nakano, Mr.Omura Mr.T.Sakai Mr.Y.Yokota Mr.T.Katou Mr.N.Mori Mr.N.Taira Mr.H.Saito Mr.M.Tsuyuki

1 07/13/03 Sun
2 07/14/03 Mon
3 07/15/03 Tue
4 07/16/03 Wed

5 07/17/03 Thu Preparation of
Office Space

6 07/18/03 Fri Data Collection Travel to Lahore

7 07/19/03 Sat Data Collection Travel to
Abbottabad

8 07/20/03 Sun Data Processing Data Processing
9 07/21/03 Mon Site Investigation Data Collection

10 07/22/03 Tue
11 07/23/03 Wed Return to Japan
12 07/24/03 Thu
13 07/25/03 Fri Travel to Lahore

14 07/26/03 Sat Travel to
Abbottabad

15 07/27/03 Sun
16 07/28/03 Mon
17 07/29/03 Tue
18 07/30/03 Wed

19 07/31/03 Thu Electrical
prospecting

20 08/01/03 Fri Electrical
prospecting Travel to Lahore

21 08/02/03 Sat Electrical
prospecting

Travel to
Abbottabad

22 08/03/03 Sun

23 08/04/03 Mon Geotechnical
Investigation Data Collection

24 08/05/03 Tue Geotechnical
Investigation

Discussion with
Related Authorities

25 08/06/03 Wed
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

26 08/07/03 Thu
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

27 08/08/03 Fri
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

28 08/09/03 Sat
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

29 08/10/03 Sun

30 08/11/03 Mon Geotechnical
Investigation

Discussion with
Related Authorities

31 08/12/03 Tue
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

32 08/13/03 Wed
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

33 08/14/03 Thu
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

34 08/15/03 Fri
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

35 08/16/03 Sat Return to Japan Site Investigation
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

36 08/17/03 Sun

37 08/18/03 Mon Site Investigation Site Investigation Discussion with
Related Authorities

38 08/19/03 Tue Site Investigation Electrical
prospecting

Discussion with
Related Authorities Travel to Lahore

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Courtesy call EOJ and JICA, Travel to Peshawar
Courtesy call Related Authorities in Peshawar, Travel to Abbottabad
Courtesy call Related Authorities in Abbottabad

Report to EOJ and JICA Office

Data Processing

Site Investigation

Site Investigation

Data Processing

Site Investigation

Site Investigation

Data Processing

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Team meeting
Discussion with Related Authorities

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Consultants Study Team

Travel to Lahore                            

Site Investigation

Site Investigation

Discussion of the Minute of Discussion(M/D) with NWFP,
Site Survey
Discussion of the M/D with NWFP, Site Survey

Singing on M/D with NWFP

Travel to Islamabad

Site Investigation

Site Investigation

Singing on M/D with MOEAS as the witness

Travel to Islamabad

Site Investigation
Site Investigation

Site Investigation

Site Investigation

Site Investigation

Data Processing Data Processing
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Official Study Team
Chief Consultant
/Water Supply

Planner/Maintenance
Specialist

Water Supply
Facilies Specialist

Hydrometeorogy and
Water Quality

Specialist

Social and
Environmental

Specialist

Hydrogeologist/Grou
ndwater Specialist

Waterworks
Management
Specialist

Construction and
Procurement
Planner/Cost

Estimate Specialist
Mr.Nakano, Mr.Omura Mr.T.Sakai Mr.Y.Yokota Mr.T.Katou Mr.N.Mori Mr.N.Taira Mr.H.Saito Mr.M.Tsuyuki

39 08/20/03 Wed Site Investigation Geotechnical
Investigation

Discussion with
Related Authorities

Travel to
Abbottabad

40 08/21/03 Thu Site Investigation
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

41 08/22/03 Fri Site Investigation
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

42 08/23/03 Sat Site Investigation
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

43 08/24/03 Sun Cost Data
Collection

44 08/25/03 Mon Site Investigation
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

45 08/26/03 Tue Return to Japan
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

46 08/27/03 Wed
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Cost Data
Collection

47 08/28/03 Thu
Test Well
Digging/Pumping
Test

Discussion with
Related Authorities

Contractor's
Capability
Survey

48 08/29/03 Fri Electrical
prospecting

Discussion with
Related Authorities

Contractor s
Capability
Survey

49 08/30/03 Sat Geotechnical
Investigation Return to Japan

Contractor s
Capability
Survey

50 08/31/03 Sun Data Processing
Contractor s
Capability
Survey

51 09/01/03 Mon
Test Well
Digging/Pumping
Test

Contractor's
Capability
Survey

52 09/02/03 Tue
Test Well
Digging/Pumping
Test

Contractor's
Capability
Survey

53 09/03/03 Wed
Test Well
Digging/Pumping
Test

Cost Data
Collection

54 09/04/03 Thu
Test Well
Digging/Pumping
Test

Cost Data
Collection

55 09/05/03 Fri
Test Well
Digging/Pumping
Test

Cost Data
Collection

56 09/06/03 Sat
Test Well
Digging/Pumping
Test

Cost Data
Collection

57 09/07/03 Sun Data Processing Cost Data
Collection

58 09/08/03 Mon
Test Well
Digging/Pumping
Test

Cost Data
Collection

59 09/09/03 Tue
Test Well
Digging/Pumping
Test

Cost Data
Collection

60 09/10/03 Wed
Test Well
Digging/Pumping
Test

Cost Data
Collection

61 09/11/03 Thu
Test Well
Digging/Pumping
Test

Cost Data
Collection

62 09/12/03 Fri Site Investigation Cost Data
Collection

63 09/13/03 Sat Electrical
prospecting

Cost Data
Collection

64 09/14/03 Sun Data Processing Cost Data
Collection

65 09/15/03 Mon Data Collection Cost Data
Collection

66 09/16/03 Tue Team meeting Team meeting

67 09/17/03 Wed
Test Well
Digging/Pumping
Test

Return to Japan

68 09/18/03 Thu
Test Well
Digging/Pumping
Test

69 09/19/03 Fri
Test Well
Digging/Pumping
Test

70 09/20/03 Sat
Test Well
Digging/Pumping
Test

71 09/21/03 Sun Team meeting
72 09/22/03 Mon Return to Japan

Data Processing

Site Investigation

Team meeting

Site Investigation

Site Investigation

Data Processing

Site Investigation

Site Investigation

Consultants Study Team

Site Investigation

Site Investigation

Report to JICA Office

Team meeting

Site Investigation

Team meeting

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Data Processing

Data Processing

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Site Investigation

Return to Japan

Data Processing

Site Investigation

Site Investigation

Site Investigation
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The  Second Field Study

Official Study Team
Chief Consultant
/Water Supply

Planner/Maintenance
Specialist

Water Supply
Facilies Specialist

Hydrogeologist/Grou
ndwater Specialist

Mr.Tsumori Mr.T.Sakai Mr.Y.Yokota Mr.N.Taira
1 01/25/04 Sun
2 01/26/04 Mon
3 01/27/04 Tue Site Survey Travel to Abbottabad
4 01/28/04 Wed Site Survey
5 01/29/04 Thu Site Survey
6 01/30/04 Fri Site Survey Site Survey
7 01/31/04 Sat Return to Japan Site Survey Site Survey
8 02/01/04 Sun Site Survey Site Survey
9 02/02/04 Mon Site Survey Site Survey

10 02/03/04 Tue Site Survey Site Survey
11 02/04/04 Wed Site Survey Site Survey
12 02/05/04 Thu Site Survey Site Survey

13 02/06/04 Fri Report to EOJ
and JICA Office Site Survey

Site Survey

14 02/07/04 Sat Return to Japan Site Survey Site Survey
15 02/08/04 Sun Site Survey Site Survey
16 02/09/04 Mon Site Survey Site Survey
17 02/10/04 Tue Site Survey Site Survey
18 02/11/04 Wed Site Survey Return to Japan
19 02/12/04 Thu Site Survey
20 02/13/04 Fri Site Survey
21 02/14/04 Sat Site Survey
22 02/15/04 Sun Site Survey
23 02/16/04 Mon Site Survey
24 02/17/04 Tue Site Survey
25 02/18/04 Wed Site Survey
26 02/19/04 Thu Site Survey
27 02/20/04 Fri Site Survey
28 02/21/04 Sat Site Survey
29 02/22/04 Sun Site Survey
30 02/23/04 Mon Return to Japan

Draft Final Explanation Mission

Official Study Team
Chief Consultant
/Water Supply

Planner/Maintenance
Specialist

Water Supply
Facilies Specialist

Hydrogeologist/Grou
ndwater Specialist

Waterworks
Management
Specialist

Mr.Y.　Fukuda Mr.T.Sakai Mr.M. Yanai Mr. S. Kagawa Mr.K Iwasaki
1 05/23/04 Sun

3 05/25/04 Tue

5 05/27/04 Thu

Travel to Lahole Travel to Abbottab
7 05/29/04 Sat Return to Japan
8 05/30/04 Sun
9 05/31/04 Mon
10 06/01/04 Tue
11 06/02/04 Wed
12 06/03/04 Thu
13 06/04/04 Fri
14 06/05/04 Sat
15 06/06/04 Sun Return to Japan

Discussion with Abbottabad District Office, Site Investigation
Discussion with Abbottabad District Office, Site Investigation

Report to EOJ and JICA and EAD
Travel to Lahole

Site Investigation
Team meeting

Discussion with Abbottabad District Office, Site Investigation
Discussion with Abbottabad District Office, Site Investigation

Discussion of the Minute of Discussion(M/D) Site Survey and Information Collection

6 05/28/04 Fri
Report to EOJ and JICA and EAD

Site Survey and Information Collection

Travel to Abbottabad  Courtesy Call and Discussion with Abbotabad District Office

4 05/26/04 Wed
Discussion with Abbottabad District Office and drafting Minutes of Discussion (M/D)

Travel to Peshawal Site Survey and Information Collection

Travel to Lahore

2 05/24/04 Mon
Travel to Islamabad

Courtesy call EOJ and JICA, and Economic Affairs Division (EAD)

Site Survey
Discussion with Abbottabad District Office

Report to EOJ and JICA Office

Consultants Study Team

Consultants Study Team

Travel to Lahore                            
Courtesy call EOJ and JICA, Travel to Peshawar

Discussion with NWFP Governemnt in
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Appendix 3  List of Parties Concerned in Pakistan 
 
 
 
Ministry of Economic Affairs & Statistics 
Mr. Muhammad Ashraf Khan    Joint Secretary , 
      Economic Affairs Division 
 
 
Government of North West Frontier Province 
Mr. Baz Muhanmmad Khattak    Secretary (former), 
      Local Govt. Election & Rural Development  

Dept. 
Mr. Wakil Khan Afridi    Secretary , 
      Local Govt. Election & Rural Development  

Dept 
Mr. Syed Manzoor Ali Shah    Secretary, 
      Planning and Development Dept. 
Mr. Jehangir Bashar     Additional Chief Secretary 
      (Planning, Environmental & 

Development Dept.) 
Mr. Laiq Shah     Chief Secretary 
      Planning & Development Dept. 
Mr. Mohammad Ikram Khan    Additional Secretary,  
      Planning & Development Dept. 
 
 
District Government Abbottabad 
Col(Rtd) Ghulam Mustafa Khan Jadoon   Zilla Nazim 
       
Mr. Jamil Muhanmad     District Coordinate Officer 
Mr. Khalid Mehmood     Distrct Coordinate Officer 
Mr. Fahrat Amoz Khan    Superintending Engineer 
      Works & Services Department 
Mr. Khalid Aziz     Assistant District Officer 
      Works & Services Department 
Mr. Abbas Khan     Sub-Engineer 
      Works & Services Department 
Mr. Naeem     Sub-Engineer 
      Works & Services Department 
Mr. Ghulam Murtaza     Deputy director (B&R), 
      Works & Services Department 
 
 
Abbottabad City 
Mr. Rashid Kamal     Town Municipal Officer 
Mr. Ziaul Dim     Technical Officer of Infrastructure 
 
       
Nawanshehr City 
Mr. Javed Khan Jadoon    Town Municipal Nazim 
Mr. Mohammad Iqbal Khan    Nazim Union Council Nawanshehr Urban 
Mr. Rafiq-ur-Rehman    Project Managter, 
      Water & Sanitation Unit Nawanchehr 
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Mr. Afsar Khan      Accountant 
      Water & Sanitation Unit Nawanchehr 
 
 
Others 
Mr. Akbar Khan     Nazim Namly Maira 
Mr. Abdul Rehman Khanzada    Deputy Director, 
      National Highway Authority 
Mr.MuhammadPervezNasir    Director Maintenance, 
      Frontier Highways Authority 
 
 
Japanese Embassy in Pakistan 
Mr. Matsunaga Takeshi    Head of Economic and Development  

Section 
Mr. Kitada Hoiromichi    First Secretary 
Mr. Kobayashi Teruo    Second Secretary 
 
 
JICA Pakistan Office 
Mr. Yamaura Nobuyuki    Resident Representative 
Ms. Misumi Sachiko     Sr. Deouty Resident Representative 
Mr. Takahashi Makoto    Officer 
Mr. Mahmaood A. Jilani    Deputy Resident Representative/Chief 
      Programme Officer 
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Appendix 5  Cost Estimation Borne by the Government of Pakistan 
 
 
Cost Estimation Borne by the Government of Pakistan 
No. Cost Items Quantity Unit Unit Price 

(‘000 Rs.) 
Cost 
(million Rs.) 

1. Land Acquisition 100 kanal 400 40.00
2. Access Road Construction    24.00
2-1 Widening water Works road 2 km 4170 8.34
2-2 Single road up to water source 3 km 2800 8.40
2-3 Improvement other road 10 km 726 7.26
3. Provision of Facilities    26.40
3-1 Electricity  1 L.S.  13.40
3-2 Water Supply 12.5 Km 0.8 10.00
3-3 Gas 1 L.S.  3.00
4. Furniture & Equipment 1 L.S.  0.10
5. Interlinking old/new reservoir 

and tube well 
14 site 128.57 18.00

6. Extension/rehabilitation of 
existing distribution network 

14 site 5714.2 80.00

7. Supply and Installation of 
water meter/service connection

15000 sets 5 75.00

8. PMU establishment  1 L.S.  5.97
9. Bank charges and others 1 L.S.  28.45
10. Contingencies 1 L.S.  2.08
 Total    300.00
Note: 1 kanal = 500 m2 
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1. Second Field Survey Result Outline 
 
1-1 Outline of Pump-Up Intake Site of Dor River 
 As the subsoil water intake site candidates from Dor River, the 2 points were selected: Damtor 
that is near to the water treatment plant and Harnoi that is adjacent to Murree Road, shown in Fig.-1. 
It has been determined that these 2 points are selected as objects, as there continue steep slopes 
(vertical grade: 50% ~ 100% or more) that rise steeply on both banks from Damtor to near Harnoi, 
which is located upstream, and the conditions to be compared are evidently worse than Damtor. 
Moreover, it is clarified that contamination has become considerably worse, as the water quality test 
result showed 500 BOD or more, which is quality level of sewage, for small rivers flowing directly 
under the treatment plant. As treatment with this water quality is difficult and the water is not 
suitable to water source, this point is excluded from the water source candidate. (Refer to Appendix 
6-1-A3.) 
 
 

                          

Damtor intake candidate site         Midpoint between Damtor and Harnoi 
 

  Harnoi intake candidate site 
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Table 1-1: General Situation of Dor River Subsoil Water Intake Candidate Point 
Intake Point Intake Damtor Intake Harnoi 

Elevation of riverbed +1075 +1130 

Distance to treatment 
plant 

4,203m 6,938m 

Features of intake 
point 

• Nearest to treatment plant. 
• Steep slopes on both banks 

(average vertical grade of right 
bank: 40% ~ 50%) and elevation 
difference of approximately 110 
m between riverbed and flat area 
of right bank. 

• Construction of access road to 
intake point is required. 

 

• Though far from treatment plant, 
right river bank is near Murree Road 
(elevation difference: 4m) and 
construction of access road is hardly 
required. 

 

Geolory Mainly composed of gravel bed 
from fine-grained sand to cobbles, 
depth to bedrock of approximately 
20m or more (result of electrical 
geological exploration). No 
distribution of large boulders, etc. is 
observed, and it is presumed that 
relatively mild depositional 
environment existed in comparison 
with Harnoi intake point. 
 

1 ~ 2m large boulders are scattered 
on riverbed surface, and, boulder layer 
containing 0.6 ~ 0.8m large gravels is 
distributed up to depth of 3.5m. As for 
deeper layer, it is presumed based upon 
electrical geological exploration that 1 ~ 
2m large boulders appear again between 
7 ~ 10m and bedrock is distributed 
around 15 ~ 18m. 

Furthermore, it is certain that 1 ~ 2m 
large boulders flow down during 
flooding.  If facilities are constructed 
on riverbed, damage and flowing-out 
may occur without impregnable 
structure.  

 

Subsoil water level Subsoil water level lowers toward 
bank at grade of approximately 
2.2%, with current river surface on 
the highest level. 
 

As gravel layer consists mainly of 
cobbles and boulders, water 
permeability is good.  Underground 
water level lowers at grade of 
approximately 1.36% toward bank, with 
current river surface on the highest 
level. 

 



Appendix 6-1-0-5 
 

Intake Point Intake Damtor Intake Harnoi 

Others In 1976, infiltration gallery and 
pump station were constructed to 
supply water to Damtor Village. 
River turbidity during rainy season 
was extremely high and clogging of 
infiltration gallery and shutdown of 
water supply occurred frequently. 
Accordingly, these facilities were 
abandoned and the system was 
switched to that of gravity flow 
water supply. 
 

Elevation difference between vicinity to 
intake point and Murree Road is 
approximately 4m.  Riverbed is used 
as recreation zone for citizens. 
Furthermore, gravel gathering 
businesses are run by many persons. 
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1-2  Pumping Test Results 
Pumping test was carried out by using holes that had been bored for test, with a steel pipe of 1m 

diameter and 4.8m length shown in the below figure. The pumping test result is as follows. 
 
 
Intake Damtor 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Transmissivity T(m2/min)  
 Continuous pumping test 0.114 
 Recovery test 0.095 
  Average 0.105 
Permeability k(m/min) 0.040 
Storativity S 0.410 
Influence radius R(m) 15.748 

 
 

 
Intake Harnoi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diameter 1 m 

Riverbed 

1.219 m
 

0.86 m
 

Water Table 

Q=0.391 m3/min 

Diameter 1 
 

Rive

b d
3.54 m

 

2.675 m
 

Water Table 
Q=0.283 m3/min 
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Transmissivity T(m2/min)  
 Continuous pumping test 0.252 
 Recovery test 0.332 
  Average 0.292 
Permeability k(m/min) 0.104 
Storativity S 0.362 
Influence radius R(m) 9.274 

 
 
 
1-3  Evaluation of Possible Amount of Intake 
  From the above-mentioned results, the pump discharge flow rate of the infiltration gallery was 
evaluated as per shown in the below table under the conditions of the infiltration gallery pipe 
diameter of 1000mm, water intake hole diameter of 20mm and water intake hole inlet velocity of 
3cm/sec. or less.  The shallow well with the same boring depth as the infiltration gallery was 
evaluated with well radius of 2.5m and respective influence radii of 18m and 15m at Damtor and 
Harnoi under condition of water intake from well bottom.  (Refer to Attachments A-1 and A-5 for 
details.) 
 

Intake Point Intake Damtor Intake Harnoi 
Infiltration gallery pump 
discharge rate of flow (m3/sec) 

0.210 (L=270m､ Φ1.0m) 0.433 (L=230m､ Φ1.0m) 

Shallow well pump discharge 
rate of flow (m3/sec) 

0.013 x 16 locations 0.019ｘ11locations 

For the planned water intake amount of 0.2m3/sec, it is judged that the water intake amounts for 
both infiltration gallery and shallow well can be ensured. 
 
 
1-4  Water Quality Test Results 
 As a result of the sampling prior to completion of pumping test for 24 hours and result of the 
analysis, the items to be objects of treatment as water source are turbidity and coliform group for the 
subsoil water quality of Damtor and Harnoi, among the test results of all the items. The other items 
have lower values than those of Potable Water Quality Guideline of WHO, which do not present any 
problem. (Refer to Attachment A-3.) 
 
Intake Point Intake Damtor Intake Harnoi 
Turbidity (NTU) 37 3.8 
Coliform group (MPN/100ml) 
Fecal coliform group (MPN/100ml) 

240 or more 
240 or more 

240 or more 
240 or more 

Treatment facilities required as 
minimum 

Slow Sand Filter 
Chlorination facility 

Slow Sand Filter 
Chlorination facility 

 
 
Only one sampling was made during the field survey, and the turbidity at Intake Harnoi is lower 

than 5NTU of Guideline Value.  As the turbidity of subsoil water increased at downstream Intake 
Damtor due to rainfall upstream, the turbidity rise that is of the same level or higher is expected in 
Harnoi that is upstream with higher permeability and higher water level. 

Furthermore, the turbidity of Dor River water during sampling at Damtor was 550NTU. 
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2. Comparison between Pump-up Water Supply Plan and Gravity 
Water Supply Plan 

 
2-1 Selection of Pump-up Intake Point 

As the facilities required for subsoil water intake of planned water intake amount (200 l/sec), 2 
methods such as infiltration gallery and shallow well can be considered. Tables 2-1 and 2-2 show the 
outline of facility plan of infiltration gallery and shallow well in respective candidate intake sites. 

In case of shallow well, the well is planned near the river bank (right bank), considering 
maintenance.  Accordingly, as the groundwater level lowers, the boring depth of well is deepened.  
As for Harnoi, as the underwater level is high and the permeability is also high, the depth of the 
infiltration gallery will have the same degree of depth. 
  Fig. 2 shows the standard cross sections of infiltration gallery laying and shallow wells at Damtor 
and Harnoi. 

As a result of analysis, the required numbers of wells are 16 and 11 for Damtor and Harnoi, 
respectively. The total length of connecting pipes of each well pipes are required to be 576m and 
330m considering the well influence radii.   In case of shallow well, the excavation of long length 
for both intake candidates, and the construction cost becomes higher in comparison with infiltration 
gallery. Therefore, the infiltration gallery is more beneficial. 
 
Table 2-1: Outline of Infiltration Gallery Facilities required for Intake of Planned Water Amount 
Intake Point Intake Damtor Intake Harnoi 

Infiltration gallery length (m) 270m 230m 
Diameter (mm) 1,000mm 1,000mm 
Burying depth (m) 4.7m 4.6m 
 
Table 2-2: Outline of Shallow Well Facilities required for Intake of Planned Water Amount 
Intake Point Intake Damtor Intake Harnoi 

Well diameter (m) 2.5m 2.5m 
Well depth (m) 9m 4.6m 
Required number of wells 16 11 
Intervals between wells (m) 36m 30m 
Connecting pipe diameter and 
total length (m) 

576m 330m 
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Infiltration Gallery at Damtor 

 
 
 

Shallow Well at Damtor 
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Infiltration Gallery at Harnoi 

 
 
 
 
 
 

Shallow Well at Harnoi 
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Therefore, the infiltration gallery as intake method of subsoil water is more beneficial in both 

Damtor and Harnoi.  However, Hanoi has the following problems for construction: 
 
• Soil mitred work and dewatering are normally required in order to lay infiltration gallery 

pipes in deep location below riverbed surface. As the soil mitred work with steel sheet piles is 
difficult in the place where there are lot of boulders, special work such as diaphragm wall 
construction method becomes necessary.   Furthermore, though there is deep well work 
method, etc. for dewatering, the adoption of these special work methods does not seem 
realistic, taking into consideration the technology level and the cost at site. 

• Accordingly, though the pipe laying by normal work method needs dewatering by drain 
pumps, the problem will be how much water is required to be dewatered. Since the 
permeability is high and the underground water level is high in Harnoi, the scale of 
dewatering becomes very big. Excavation up to depth of 4.6m from riverbed is required for 
laying of infiltration gallery pipes, and lowering of underground water level approximately 
4m or more is necessary. When base width is 4.2m, top width 15m and excavation length 
30m, the necessary dewatering water amount will be approximately 0.3m3/sec., requiring 
large capacity drain pumps.  Thus, the execution is realistically difficult. Incidentally, the 
dewatering water amount in Damtor is approximately 0.1m3/sec, which is approximately 1/3 
of Harnoi. 

• In order to ensure water intake amount that is object, the necessary infiltration gallery length 
becomes 230m.  Accordingly, the execution during rainy season is difficult due to scale of 
dewatering works, even though the work should be executed by dividing the work sections. 
Furthermore, as there exist boulders on riverbed and a boulder bed containing 0.6 ~ 0.8m 
large pebbles is distributed in the depth of 3.5m or more, sufficient construction period is 
required as a whole. 

• Moreover, a possibility of scouring of facilities under construction may not be denied, due to 
increase of river flow rate by sudden heavy rain during construction period. Countermeasures 
are required to be taken to protect the facilities from damage and scouring during flooding 
during and after construction, as the river width is approximately half of that of Damtor and 
there are observed lot of 1~2 m big boulders on the riverbed. 

 
  The following shows comparison of merits and demerits of both cases: 

 
Items Damtor Harnoi 

Difficulty or easiness of 
execution 

○ As permeability is 
relatively low and 
geotechnical conditions 
are good, execution by 
normal construction 
method of dewatering is 
possible. 

× As permeability is high 
and there is gravel stratum 
containing boulders, 
execution by normal 
construction method is 
difficult. 

Construction cost ○ As execution can be done 
by normal construction 
method and the water 
transmission main laying 
distance is short, 
construction cost is lower 
than Harnoi.  

× As special construction 
method is required and 
water transmission main 
laying length is long, 
construction cost is high. 
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Maintenance cost × As riverbed level is low, 
electricity cost becomes so 
high due to high pump 
head. By the way, annual 
electricity cost is 
estimated 69 million yen. 

○ As riverbed level is high, 
pump head is low. Though 
main laying distance is 
long, electricity cost is 
low. By the way, annual 
electricity cost is estimated 
63 million yen. 

 
 
 

  As per above-mentioned, Harnoi has a merit that electrical charge for maintenance is lower than 
Damtor because pump head is low.  However, construction work in Harnoi is difficult 
considering work execution meeting local technology level.  Thus, Intake Harnoi is judged not 
realistic. Accordingly, it is determined that Damtor should be selected as the pump-up intake 
point. 
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2-2 Facility Plan of Pump-up Water Supply 
 
2-2-1 Intake Facilities 

The outline of pump-up intake facility at Damtor point is shown in the following table: 
 

Table 2-3: Outline of Infiltration Gallery Facilities required for Intake of Planned Water Amount 
Intake Point Intake Damtor 

Infiltration gallery length (m) 270ｍ 
Diameter (mm) 1000ｍｍ 

Burying depth (m) 4.7ｍ 
Water collecting hole Diameter: 20mm; 30 holes/m2 

Junction wells 4 wells 
 
  Fig. 2 on the next page shows burying locations of infiltration gallery and layout plan of pumping 
station. 
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Fig.2: Infiltration Gallery Laying Locations in Damtor and Layout of Pump Station 
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2-2-2 Pump Station Facilities 
  The intake pump shall be specified by the following table, in connection with required pump head 
and discharge amount. 
 

Table 2-4: Pump Facility Specifications 
Intake Point Intake Damtor 

Pump type Vertical axis multistage 
centrifugal pump 

Number of operation pumps 2 operating + 1 standby 
Total pump head (m) 310 
Motor output (kWh) 475 

 
 
 
2-2-3 Water Transmission Facilities 
  The transmission main laying route from the intake pump station to the predetermined point for 
the water treatment plant is a route from the existing road of Damtor Village via Murree Road, which 
is the shortest. 
 

Table 2-5: Water Transmission Facilities 
Intake Point Intake Damtor 

Transmission Main Diameter 
(mm) 

450 

Main Length (km) 4.2 
Main Type Ductile cast iron pipe 

Reduction Countermeasures 
against Water Hammer 

Pump + flywheel 

 
 
2-2-4 Water Treatment Facilities 

From the result of raw water quality test, it is judged to require filtration facilities as water 
treatment facilities against turbidity and bacteriological contamination. 

As the turbidity of surface water is 550NTU and that of subsoil water is reduced to 37NTU, the 
treatment level is supposed that the slow sand filter can cope with that turbidity, which increases 
slightly for the raw water collected from infiltration gallery during raining.  It is judged not to 
require pretreatment such as roughing filtration. 
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2-3 Comparison between the Water Supply by Pump-up Intake and the Gravity 
Water Supply 
  
The following table shows the summery of comparison between Water Supply by Pump-up Intake 
and Gravity Water Supply: 
 
Table 2-6: Comparison between the Water Supply by Pump-up Intake and the Gravity Water 

Supply 
Plan A Plan B  

Item Surface Water Gravity System + 
Underground Water 

Pump Intake from Downstream of Dor 
River + 

Underground Water 
Surface Water 
Sources 

Gaya River + Bagh River + Namly Maira 
River:  
200 lps 

Downstream of Dor River (Damtor Site)
200 lps 

Groundwater 
Source 

New: 14.8 lps  
Existing: 93.5 lps (to use continuously 
the wells by Assistance of KfW, which 
were completed in 1999.) 

New: 14.8 lps  
Existing: 93.5 lps (to use continuously 
the wells by Assistance of KfW, which 
were completed in 1999.) 

Intake Bar screen method: 
4 sites 

300m infiltration gallery （φ600） 
Intake pump station (vertical axis 
multistage centrifugal pumps of 
475kWh, head of 303m; 1 pump standby 
among 3 pumps) 

Raw Water 
Transmission 
 

φ500mm    6km 
φ450mm    6km 
φ350mm    1.6km 
φ250mm    0.3km 
φ200mm    7.4km 
φ150mm    2.0km 
   Total           23.3km 

φ450mm    4,203m 
 

Treatment Plant Roughing filtration + slow sand filter 
method 

Slow Sand Filtration 

Well Construction 4 sites 4 sites 
Treated Water 
Transmission 
(surface water) 

Treated Water Transmission: 
φ500     1.8km 
φ450     2.4km 
φ300     1.4km 
φ250          6.7km 
φ200         3.6km 
φ150         6.9km 
φ100         0.8km 
  Total           23.1km 

Treated Water Transmission: 
φ500     1.8km 
φ450     2.4km 
φ300     1.4km 
φ250          6.7km 
φ200         3.6km 
φ150         6.9km 
φ100         0.8km 
  Total           23.1km 

Treated Water 
Transmission 
(underground 
water) 

Water transmission from well: 
φ150         0.8km 
φ100         2.4km 
  Total           3.2km 

Water transmission from well: 
φ150         0.8km 
φ100         2.4km 
  Total           3.2km 



Appendix 6-1-0-18 
 

Land acquisition Well sites:    4 sites 
Plant Site:    1 site 
Intake site:        4 sites 
Distribution reservoir site:      9 sites 
The intake facility of gravity plan is of 
small scale and is located in mountain of 
upstream of river.  Land is not used at 
subject location and there is no problem 
for land acquisition. 

Well sites:    4 sites 
Plant Site:    1 site 
Intake pump station site: 1 site 
Distribution reservoir site:      9 sites
Intake site of pump plan is near existing 
intake pump station that has been 
abandoned.  There is no problem for 
land acquisition. 

Plan A Plan B  
Item 

Surface Water Gravity System + 
Underground Water 

Pump Intake from Downstream of Dor 
River + 

Underground Water 
Intake 33 million yen 782 million yen 

Water 
conveyance 

891 million yen 204 million yen 

Water 
treatment 

369 million yen 282 million yen 

Well 
Construction 

50 million yen 50 million yen 

Replacement 
of well 
pumps 

40 million yen 40 million yen 

Water 
transmission 
(surface water) 

527 million yen 527 million yen 

Water 
transmission 
(underground 

water) 

24 million yen 24 million yen 

Distribution 
Reservoirs 

100 million yen 100 million yen 

C
on

st
ru

ct
io

n 
co

st
 

Total of 
construction 

cost 

2,034 million yen 2,009 million yen 

Annual operation 
and maintenance 
cost for newly 
built facilities 

 
Total: 28 million yen/year 

 
Because of gravity method to treatment 
plant, electrical charge is not necessary 

for maintenance. 

 
Total: 100 million yen/year 

 
Out of the above figures, maintenance 
cost for intake pump operation 
(electrical charge is 69 million yen/year).
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Necessary Multiple for the Present Tariff
 Abbottabad TMA:  2.7 
 Nawansher TMA: 3.2 
 Peripheral Villages:    6.3 
 
Percentage of Water Tariff in the Average 
Household Expenses 
 Abbottabad TMA:  1.8% 
 Nawansher TMA: 1.6% 
 Peripheral Villages:    3.9% 
     Average:          2.9% 

Necessary Multiple for the Present Tariff
 Abbottabad TMA:  6.0 
 Nawansher TMA: 7.0 
 Peripheral Villages:    11.0 
 
Percentage of Water Tariff in the 
Average Household Expenses 
 Abbottabad TMA:  4.0% 
 Nawansher TMA: 3.4% 
 Peripheral Villages:    6.6% 
      Average:          4.9％ 

Influence on 
water tariff 

It is judged that there is sufficient 
possibility to provide maintenance cost 
only with water tariff, by 3 agencies’ 
setting a tariff level within 4 % that is 
suitable level as a ratio occupying 
household income of habitants.  

In 3 agencies, average ratio occupying 
household income exceeds 4% that is 
suitable level.  For operation and 
maintenance, it is possible that 
waterworks cannot be sustained only by 
tariff revenue without subsidy even in 
the future. 
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Plan A Plan B  
Item 

Surface Water Gravity System + 
Underground Water 

Pump Intake from Downstream of Dor River 
+ 

Underground Water 
As for transmission main laying 

along Murree Highway, damage to main 
due to rock falling from slope is taken 
into consideration.  In the places where 
such damage may occur, appropriate 
earth covering shall be considered, and 
high strength and liability pipe materials 
shall be adopted, as well. (As for 
Murree Road, possibility where large 
scale of large collapse disaster of slope 
such as collapse of whole road occurs is 
low, which is not considered.） 

As for occurrence of water leakage 
from transmission main, it is proposed 
to repair the main during small scale 
leakage owing to early detection of 
water leakage by daily route 
surveillance.  A maintenance 
organization is proposed to urgently 
shut down water flow by using gate 
valves installed at interval of 2km at the 
minimum, by any chance. 

Moreover, as for small diameter pipes 
installed in mountainous areas, even if 
they are damaged due to disasters such 
as slope collapse, etc., all the intake 
stations installed in 4 locations are not 
damaged simultaneously, and the other 
intake routes are assured to disperse 
risk. Furthermore, their restoration can 
be treated by the local side, as their 
diameter is small. 

The existing transmission mains to 
Damtor Village have been laid in water 
transmission route in mountainous area 
from Gaya River and in Murree Road. 
These mains have been already operated 
for 15 years or longer, and no big 
disaster has been experienced. (Hearing 
from the present Chief Engineer of 
Works & Service.) 

As the intake pumps are of special high 
head, it is necessary to thoroughly transfer to 
the Pakistani side the knowledge on operation 
and maintenance, especially on surging 
countermeasures, etc. of emergency 
shutdown of pumps during power failure. 
They have no experience of pump intake of 
surface water by such huge pumps, and the 
technical assistance for pump operation is 
required. It seems difficult to take prompt 
action on the site against failures, etc. of 
pumps, as they are large. It is necessary to 
establish route to purchase spare parts, etc. 

In the site where the construction of 
infiltration gallery is planned, the infiltration 
gallery and pumping station were installed in 
1976 to supply water to Damtor Village. 
However, as the turbidity of Dor River 
became very high, the clogging of gallery due 
to sand and silt and the failure of pumps 
occurred frequently.  Each of such accidents 
resulted in long time stoppage of water 
supply, forcedly. Consequently, these 
facilities were abandoned, gravity system 
from upstream river (Gaya River) replaced 
them, as a background. (According to the 
description of Damtor Village Gravity Water 
Supply Plan.） 

Though we could not comprehend detailed 
specifications of the infiltration gallery 
facility, the present Chief Engineer of Works 
& Service, participating in the construction at 
that time, said that the burying depth of 
gallery is 4 ~ 5m. As this depth is similar to 
this comparison plan, the possibility of 
clogging of gallery during rainy season 
cannot be denied, and the countermeasures 
against clogging such as installation of 
diffusing pipes, pressure flushing pipes, etc. 
are required. 

Risk relating 
to business 
effect 

As for the both plans, it is necessary to master the operation and maintenance 
technology of the water treatment plant due to the fact it will be the first facility on site 
as well as the above-mentioned technical features.  Technical assistance such as 
technical guidance is necessary on operation and maintenance of the facilities after 
construction. 
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Evaluation Construction cost    2,034 million yen
Maintenance cost  28 million yen/year 
Land expropriation risk: small 
Tariff increase range: small 
Maintenance risk: middle 

Total: 〇 

Construction cost    2,009 million yen 
Maintenance cost:  100 million yen/year 
Land expropriation risk: small 
Tariff increase range: large 
Maintenance risk: middle 

Total: × 
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Appendix 6-1-A1  Examination of Intake Method at Damtor Intake Point 
 

１． Geological State 

 

Geolory 

Mainly composed of gravel bed from fine-grained sand to cobbles, depth to bedrock is approximately 

20m or more (result of electrical geological exploration). No distribution of large boulders, etc. is 

observed, and it is presumed that mild depositional environment existed in comparison with Harnoi 

confluence point. 

 

Groundwater level 

Groundwater level lowers toward bank at grade of approximately 2.2%, with current river surface on the 

highest level. 

 

Result of pump-up test 

Location: Test well in the following figure: location at approximately 120m from the current 

river. 

Pump-up amount： 0.283m3/min 

Groundwater level： GL-2.675m 

Pump-up water level： GL-3.54m 

Lowering water level: 0.865m 

Influence radius: 15.748m 

Permeability: 0.040m/min=(0.00066m/s) 

Transmissivity: 

Continuous pump-up amount: 0.114m2/min 

Recovery test:  0.095 m2/min 

Average:    0.105 m2/min 

Storage coefficient: 0.410 
Damtor Village 

Murree 
Diluvial 

l

Test well

Base Rock 
Base Rock 
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20

A
p
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2. Review of Infiltration Gallery 

 

Setting of design conditions 

Design pump-up amount: 0.2m3/s 

Inlet velocity from water collecting holes: 0.03m/s or less 

Gallery diameter: Φ1000 

Water collecting holes: 20mm in diameter, 30 holes (per m2) 

 Sectional area of water collecting hole per m of gallery of Φ1000: 0.0296m2 

 Required length L=0.2/0.03/0.0296＝225m 

Groundwater level at gallery locations 

Location A: GL-1.0m (location at 10m from current river) 

Location B: GL-2.675m 

 

Review of pump-up amount 

 

In case the gallery bottom does not reach impermeable layer and depth is not big up to impermeable layer. 

 

 

 

 

Site A 
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Q: Pump-up amount  (m3/s) 0.000853

H: Current groundwater depth (m) 19

h: Depth from gallery water level to 

impermeable layer (m) 16.8

t : Water depth in gallery (m) 0.8

l: Gallery length (m) 1

L: Influence radius R(m) 18

ｒ: Radius in gallery (m) 0.5

k: Permeability (m/s) 0.00066

Digging depth: 4.0m 

 

 

Site B 
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Q: Pump-up amount  (m3/s) 0.000629

H: Current groundwater depth (m) 17.325

h: Depth from gallery water level to 

impermeable layer (m) 15.625

t : Water depth in gallery (m) 0.8

l: Gallery length (m) 1

L: Influence radius R(m) 18

ｒ: Radius in gallery (m) 0.5

k: Permeability (m/s) 0.00066

Digging depth: 5.2m 

 

Required length 

Location A La=170m Location B Lb=100m 

 

Pump-up amount＝170ｘ0.000853＋100ｘ0.000629＝0.21m3/s 

Gallery length: 270m 

 

Junction wells: installed in 3 locations: upstream end of gallery, winding point and downstream end. 

 

 

3. Review of Shallow Well 

 

Groundwater level 

Location A: GL－1.0m 

Location B: GL-2.675m 

Location A: GL－4.0m 

 

Review of pump-up amount 

Conditional equation: in case of intake from well bottom. 
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Location A 

Q: Pump-up amount  (m3/s) 0.013

H: Current groundwater depth (m) 19

h0: Depth from still water level to 

impermeable layer (m) 17

hs: Depth from groundwater level to 

impermeable layer (m) 5

t : Water depth in well (m) 2

R: Influence radius R(m) 18

ｒ0: Well radius (m) 2.5

k: Permeability (m/s) 0.00066

Digging depth: 6m 

Location B 

Q: Pump-up amount  (m3/s) 0.013

H: Current groundwater depth (m) 17.325

h0: Depth from still water level to 

impermeable layer (m) 15.325

hs: Depth from groundwater level to 

impermeable layer (m) 5

t : Water depth in well (m) 2

R: Influence radius R(m) 18

ｒ0: Well radius (m) 2.5

k: Permeability (m/s) 0.00066

Digging depth: 7.675m 
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Location C 

Q: Pump-up amount  (m3/s) 0.013

H: Current groundwater depth (m) 16

h0: Depth from still water level to 

impermeable layer (m) 14

hs: Depth from groundwater level to 

impermeable layer (m) 5

t : Water depth in well (m) 2

R: Influence radius R(m) 18

ｒ0: Well radius (m) 2.5

k: Permeability (m/s) 0.00066

Digging depth: 9m 

 

Required number of wells 

 0.2/0.013=16 wells 

 

Distance between wells 

 18ｘ2=36m 

Total length： 36m x 16=576m 

Figure shows Plan A of arrangement in center of Plan B of arrangement in bank. 

Plan A has a problem in the aspect of river maintenance. 

Shallow wells shall be located near bank, considering river maintenance. 

 

Selection 

If shallow wells and infiltration gallery are compared, 16 shallow wells are required with total length of 

connection pipe of 576m, which is longer than that of infiltration gallery and whose digging depth is 

deeper.  Therefore, shallow wells are not economical. 

 

4. Dewatering during Execution of Infiltration Gallery 

 

 

 

Q: Pump-up amount during work m3/s/m 

k: Permeability (m/s) 

H: Distance between impermeable layer to groundwater level m 

)log(log3.2)(
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ｈ0: Distance between impermeable layer and digging bottom m 

R：2000 x (H－ｈ0) x k1/2 

ｒ：（A/π）1/2 

 

Dewatering amount of location A 

 

In case length of execution for one work process is 30m: 

R=2000 x (20.0 – 15.1) x 0.000661/2=252  

ｒ=(41.4m x 15.6m + 30m x 4.2 /3.14)1/2=11.08 

Q=3.14 x 0.00066 x (202-15.32)/ 2.3(log252 – log11.08) 

 =0.114 m3/s 

 

Work period per 30m: 

 Excavation and temporary construction:  14 days 

 Pipe laying:  2 days 

 Filter installation:  7 days 

 Back filling and temporary construction removal: 2 days 

  Total  25 days➡30 days 

 

Work units: 270m/30m=9 units 

 

Construction work period: 9 x 30 =270➡300 days. 
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Appendix 6-1-A2  Examination of Intake Method at Harnoi Intake Point

-1 Geological State

Harnoi River flows into the  point where installation of infiltration gallery is planned, 
 and it is told that considerable flow amount flows in with cobbles during flooding.
The installation location of inflitration gallery is planned 
approximately 150m upstream from the confluence with Harnoi River.

As geological state, 1 ~ 2m large boulders are scattered on riverbed surface, 
and boulder layer containing 0.6 ~ 0.8m large gravels is distributed up to depth of 3.5m.
As for the  layer of depth of 3.5m or more, it is presumed based upon electrical geological exploration 
that 1 ~ 2m large boulders appear again between 7 ~ 10m and bedrock is distributed around 13 ~ 18m.
.

As gravel layer consists mainly of cobbles and boulders, water permeability is good.  
Underground water level lowers at grade of approximately 1.36% toward bank, with current river surface on the highest level.
(Groundwater level at pump-up test location is GL-0.86m.)
Furthermore, it is certain that 1 ~ 2m large boulders flow down during flooding.  
If facilities are constructed on riverbed, damage and flowing-out may occur without impregnable structure. 

-2 Idea of infiltration gallery

When the dimensions of infiltration gallery are determined, 
the pipe is perforated Hume pipe with hole diameter of f20mm and 30 holes/m2. 
 (Refer to page 99 of Waterworks Design Guideline.)

Perforated Humef1000 × 230 m earth cove 3.36 m
Pump-up a 0.201 m3/s

Hole diameter f20 � 30 holes/m2
Rate of hole area 0.94

Rate of inflow 2.95 cm/s

Calculation of pump-up amount 
( a case is supposed where the infiltration gallery bottom does not reach impermeable layer, and the impermeable layer is not significantly deep.)

As already mentioned, the presumed rock surface is inclined 
and the planned infiltration gallery point is located relatively near to the main stream of the river.
It is assumed that the rock surface is at GL-16m and the groundwater level GL-0.9m.
Furthermore, the water level in infiltration gallery is assumed GL-3.2m.

Q: Pump-up amount  (m3/s) 0.433

H: Current groundwater depth (m) 15.1
h: Depth from gallery water level to impermea 12.8
t: Water depth in gallery (m) 0.8
l: Gallery length (m) 230
L: Influence radius R(m) 20
r: Radius in gallery (m) 0.5
k: Permeability (m/s) 0.001738

From the above-mentioned, the rate of inflow is 0.43m3/s and intake amout of 200l/s can be ensured sufficiently.

On the top and side of the pipe, there are filled from inside to outside 50cm of cobblestones, 50cm of gravels and 50cm of coarse sands.
Distance from the top of coarse sands to the current groundwater level is 0.5m (margin from groundwater surface to filter media).
Distance from the current groundwater level to ground surface is 0.9m (during pump-up test).
Accordingly, earth covering of perforated Hume pipe is 3.36m (=0.50 X 3 + 1.00 + 0.86).
Excavation depth is 4.6m.

Intake pump well. 1 well

Junction well/ins W2.0m×L2.0m×H6.5m (underground: 5.5m; surface: 1.00 4 wells
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-3 Shallow well system

Shallow well f5.00m × H 5.6 m 11 wells
(underground: 4.6m; surface: 1.00m; water depth: 2.00m)

Pump-up amoun 0.0191 m3/s × 11 = 0.210 m3/s

Well interval 30 m

Intake connectinBore diameter ? f400, L= 330 m (=30×11)

Intake pump well. 1 well

Calculation of pump-up amount (only the portion from well bottom is considered.)

Shallow well is planned at the point near to river bank.  Considering the gradient of rock surface, the rock surface is presumed at GL-13m.
Furthermore, as the groundwater level lowers at approximately 1.36% toward river bank, GL-1.5m is presumed.
Assuming that the well bottom is lower by (t=2m) than well inside water level
and the excavation depth is the same as that of infiltration gallery of 4.6m, the calculation is performed.

Q: Pump-up amount  (m3/s) 0.01912

H: Current groundwater depth (m) 11.5
h0: Depth from still water level to impermeab 10.4
hs: Depth from groundwater level to imperme 3.1
t: Water depth in well (m) 2
R: Influence radius R(m) 15
r0: Well radius (m) 2.5
k: Permeability (m/s) 0.001738

Facility layout 11 shallow wells are allocated at 30m interval as long as approximately 0.6km toward upstream direction from intake pump well.
Intake connecting pipes of 400~100mm diameter are installed approximately 330m long from 20 shallow wells to intake pump well.

-4 Selection

The intake system is determined to be infiltration gallery system because of the following reasons:

With the infiltration gallery system, gallery earth covering can be 2.9m 
owing to high permeability layer and sufficient groundwater level, permitting appropriate plan.
Furthermore, the layout corresponding to the present situation can be adopted.

On the other hand, the shallow well system requires 11 shallow wells at 30m interval, 
considering the pump-up affected zone of each well.  Shallow wells are allocated upstream from intake pump well.
Therefore, it is necessary to install intake connecting pipe of approximately 330m to connect shallow wells and intake pump well.
Since the layout plan of these shallow wells is rather difficult 
and the construction cost is higher than the infiltration gallery system, constructing the facilities in a wide range,
the expenditure for maintenance in the future will be big.

-5 Problems

The biggest problem is dewatering and water shut-off during execution of works.
Excavation from GL up to the depth of 4.6m is required for installation of infiltration pipes.
The groundwater of GL-0.9m at normal time should be lowered approximately 3.7m, and lowering of 4.6m during anomaly is necessary.

As for the drain in this case, the surface width becomes 15.4m with the bottom excavation width of 4.2m and the gradient of 10%.

Roughly estimp×k×(H2-h’2)/(2.3×(log R-log r)) 0.195 m3/s

R: Influence radius R(m)
R=2000Svk 400

S: Water level descent value (m) 4.8
r: Assumed well radius R(m)

r=v(A/p) 10.2
A: Object area
H: Current groundwater depth (m) 16
h': Depth from excavation bottom level to imp 11.2
k: Permeability (m/s) 0.001738

Though the coefficient of permeability is 0.195m3/s by calculation, 
the variation might be big due to boulder layer and the posibility to partially encounter the layer of high permeability coefficient can be well supposed.
It is necessary to expect the dewatering of approximately 0.3m3/s.
Accordingly, the execution becomes difficult due to boulders and dewatering.

Q=4kr0(H-h0)

H

2ro

t

hs

R

ho

Appendix 6-1-A2 - 2



Appendix 6-1-A2-3 

 

Figure Proposed Arrangement of Intake Facilities at Harnoi 

Pump Well

Pump Well 

Junction 
Well 

Junction 
Well 

Junction 
Well 

D = 1,000 mm 
L = 90 m 

D = 1,000 mm 
L = 60 m 

D = 1,000 mm
L = 80 m 
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Appendix 6-1-A3  Result of Water Quality Analysis 

 

Sampling date 178; 2004/07/02, 183,184; 2004/10/02 

Note: 178 – Harnoi,  183 – Dhamtaur、 184－The river near the Treatment proposed site 
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