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PEDO

PAKHTUNKHWA ENERGY DEVELOPMENT ORGANIZATION
Government of Khyber Pakhtunkhwa Peshawar

Daral Khwar Hydropower Project

No.381/PEDO/PM/DKHP/
Dated Peshawar 14" June 2016

To

The Registrar
National Electric Power Regulatory Authority (NEPRA)

Nepra Tower Attaturk Avenue (East),
G-5/1, Islamabad.

Subject: 36.6 MW Daral Khawr Hydropower Project, District Swat,
Khyber Pakhtunkhwa, Application for Generation License

1. |, Muhammad Irfan, Project Manager, Daral Khawar Project of Pakhtunkhwa Energy
Development Organization (PEDO) being the duly Authorised representative of PEDO by
virtue of authority letter No.5618/PEDO/CEO  dated 14-06-2016. hereby apply to National
Electric Power Regulatory Authority for the grant of a Generation Licence to PEDO for 36.6
MW Daral Khawr Hydropower Project, pursuant to the Regulation of Generation,
Transmission and Distribution of Electric Power Act, 1997.

2. |, certify that the documents-in-support attached with this application are prepared and
submitted in conformity with the provisions of the National Electric Power Regulatory
Authonity Licensing (Application and Modification Procedure) Regulations, 1999 and
undertake to abide by the terms and provisions of the above-said regulations. 1 further
undertake and confirm that the information provided in the attached documents-in-support is
true and correct to the best of my knowledge and belief.

3. A BANK DRAFT for the sum of Rupees 286,016- (Rs. Two Hundred Eighty Six Thousand
and Sixteen Only) being the non-refundable licence application fee calculated in accordance
with Schedule |l to the National Electric Power Regulatory Authority Licensing (Application
and Moaodification Procedure) Regulations, 1999, is also attached herewith.

Regards

roject Manager
" Daral Khawar HPP,
PEDO, Swat



Name ol Company:

Check List for Examination of

New Generation Facility (Hydel) - Licence Application

Pakhtunkhwa Energy Development Organization (PEDO)

Capacity: 36.6 MW
Prepared/Updated on: 13.06.2016
Regulation Information/Documents Required Compliance Remarks
# Yes No.
3¢1) Authorization from Board Resolution / Yes Atiched
Power of Altorney I o
3(3) Application fee (including Indexation) Yes Bank Diatt Auachicd
3(4) Three copies of Application Yes Atiached
3(5)(a)(i) Certificate of incorporation Yes PEDQ is a public sector
organizatio\n and therefore it is not
required. o
3(5)@)it) Memorandum and articles of association Yes PEDQ is public scctor organization
and is exempt under Section 24 of
NEPRA therefore it is not required
3(5)(a)(iii) Annrual Return statements or in lieu No | PEDO is public sector organization
thereof and therefore it is not required to
B submit Annual Return Statement.
3(5)(b) Profile of expericnce of the applicant its | Yes Brief of PEDO is Attached
management, staff and its members in
power sector. B o
3(5)(¢) CVs of applicant’s Senior Management | Yes Attached
and Technical protessionals o ]
35)d)i) Cash balance & bunk certificates Yes PEDO is public scctor organization
and therefore it is not required |
(5 d)yn) Expression of interest to provide credit | Yes Funding by Government of Khabei
or financing along with sources and Pah ik diw
details thereof o
3(5)(d)ii) Latest financial statements Yes PEDO is public scetor organization
e and therefore itis not required |
3G)d)Xv) Employment vecords of Engineers & | Yes CVs af Senior Officials of PEDO
Technical Statf 3 are Altached. I
35)dXy) Profile of Sub-contractors Yes Profile of M/s SINOTECH and M/s
) SHPE Attached.
35X d)(vi) Verified reterences wor.l. experience of | Yes EPC awarded under P1 ¢ rules after
the Applicant and its sub-Contractors ICB and complete verification of
contractors.
35)(e) Encumbrance on assels Yes Funding by Government of Khyber
o Pakhinuklin o o
3(5) D) Technical and fiancial proposal for | Yes EPC executed and work in progress
Operation, maintenance, planning and under  the  EPC signed  with
development of the generation facility. consortium of
SINOTECH/SHPE/GRC of China.
3(5)(g)(a) Type of Technology Hydel Details provided in Prospeclus
3(5)(h) Feasibility Report Yes Attached T
3(5)(1) Prospectus Yes Atlached




Schedule 11

l. Location (location ‘maps, site maps) land | District Details provided in Prospectus
Swat
2. Plant: run of river, slomg,e, weir Run  of Located on Daral Khawar, a
River vight tributary of River Swal.
- _—
3. Head: Minimum, maximum Max Net Head =294.0m
Min Net Head = 275.15m
4, Technology: Francis, Pelion, etc. Size, | Pelton 2x I5.3MW= 30.6MW
number of units. Ix 6.0MW =6MW
5. Tunnel (if proposed): length, diameter Yes Length 307 1m
Diameter 3.2m B
6. ESSA  (Environmental and  Social | Yes Approvat beter Adtached
Soundness Assessinent)
7. Detailed feasibility report Yes Copy Attached
8. Resettlement issues No Settled
9. Consents LIA and land acquisition
alrcady approved. Customs
and other dutics at
concessionary rates will be
applicable as per GOP/ Gowvt
of  Kinber  Palhiunkliwa
Policy.
. L PESCO Consent Attached
10. lnfrastructure development Included in EPC Contract
Page ER-122 0]
Employer's Requirement
(Copy Attached).
+ Access Road 10 Intake
Complex. (8 km)
. Interconnection with National Grid Co. | Yes Madyan, Swal T
distance and name of nearest grid, voltage . .
c and hame of earest g a4 10 ke from Daral Khwar PP
level (single line diagram)
132 kV,
Cousent  Letier ot PENCO
Attached
12, Project  cost, information regarding Project Cost 8,52 Billion

sources and amounts of equity and debt.

Financial Plan & Mode of
Financing {C-1)

Annual Doy Progiin (ADP)
- ZUU.U

Hydel Dy Tuad (i
S8U




13. Project schedule, expected life Construction period:
36months,
Exiended to 42 months.
Project lite 30 years,
4. Peaking/base load operation Base load
15. Plant characteristics: generation voltage, Gen. Voltage : [ 1 KV
power factor, frequency, automatic Pr:08
generation control, ramping rate, control T
metering and instrumentation Frequency: 50 He,
Interconnection at 132 KV
with PESCO grid station at
Madyan.  (Consemt  Lctter
Attached)
16. Systcn{';iﬁ_drigsrl’oud'mlioj\}, short circuit, Copy attached. T
stability.
17. Training and development Details provided in Contract

(See Pg LER-16 1w ER-1Y9,
Employer's Reguirement
(Copy Aittached))




Schedule I - 3(1)

AUTHORIZATION LETTER



PEDO

PAKHTUNKHWA ENERGY DEVELOPMENT ORGANIZATION
_Government of Khyber Pakhtunkhwa Peshawar

. — P, .

No.5618/PEDO/CEQ
Dated Peshawar 14" June 2016

TO WHOM IT MAY CONCERN

Mr. Muhamamd Ifan S/o Abdur Rauf bearing CNIC No 17301-1409318-3 is hereby
appointed as authorized representative of Pakhtunkhwa Energy Development Organization
(PEDQ), for the purpose of filing an application for Determination of Tariff for Daral Khawar
Hydropower Project and to submit before NEPRA, an application for grant of Generation
License for the said project. He is also authorized to attend any meeting(s) and discussion
related to the determination of tariff and grant of generation license and to provide any

information & documents needed in this regard.

(Akbar Ayub Khan)

Chief Exceutive Officer
PEDO



Generation License

Pakhtunkhwa Energy Development Organization (PEDO)
Daral Khawar Hydropower Project
District Swat

Article - 1
Definitions

(1) In this Licence:

a. "Act” means the Reguiation of Generation, Transmission and Distribution of
Electric Power Act, 1997 (XL of 1997);

b. “Authority” means the National Electric Power Regulatory Authority constituted

under Section 3 of the Act.

“Licensee” means Pakhtunkhawa Energy Development Organization (PEDO).

“Rules” mean the National Electric Power Regulatory Authority Licensing

(Generation) Rules, 2000.

Qo

(2) Words and expressions used but not defined herein bear the meaning given
thereto in the Act or in the Ruies.

Article — 2
Application of Rules

This Licence is issued subject to the provisions of the Rules, as amended from time
to time.

Article - 3
Generation Facilities

(1) The location, size, technology, interconnection arrangements technical limits,
technical functional specifications and other details specific to the generation
facilities of the licensee are set out in Schedule - | to this Licence.

(2) The net capacity of the generation facilities is set out in Schedule - Il hereto.

(3) The Licensee shali provide the final arrangement, technical and financial
specifications and other details specific to generation facilities before
commissioning of the generation facilities.



Generation License

Pakhtunkhwa Energy Development Organization (PEDO)
Daral Khawar Hydropower Project
District Swat

Article - 4
Term

(1) The Licence is granted for a term of thirty (30) years after the commercial

operation date.

(2) Unless revoked earlier, the licensee may, ninety (90) days prior to the expiry
of the term of the licence, apply for renewal of the Licence under the Licensing
(Application and Modification Procedure) Regulation, 1999,

Article - 5
Licence Fee

The Licensee shall pay to the Authority the Licence fee in the amount and manner
and at the time specified in the National Electric Power Regulatory Authority (Fee)

Rules, 2002.

Article — 6
Tariff

The Licensee shall charge from its consumers only such tariff which has been

approved by the Authority.

Article — 7
Competitive Trading Arrangement

(1) The Licensee shall participate in such measures as may be directed by the
Authority from time to time for development of the Competitive Trading
Arrangement. The Licensee shall in good faith work towards implementation
and operation of the aforesaid Competitive Trading Arrangement in the manner
and time period specified by the Authority:

Provided that, any such participation shall be subject to any contract entered
into between the Licensee and another party with the approval of the Authority.

(2) Any variation and madification in the above mentioned contracts for allowing
the parties thereto to participate wholly or partially in the Competitive Trading
Arrangement shall be subject to mutual agreement of the parties thereto and
such terms and conditions as may be approved by the Authority.



Generation License

Pakhtunkhwa Energy Development Organization (PEDO)
Daral Khawar Hydropower Project

District Swat

Article — 8
Maintenance of Records

For the purpose of sub-rule (1) of Rule 19 of the Rules, copies of records and data
shall be retained in standard and electronic form and all such records and data shall,
subject to just claims of confidentiality, be accessible by the authorized officials of the

Authority.

Article ~ 9
Compliance with Performance Standards

The Licensee shall conform to the relevant NEPRA rules on Performance Standards
as may be prescribed by the Authority from time to time.

Article - 10
Compliance with Environmental Standards

The Licensee shall conform to the environmental standards as may be prescribed by
the relevant competent authority from time to time.

Article — 11
Provision of information

(1) The obligation of the licensee to provide information to the Authority shall be in
accordance with Section 44 of the Act.

(2) The licensee shall be subject to such penalties as may be specified in the
relevant rules made by the Authority for failure to furnish such information as
may be required from time to time by the Authority and which is or ought to be
or have been in the control or possession of the licensee.



Generation License

Pakhtunkhwa Energy Development Organization (PEDO)
Daral Khawar Hydropower Project

District Swat

Schedule —1

It contains the foliowing information / drawings / sketches relating to the Power Plant
Equipment and related System which are attached here with:

Plant Details

L

General Information

Plant Configuration

Fuel Details

Emission Values

Installed Capacity

Derated Capacity

Expected Life

Operation Record

Cooling System

Plant Characteristics

Other details specific to the generation facility of the licensee such as:
o Technical Limits of the Plant
o Site Plan of Daral khawar Power Plant
o General Layout of entire Daral khawar Power Piant
o Interconnection Arrangements with National Grid



>

Generation License

Pakhtunkhwa Energy Development Organization (PEDO)
Daral Khawar Hydropower Project
District Swat

Plant Details

General Information

Name of Applicant - Pakhtunkhwa Energy Development Organization (PEDO)
Address of the registered office ~------——- PEDO House, 38/B-2, Phase
V, Hayatabad, Pwshawar

Plant Location Near Bahrain, District Swat,,
Khyber Pakhtunkhwa
High Head Hydropower Project

Type of Facility

. Plant Configuration

Low Head Hydropower turbines N.A

Capacity of the Power Plant (Net Power Output)-—- 36.234 MW

Type of Technology High head hydropower
generation

Number of Units / Capacity 2 Nos. 15.3MW +1 No. 6.0MW
= 36.6MW

Power Plant Make and Model High head Pelton turbines
Commissioning Date July 2016

. Fuel Details

Type of Fuel Hydropower Generation
Fuel (Imported / Indigenous) N A
Fuel Supplier N.A

With Irrigation Deptt. GoKPK

Water Use Agreement

Emission values

SOx NA

NOx A NA

co NA

PM10 NA
installed Capacity 36.6 MW
Derated Capacity 36.60 MW
Expected Life of the Facility 30 years

Operation Record

New Plant to be
commissioned by July 2016



Generation License

Pakhtunkhwa Energy Development Organization (PEDO)

8. Plant Characteristics

Daral Khawar Hydropower Project
District Swat

¢ Generating Voltage 11 KV
e Frequency 50 Hz
¢ Power Factor 0.8
+ Automatic Generation Controf Yes
¢ Ramping Time 5 minutes
¢ Alternative Fuel No
¢ Auxiliary Consumption 366 KW
¢ Time required to Synchronise 3 minute
SCHEDULE -1l
The Net Capacity of the Licensee's Generation Facility
* Gross Instalied Capacity of the Plant (ISO) -—--—-— 36.6 MW
e Derated Capacity of the Plant 36.6 MW
e Auxiliary Consumption of the Plant 0.366 MW at 1% of Installed.
* Net Capacity of the Plant 36.234 MW
¢ Construction Period 36 months
+ Expected date of Commercial Qperation of the Plant — July, 2016

Note: These are indicative figures provided by the Licensee.

The Net Capacity of the Plant available for dispatch to Power Purchaser will be determined
through procedures contained in the EPC Agreements or Grid Code.

Interconnection Arrangement with National Grid for Power Evacuation of the

Plant

The project is proposed to be connected with the PESCO nearest 132 KV Grid
Station Madyan, for evacuation of energy generated by the project. Consent letter by

PESCO attached.



Schedule | - 3(5)(b)

PROFILE OF PEDO



PAKHTUNKHWA ENERGY DEVELOPMENT ORGANIZATION
(PEDO)

GOVERNMENT OF KHYBER PAKHTUNKHWA
¢
-
N

Development Activities in
Hydro Power Sector of
Khyber Pakhtunkhwa

June 2016
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PAKHTUNKHWA ENERGY DEVELOPMENT ORGANIZATION

1. Introduction

Khyber Pakhtunkhwa province of Pakistan is blessed with huge hydropower potential.
This potential remained focus of interest to private investors and international funding
agencies. Most of the hydel projects of Pakistan including Tarbela and Warsak

hydropower stations are located in KP.

Pakhtunkhwa Energy Development Organization (PEDQ), since its inception in 1986,
has been instrumental in identifying and exploiting hydel potential in Khyber
Pakhtunkhwa. The organization is under the administrative control of lrrigation and
Power Department of Provincial Government and is governed by the Board of
Directors. PEDO has so far identified a number of promising hydel potential sites of
more than 6000 MW capacity which can be developed in a systematic manner either

through Public or Private sector.

I Objectives of the Organization

o Prepare comprehensive plan for development of the power and energy
resources of the province.

* Frame schemes related to Generation, Transmission and Distribution of power,
construction, maintenance and operation of powerhouses.

s Advisory body for the Government of KP in power sector matters regarding
hydropower development.

e Conducting feasibility studies, surveys of hydel potential sites etc.

¢ |Implementation of Provincial Hydel Power Policy to promote private sector

investment in generation, transmission and distribution of power.

. Role of PEDO

The Provincial Government has entrusted a dynamic role to PEDO, which mainly
oriented towards private sponsors partticipation power sector projects besides
developing projects in public sector. PEDO has established a dedicated Directorate

to provide one window facility to private sponsors.

lil. PEDOQ Organization



As eight members Board of Directors under the chairmanship of the Chief Minister

of Khyber Pakhtunkhwa governs affairs of PEDO. The members include Minister
Irrigation and Power, Minister Finance, Additional Chief Secretary, Secretary

Irrigation and Power, Secretary Finance, Secretary Law and Managing Director

PEDO. The head office of the Organization is at Peshawar.
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PEDOQ, with the assistance of GTZ (German Agency for Technical Cooperation), has
complied a Master Plan for rural electrification in the Northern mountainous areas of KP
with particular emphasis on those areas which were not connected to the National Grid
System. The Master Plan entails a total potential of more than 6000 MW that has been

identified for public and private sector development. The hydropower potential sites are



mainly located in the Northern districts of KP i.e. Chitral, Dir, Swat, indus Kohistan and

Mansehra.
I Small Hydel Potential Sites

The Master Plan envisages small scale potential sites having total capacity of about
240 MW, comprising 53 hydel potential sites. These sites are suitable for regional

supply to isolated communities in the mountainous areas of KP. The district wise

breakup of sites is as follows:

Sr# Region Nos. of Sites Power
Potential
- (MW)

1 Upper Chitral 12 80

2 Lower Chitral 10 68

3 Kohistan 4 6

4 Swat 5 5

5 Mansehra West 2 19

6 | Kaghan Valiey 3 13

7 | Dir 17 50
TOTAL 53 241

L. Medium/Large Hydropower System

During field investigations, some very attractive sites of medium and large

hydropower potential were also identified by PEDO.

Sr# | Name of Project/ Location | Capacity Remarks
| | (MW)
1 Kandiah System, Kohistan 1002 Private sector is developing
these sites under Federal
a. Karang Scheme 454 MW Power Policy
b. Kaigah Scheme 548 MW
2 | Swat System, Swat 659 |
a. Upper Scheme A1 101 -do-
MW
b. Middle Scheme, B1 410
MW
c. Lower Scheme C1 148
MW
3 | Spat Gah, Kohistan 1250 WAPDA has undertaken the
a. Upper Scheme 200 MW feasibility study through KfWw,
b. Middle Scheme 550 MW Germany

¢. Lower Scheme 500 MW




4 | Chor Nala System, Konistan 1500
a. Scheme C-li 760 MW “do-
b. Scheme C-I 650 MW
c. Scheme K-l 150 MW
5 | Kunhar River System, 865 Private sector is developing

Mansehra

a. Naran 215 MW
b. Suki Kinar 840
MW

these sites under Federa
Power Policy

Feasibility Studies Completed

Out of the identified sites, PEDO has completed feasibility studies of the following

potential sites. These schemes are in various stages of implementation.

Sr# | Name of Project / Location | Capacity Remarks
(MW)
1 Daral Khwar HPP, Swat 36 Under implementation
‘ ‘ through ADB Loan
2.| Ranolia HPP, Kohistan 1 -do-
3.| Pehur HPP, Swabi 18 Constructed by PEDO
4.) Summar Gah HPP, Kohistan 28 Suitable for private sector
5.1 Batal Khwar HPP, Swat 8 Suitable for private sector
Close to Award of EPC
6.| Matiltan HPP, Swat 84 Contract and to start
- construction in 2016-17

7.} Khan Khwar HPP, Besham 72 Picked up by WAPDA for
8.| Duber Khwar HPP, Kohistan 130 implementation
9.| Aliai Khwar HPP, Batagram 120 ~
10 Shushgai-Zhendaoli, Chitrai 144
11 Shogo-Sin, Chitral 132
12 BooniZait (Tore More Kari) 350

Chitral
13 Balakot HPP, Mansehra 300
14 Jameshili More Lasht, Chitral 260
15 Mujigram-Shaghore HPP, 64

Chitral B ]
1§ Barikot Patrak HPP, Upper Dir 47 _
17 Sgtrak—Shringal HPP, Upper 22 o

ir

18 Istaro-Booni HPP, Chitral 72
19 Gahrir-Swir  Lasht  HPP, 377

Chitral |

Total - 2275 N

6



3. Hydropower Projects Completed

PEDO, after successfui completion of following four small and medium size hydel
projects with its own resources is planning to launch number of small, medium and

large hydropower projects in view urgency for combating energy crises in the country.

Projects Completed by PEDO

Sr# Name of Scheme Location | Capacity
(MW)
[ Malakand-lii HPP Malakand 81
i | Pehur HPP Swat 18
i | Shishi HPP Chitral 1.8
iv_ | Reshun HPP Chitrai 4.2
Total Installed Capacity 105

These projects are not only contributing towards the reduction in load shedding but also

generating annual revenue of Rs 2 to 3 billion for the province.

Besides the above compieted Hydropower Projects, PEDO is implementing following
projects with the assistance of Asian Development Bank (ADB) for the development of
Hydropower Potential in Khyber Pakhtunkhwa province which wili be completed within

three years.

Projects under Construction

Sr# Name of Scheme Location | Capacity
.f (MW)
i Koto, HPP Dir Lower 40
i | Karora HPP Shangia 11
i | Jabori HPP Mansehra 10
Total Capacity 61

The Honorable Chief Minister has issued special directives for the implementation of
hydel projects to address the acute energy crises in the country. In this regard, PEDO
prepared an ACTION PLAN which has been approved by the Provincial Government of
Khyber Pakhtunkhwa, under which PEDO will construct the following eight (8) Hydel
Projects having a installed capacity of 593 MW,



Construction Projects

Sr#|  Name of Scheme Location | Capacity
(MW)
1 Matiltan HPP Swat 84
2 | Sharnai HPP Dir 115
3 | Koto HPP Dir 31
4 | Karora HPP Shangla 10
5 | Jabori HPP Mansehra 8
6 | Shushai-Zhendoli HPP Chitral 144
7 | Shogo Sin HPP Chitral 132
8 |[Lawi HPP Chitral 69
Total Capacity 593

in order to promote Private Sector investment in the Hydel Sector the following 6 sites

have been offered in the Private Sector.

Sites Offered under Private Sector

Sr# Name of Scheme Location | Capacity

| (MW)
1. | Arkari Gol HPP Chitral 99

2. | Naran Dam HPP Mansehra 188

3. | Shigo Kach HPP Dir Lower 102
-4. | Ghor Band HPP Shangia 21
5. | Batakundi HPP Mansehra 96
6. | Nandihar HPP Batagram 12

Total Capacity 518 |

in order to facilitate the private sector, PEDO has also conducting Pre-Feasibility study
of 10 raw sites in various districts of Khyber Pakhtunkhwa Province and these sites

have been offered to private sector for development.
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Pakhtunkhwa Energy Development Organization (PEDO)
Government of Khyber Pakhtukhwa
Daral Khawar Hydropower Project 36.6 MW
Bahrain, District Swat
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PROSPECTUS OF DARAL KHAWR ROJECT (36.6 MW)

1. Project Brief

a.

introduction

Daral Khawr Hydropower Project is a run of the river hydropower project. It is located in
the Khyber Pakhtunkhwa Province of Pakistan and on the Daral Khwar Nutlah, a right
tributary of River Swat near Bahrain Town, in the District Swat of Malakand Division.

. Background

The Daral Khawr hydropower project was first mentioned as part of the master plan for
electrification of mountainous regions in KPK on the basis of proximity power. The
master plan was carried out in seven planning regions including the Swat valley. The
catchment of the Swat River and its tributaries north of Madyan town represents the
planning region of Swat River. The Planning region was divided into four parts:

¢ the north-western part (System I)

« the northern part (System tl)

« the central part (System Iit)

¢ the partially electrified southern part (System 1V} which is connected to the WAPDA
grid.

The long term power system expansion plans developed for the various regions have
been based on a least cost solution. As a first outcome of the planning study, the Batal
Khwar hydropower project was recommended as a least cost solution with a design
capacity of 1.68 MW. The power station should supply System Ili.

The original two sites at Daral Khawar and Ari Bahrain were combined to the Daral
Khwar hydropower project in the 2nqs edition of the master plan. The site was estimated
at being feasible and selected for the development of a feasibility study which was
carried out by GTZ/SHYDO during 1996-1998. The final report is dated May 1998.

Extensive field reconnaissance, topographical survey, hydrological and geotechnical
investigations and engineering studies were carried out for the preparation of the
GTZ/SHYDO Feasibility study (May, 1998). The study consists of 13 Volumes (2
volumes of Main report and 11 Appendices):

¢ Volume 1: Main Report

e Volume 2: Main Report: Drawings

« Volume 3. Appendix 2: Power Market

¢ Volume 4-6: Appendix 3: Topographical Survey

* Volume 7: Appendix 5.1: Geology

e Volume 8: Appendix 5.2: Engineering Geology

¢ Volume 9: Appendix 6: Environmental Impact Assessment
* Volume 10: Appendix 7: Selection of Plant Layout

* Volume 11: Appendix 8: Hydraulic and Static Calculation
* Volume 12: Appendix 9: Transport & Access Facilities

» Volume 13: Appendix 10: Report on load flow short circuit and Stability Analysis
« \Volume 14: Appendix 11: Cost Estimates Civil Works

¢ Volume 15: Appendix 12: Economic Analysis.



A number of aspects have been investigated and analyzed beyond the requirements of
a feasibility study because the project was part of the development of an overall supply
strategy for the upper Swat valley and the study was developed in the framework of the
German-Pakistani bilateral Technical Cooperation which included a significant capacity
building component.

Daral Khwar Hydropower Feasibility Study Daral-Final-01-05-06.

« The study has been critically reviewed in all aspects. in generai:

e The project is estimated at being technically feasible

e The technical design is appropriate and represents the best option in general

e The geological and geo-technical, investigations and surveys provide sufficient and
reliable data.

In the following review, emphasis has therefore been laid on:

« Discussion and improvement of technical layout where appropriate

Review and update of
¢ Transport and Access facilities
¢« Cost Estimates
¢ Economic and Financial Analyses
« Environmental Aspects
s Resettlement Aspects.

All information from the GTZ/SHYDO study necessary for the presentation of the
overall picture has been incorporated in this study. Maps, drawings and figures taken
without changes are marked accordingly.

For minor important aspects or for additional information on a more general basis,
reference is made to the above mentioned GTZ/SHYDO study as well as to the
Regional Development Study on the upper Swat valley; GTZ/SHYDO, 1994.

Feasibility Review by Management Consultants (2008)

M/s Associated Consulting Engineers — ACE (Pvt.) Ltd. in association with ILF
Consulting Engineers — Austria have been appointed as the Management Consuiltants.
The scope of the Consultancy Services Agreement includes supervision, coordination
and technical input for continuous and diligent services to oversee the execution of
Daral Khwar Hydropower Project. The services also include support to the Project
starting with the review of Feasibility Report prepared by ADB Consultants, to assist in
selection of the EPC Contractor, upto the Final Commissioning of the Project.

This report contains review of the Feasibility Study carried out by Integration
Environment & Energy Ltd (2005) and is being submitted in partial fulfilment of
reporting requirement as specified in Appendix-B to the MC's consultancy services
contract agreement. Following volumes of the feasibility report of ADB Consultants
have been reviewed under this report.

e Volume 1.1: Technical Report - Main Report & Annexes - Dok. No. ADB TA N0.4425-AK
(TAR34339-01)



e Volume 1.2: Technicai Report — Appendices

o Volume 2 of 4: Ecanomic and Financial Analysis
« Volume 3 of 4; Environment Assessment

e Volume 4 of 4; Resettiement Plan

t is stated that generally the study is of good quality. However, deficiencies and
needed improvements pointed out by ACE / ILF Specialists (in their respective fields)
are explained in the forthcoming sections.

Feasibility Review Report was accordingly prepared by ACE /iLF and submitted to the
client December 2008. The client approved the revised status of the Project in January
2008.

. Project Objective

Primary objective of the Project is to generate 36.6 MW hydropower with average
annual energy production of 154 GW.

. Project Components

The Project consists of a intake; weir and diversion works; connection channel; sand
trap and headrace tunnel; penstock; valve chamber; powerhouse and tailrace,
switchyard; Employer's offices and Colony, and access roads.

. Salient Project Features

Main components of the Project include Weir, Intake Structure, Connecting Channel,
Gravel Spill, Sand Trap, Headrace Tunnel, Surge Chamber, Valve Chamber,
Embedded Penstock, Powerhouse, 132kV Transmission Line and 132 KVA Switch
Gear.

Salient Contract Features and Milestones

= No. of Units 3

= Total Installed Capacity 36.6 MW

=  Maximum Head / Minimum Head 294m/ 275.15m
= Design Discharge 15 m’ls

= Weir Type Fixed Sill

= Height above River Bed 515 m

»  Weir Length 39.8m

* Sand Trap Length 994 m

*= Proposed Road 10 Km

» Tunnel Length / Diameter 3071 m/3.2m

=  Embedded Penstock 840 m long

= Surge Tank Cross-Section 19.6 m?

» Mean Annual Energy 149.7 GWh

»  Turbine Pelton

= Nos. of Turbines 2x 15.3MW and 1x 6. OMW

e Contract Cost Rs. 8.32 Billion
* Advance Payment by PHYDO 10 %

+ Date of Signing of Contract 11 April, 2012
¢ Ground Breaking Ceremony 30 April, 2012
¢ Time for Completion 42 Months



Main Environmental Aspects

Daral Khawar Hydropower Project is one of small and medium sized hydropower projects
proposed in the valley systems of Khyber Pakhtunkhwa. Such schemes will heip to extend the
national power supply and distribution systems to remote areas at the same time project will
help in the supply Pakistan's overall energy needs.

Environmental impacts of the scheme during construction and during operations have been
considered and discussed in Initial Environmental Examination {IEE) report which has been
prepared to discuss and justify the impacts on the environment because of the projects. The
report has determined that there would not be any significantly negative impact on the
environment. Rather, considering the fact that there would be zero carbon emission, this
project would offset equivalent carbon emissions from equivalent thermal capacity project.
There will be some very negligible effect on the environment because of the construction
activities, but the positive effects because of the project during the construction and during
operation outnumber the negative impacts of the project. IEE for the project has been duly
approved by the competent authority.

The main environmental impacts of the project relate to:
o Construction of the access road to surge tank and weir sites on steep slopes,

e Partial loss of few houses and loss of agricultural land at the powerhouse and tail race
sites,

The latter has the potential to affect the water needs of the population in the valley during the
winter months when the river has a much reduced natural flow already. It was supplying micro
hydro-projects providing electricity to the people of the main town of Bahrain as well as water
to grain grinding mills which, both, have been washed away by the heavy flood of July, 2010.
Bahrain is an important tourist destination with a number of hotels and the popuiation is much
increased in the summer months. There is no central sewage disposal system in the Khwar or
at Bahrain and disposal of human waste to the Khwar already represents a problem. Use of
water for human activities is estimated at 400 liters per second or 0.4 m*/s. Provision more
than the requirement has been made for the water to flow in the river and will have no adverse
implications for fish life and fish movements to and from the river to the catchments above.

Environmental Mitigation

The main mitigation measures inciuded in the Environmental Management Plan (EMP) are as
indicated below:



Summary of Mitigation Measures

Potential Impact - Mitigation

1 | Change in landscape in steep | implementation through detailed EMP
mountain terrain from construction | including a tree plantation program.

activities
2 | Loss of houses and agricultural | Project components redesigned to minimize
land loss of houses. Resettlement plan to be
implemented with compensation package for
loss of land & trees.

3 | Reduced water flows in the river | Adequate water flow of more than 700 liters/s
from which water is taken for the | retained in the river in winter; this will be
project impacting small hydro- | adequate for human and fish activities.
projects, water mills, drinking water
use

Compensation is included for the loss of land and trees and there is guaranteed more than 700
liters/s flow of water in the river to supply the existing requirements for human use. At Bahrain
where there is a high density of population it is proposed tc implement a water supply scheme

for town use with 10 fountains.

As well as resettlement and tree compensation, a tree planting program is included in
mitigation. Surveys of water quality and fish will take place in the river as a monitoring

precaution.

Summary of Mitigation Works

Mitigation Measure

Land Acquisition

Plantation of endemic tree species

Water supply to Bahrain

Water quality testing to drinking water standards

Survey fish numbers and movements in the river system

Environment & Resettlement Plan

OobWIN =3

Socio Economic Effects of the Project

Daral Khwar Hydropower Project will play its due role in the socio economic uplift of the people
of the adjoining areas in particular and Khyber Pakhtunkhwa and the country in general. Since
it is an indigenous resource based project without any fuel element being considered as pass
through, the project will contribute in bridging the gap of price differential, which currently
Power Purchaser is forced to pay. This will help in easing out the issue of circular debt etc.

The cost of project is approximately 8.32 billion. Majority of the cost would be incurred in local
currency, thus saving precious foreign exchange. In addition to this, most of the cost of EPC
relates to the local component, which entails support to local contractor and industry especiaily

cement and steel.
Project cost and Tariff

Capital Cost of the project at present on the basis of approved feasibility study is 8 32 billion.
The currently envisaged financing structure is based on a debt equity ratio of 80:20. Project life



for the purpose of the tanff i1s estimated to be 30 years. However, in effect it would be 50 years.
The sponsors will transfer the project to the Power Purchaser at the end of concession term.
However in case Power Purchaser decides to further lease out the project, the sponsors will
have the first right. The real benefits of the project will be available when the debt is retired and
the project becomes debt free. At that time, electricity from the project will be available at a
very nominal price.
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PROFILE OF SHPE

1 Introduction

Hunan Sunny Hydropower Equipment Corporation (hereinafter abbreviated as “SHPE”,
Website: www.shpe.cn), was launched by Sundo Technology (HK), Limited in 2004 by taking
over Hunan Xinning Hydropower Equipment Factory that was established in 1958. The former
factory has more than four decades of professional experience in manufacturing hydropower
equipment and was one of the leading manufacturers for supplying hydropower equipment
internationally, which was authorized by Ministry of Machine-Building Industry of China. It’s
Turbine and Generator had been selected by China Government to participate HANNOVER
MESSE in 1981. SHPE is capable to supply various types of hydro generating set with unit
capacity below 50MW together electric & control equipments. While being enjoyed abundant
reputation domestically, SHPE had supplied its products to all over the world including but not
limited to Kazakstan, Russia, Nepal, Indonesia, Burma, Vietnam, Sri Lanka, Peru, Chile. Etc. SHPE
is located in Xinning of Hunan Province where the Danxia Topography for World Natural

Heritage —Langshan Mcuntain is nearby.

Since 2004, Top Standard Enterprise Management Concepts from HK Management Field had
been significantly introduced to SHPE. SHPE has gradually implemented scientific management
means such as PDCA Cycle {Continuous Improvement Spiral), 65 Theory and BPR (Business
Process Reengineering). SHPE has devoted to establishing teamwork with learning Spirit,
Innovation, Talent Reserve and Aggressiveness. The technical development and product
creativeness will and is to be enforced due to SHPE has combined its technical strength with
good cooperation between SHPE and China Institute of Water Resources Hydropower Research,
Huazhong University of Science & Technology {HUST) as well as Tianjin Design & Research
Institute of Electric Drive {“TRIED").

SHPE sticks to Consulling Based Marketing Concept and Service Oriented Marketing Concept.
By virtue of its abundant technical strength and long-term experience, SHPE is able to provide
customers from all over the world with comprehensive technical consulting service. SHPE is the
first enterprise in hydro industry of China who initiates two years of DLP and Regular Customer
Relurn Visit. Meanwhile, SHPE, as the manufacturer of Electric & Mechanical equipment for
hydro power plants, has a long lasting tradition in maintenance and refurbishment of wearing
out equipment and low efticienl plants. Generally speaking, refurbishment that done by SHPE
Mmay resull in increased reliability, increased power generation, ncreased static and dynamic
stability and mcreased efficiency. It is dlways the objective and desire of SHPE Lo oblain
customer’s satisfaction by conlributing Lhe utmost interests to domeslic and overseas

customers.

-  Profleof SHPE ~ Pagelof2
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2 SHPE’s Strength Contributing to the Project

SHPE, Guided by the tenet of bringing success to country, society, clients and employees with
science and technology, has achieved extraordinary successes.

in virtue of Hunan Xinning Hydropower Equipment Factory’s base, SHPE has more than 40 years
of experience of designing, manufacturing various type of generators.

Besides, by having obtaining mechanical experts from Tianjin Design & Research Institute of
Electric Drive {"TRIED”) as SHPE’s technical supplement for achieving double regulated
horizontal shaft Kaplan turbine with all auxiliary equipment, SHPE is very confident to supply all
qualified electric & mechanical equipments for targeted projects.

3 Technical and Producing Capability of SHPE

SHPE is proposed to supply complete electric & mechanical equipments and provide related
technical service for the project.

3.1 Design Capability

By technically merging with Tianjin Design & Research Institute of Electric Drive {"TRIED”}, SHPE
owns more than fifty years of design experience in designing Hydro Mechanical & Electrical
System, Turbine and Auxiliaries, Generator and Auxiliaries, LT Switchgear, Protection & Control
Panel, Transformer, PLC and SCADA system etc.

3.2 Manufacturing and Testing Ability

SHPE has a grand-scale manufacturing factory certified by 1SO9001 with two production and
assembly bases (area of 8000 11'), one processing center of middle and small components and
one processing center of big components, all of which have a total investment of over RMB 100
million. SHPE has successively built a test center of hydro equipments.

X "r o — 4 . . (y |
- PIN TRy 1 -

L
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EIA Approval Letter



OFFICE OF THE DIRECTOR GENERAL, ENVIRONMENTAL PROTECTION

: AGENCY, GOVERNMENT OF NWFP, PESHAWAR

No EPA/S.'HHDD//?"/ Dated Peshawar the August, 4 2008

Deputy Director {P&F),
Sarhad Hydel Development Qrganization (SHYDO),
Govt. of NWFP, Peshawar

Subject’ Renewable Energy Development Sector _Investment

Programme Comprising Daral Khwar, HPP, Ranolia HPP &
Machai Canal HPP.

I 'am direcled to enclose herewith Legal Environmental Approval/
Decision Nole on IEE of Renewable Energy Development Sector
Investinent Programme Comprising Daral Khwar, HPP, Ranolia HPP &

Machar Canai HPP for your information and further implementation,
please

E
W)

E w zFﬂ dc}m
|

!

1

i

i

i

Deputy Director (EiA)
. a Ma o EPA NWFPP

siary Nc..l.g!. resvns vom
dated Al=8.-.0%.....

©/0 Managing Pirecter
CMY 13D NWFP Pesdowe




SCHEDULE-VI

Decision on IEE

l 1. Name, address of proponent: Mr. Farhat Mahmood,
Project Manager, Sarhad

l Daral HPP, (SHYDQ),

# 313 - WAPDA Housce Shami

Road Peshawar,

2. Description of project. The Daral Khwar Hydro

Power Project is a small scale
project with a total capacity
! of 36.6 MW. From the
e beginning of construction to
the commissioning of the
project will take
approximately 36 months.
The Daral Khwar Systemn has
E a total catchments area of
l 250sgm. For the construction
of the various clemaents there
f will be a permanent loss of
5.7ha land. lherc are 21
. affected persons who will loss
' a total of 1.63ha of privately
l owned farm land. An
estimated 460 tress will need
j to be felled. Blasting is also

l involved in Lhe project.
t

3 Location of project. The project is located in
District Swat.

4, Date of filing of IEE. 09/06/2008

i

i

_l 5. After careful review, the Environmental Protection Agency, Govt.

: of NWFP has decided to accord approval of the Initial

‘ Envircnmental Examination for Daral Khwar Hydro Power Project
(36.6 MW) in Behrain, District Swal, in line with the guidelines

. issued by Pak. EPA and IEE/EIA Regulations, 2000 subject to the

I following terms & conditions: -

i

|



4) The proponent will adopt ail precautionary and mitigatory
measures identified in IEE report as well as any un-

anticipated impacts during the construction and operation
phase of project,
b) Present right of way of irrigation should be protected.
c) Land compensation agreement should be provided to This
Agency before starting activitics on the site.
d) To minimize erosion, afforestation programme should be
pianed and impiemented in the catchments area of the

proposed dam.

6. The proponent shall be liable for compliance of section 13, 14 &
18 of IEE/EIA Regulations 2000, which enunciate the conditions
for approvai, confirmation of compliance, entry, inspection and

monitoring of the proposed project.

7. Trus approval does not absolve the proponent of duty te obtain
any other approval or clearance that may be required under any

otner law in force.

8. In exercise of the power under Section 12 of Pakistan
. Environmental Protection Act, 1997, the undersigned is pleased
to approve the IEE report of the project with above mentioned

terms & conditions

Tracking/File.No.
LT

DIRECTOR GENERAL
EPA, NWFP,

3" Floor, SDU Building,
Khyber Road
Peshawar.

' Dated: Peshawar
a8
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PESHAWAR ELECTRIC SUPPLY COMPANY

Phone # 091-9210538 Office of the
Fax # 091-9212024 Chief Executive Officer
PESCO, Peshawar.

' Gt Zen 25
No. GMT/PESCO’-"H_'KO";%D/ Date: _5__/02/2016

Khwar HPP(36.6 MW) with Madyan Sub Station of PESCO.

Reference: Request of Project Director Daral Khwar HPP PEDO, Swat vide nis letter
No. 21-23/ PEDO/ PD-DARAL dated: 15.01.2016.

A Joint meeting was held amongst PESCO, Project Management Daral Khwar HPP
PEDO, Project Consultants Daral Khwar HPP and EPC Contractor (SINOTEC-SHPE-
| GRC 1v) Daral Khwar HPP on January 21, 2016 at 10:00 Hrs at PESCO HQ under the
‘ Chairmanship of General Manager (Tech), PESCO in his office in connection with the
Interconnection arrangement of Daral Khwar HPP with 132KV Madyan Grid Station of
PESCO at Madyan or with the existing 132 KV Transmission Line of PESCO at Madyan
to the Khwaza Khela Grid Station. The List of participants is attached at Annex-1.

3
i Subject: Minutes of the Meeting regarding Interconnection of Daral

’ The GM (Tech), PESCO welcomed the participants and elaborateg that the Daral

| Khwar HPP, being a Project of Nationat Interest, would be given special preference in
the subject matter. He invited the XEN GC PESCO to explain and brief the
participants on the status of the Construction of 132KV Madyan Grid Station and
rehabilitation of some Gantry Structures of the existing 132 KV Transmission line
from Khwaza Khela tc Madyan. The XEN GC stated that the Construction work of
Madyan Grid station is going on in full swing and will be ready for evacuation of
power from Daral Khwar HPP by its scheduled commissioning in July/August, 2016,
He further informed that the construction work on the affected towers of the existing
line from Khwaza Khela to Madyan will be completed by March, 2016, which will also
be ready as 2™ option for taking Power from Daral Khwar HPP.

On a query from GM EPC Contractor (SINOTE-SHPE-GRC 1V), the PESCO
Representatives told that the {nterconnection arrangement and load flow study of
Transmission Line from Daral Khwar HPP shall be based on the design parameters of
the under construction 132KV Grid Station at Madyan.
The PD Daral Khwar HPP, PEDO informed that the Design Drawings of the

‘ Transmission Line from Daral Khwar HPP up to Madyan Grid Station of PESCO

' showing complete profiie, alignment, design data, types of towers and conductors
are ready for submussion to PESCO for their review and record.

However, the Chair, afler consultation with other PESCO officers, stated that a Joint

Site visit of the Daral Khwar HPP Transmission Line may please may be under taken

on any agreed date in the coming weeks to have an overlook of the designed

alignment, particularly from the operation and maintenance point of view by PESCO

in future. The Participants agreed to the proposal. The XEN GC PESCO added that

the Representatives from GS0, PESCO shall also be invited to accompany with on the
l same visit.

Habs-Marwat PESCG
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The Chair toia that the Design Documents of Daral Khwar HPP T/Line may be
submitted by the Project Management PEDQ, Daral Khwar HPP after the Joint Site
visit. The Project Director Daral Khwar HPP, PEDO requested the Chair for the
conductibn of the Site visit in the coming weeks on priority basis and the Chair was
very kind to agree to. The GM EPC Contractor requested for provision of the Design
Data and Single Line Diagram of the PESCO under Construction Grid Station at
Madyan which was agreed to.

Decisions:
1. It was resolved that interconnection arrangement, Load flow study and Design

Data of Daral Khwar HPP T/Line shall be based on the design data/parameters
of PESCO Grid Station at Madyan.

2. A Joint Site visit of PESCO Representatives and Project Management/Praject
Consultants/EPC Contractor Daral Khwar HPP shall be made as early as
possible.

The meeting ended with vote of thanks from / to the Chair.
/

/ Engr” Fida Ahmed Khan
Y/ General Manager (Tech:)

/ PESCO H/Q Peshawar
Copy to

1. GM (Q8M) T&G PESCO, Peshawar.

CE (Deveiopment) PMU PESCO Peshawar.

3. Mr. Habib Khan Marwat, Project Director Daral Khwar HPP, With the request to
circutate copies of minutes of meetings to all concerned of PEDO &
Consultants etc.

4. 5.0 to CEQ PESCO for information please.

L

J1abi-Marwal PESLO
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Annex-1

List of Participants
PESCO

1.

o

A O

Mr. Fida Anmad Khan, GM Tech, PESCO.

Mr. Niaz Muhammad GM T&G PESCO.

Dr, Amjad Khan, Chief Engineer Development PMU PESCO.
Mr. Murad Knan PD GSC PESCO

Mr. Fazie Rabbi Addl; Manager PMU

Mr. Habib-ur-Rehman XEN GC

BEDO
1. Arbab Khudadad Khan Chief Engineer (Distribution).

2.

Mr. Habib Khan Marwat, Project Director Daral Khwar HPP.

Project Consuitants

1.

Mr. F_arzeen Badshah

Project Manager Consuitants Daral Khwar HPP.

EPC Contractor

1.
2. Mr. Shatigue Ahmad Design Engineer SINOTEC-SHPE-GRC JV.

3.

Mr. Fateh Muhammad GM SINOTEC-SHPE-GRC JV.

Mr. Taimoor Dasign Engineer SINOTEC-SHPE-GRC V.

Habib-Marwat PESCG
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. 18 MW Pehuy Hvdropower Complex-Paviment of Arres

PESHAWAR ELECTRIC SUPPLY COMPANY

OFFICE OF THE
CHIEF EXECUTIVE PESCO

PH# 091-9212550
WAPDA HOUSE, PESHAWAR

Fax: 091-9212333

Ne 58591, 5 5¢ C HPPS,) Dated: G 1 641 2014,

Mr. Naeem Saleem,

Section Officer {C&C),
Ministry of Water & Power,
Islamabad.

Subject: MEETING OF THE SENATE STANIMNG COMMITTEE ON WATER
& POWER HELD ON APRIL 9, 2014.
Ref: Your letter No. 6(12)/-2014-8.8 dated [8.04.2014.

As desired, a joint mceeting was held berween PESCO & PHYDO
representatives at PESCO HAQ on 23.4.2014, wherein (he following issues peraining 1o
PHY DO were discussed and finalized:

Ao LR e R TSI B W L [ad
TeATS On ailuiagd of el o0 T

ta NTDC‘& S ing of Power Purchase A reemgn;{?PA) with PESCQO:

arag i
R h

* PESCO is purchasing power fram Pehur Hydropower Project on an interiin
taritt rate of Rs.1.O/KWHh, as agreed in the meeting beld between PESCO & SHYDO on
20.02.2010. The project is connected to the 132 KV Gadoon Grid Station being operated und
maintained by PESCO.

» Execution of Power Purchase Agreement (PPA) has been delayed n light of
the decision of Miaistry of Water & Power dated 93.02.2044, whercin it was decided that
CPPA of NTDC shall exccute PPAs on behalf of DISCOs for up 10 30MW Hydel projects in
province/AJ&K. However, CPPA Is still reluctant to comply with the Minisiry directives. In
this regard another megting was held at PPIB, [slamabad on 09.04.2014 between all
stakeholders, and it was decided that:

i. A meeting between PPIB and NTDCL Legal Teams will be held shostly to
finalize legal framework and the draft agreement berwesn NTOC and DISCOs regarding
Evacuation ot Electric Power and Execution of Power Purchase Agreement (PPAs) for up 1o
30 MW Hydropower Projects in provinces/AJ&K in line with decisions taken in the meeting

ot 29™ October, 2013,
ii. The PPIB and NTDCL legal teams will finalize lega) framework within one

(1) maonth.
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o It was furtier agreed between PESCO & PHYDO, thut PESCO will submit
copy of the draft Power Purchase Agreement o CPPA, Lahore for exccution of the
agrecment with PHYDO and till the finalization of the PPA, CPPA may allow PESCO 10
purchase power at the NEPRA deiermined tariff of Rs.4.8159%kWh and also clearance of
outstanding dues of Rs.663 Million awumulatcd due to enhance tariff rate of NEPRA since

01.03.2010.

2. 36 MW Daral HPP, Swat-Evacuation of Power to Madvan Grid:

construction of 132 kV Grid Station at Madyan. PESCO technical team will be revisiting ihe
sitc shortly 1o either opt for the existing site or to select new one. However, in case of any
delay in completion of the Madayn Grid, an altemate option for evacuation of power {rom
Daral HPP will be made through PESCO 132 kV Grid Station at Khwazakhela.

3. 69 MW Lawi HPP, Chivral - Evacualion of Power:

Not relates to PESCO.

' NTDC has raised certain reservations on the PESCO’s proposed site for

4. Issuance of NOC by PESCO 10 Private Scctor Hydel projects in KP:

' . PESCO has already issued NOCs to the privame sector Hydel projects in KP.

5. Arrears ufShlSl & Rashun pu“xrhouaes (‘I‘utml and enhancemcnt ofTanfflor thcs«.

A Q"l;reed f:hai“’hré" pay lwance .l‘ngmceslmrears pertaining to
Reshun & Shi;h: Hydropower Prujccza will be resofved by PESCO as pcr the existing rate of
Rs.5.0/kWh. Further, PHYDO will file wriff petilion in respect of these power houses at
NEPRA regarding the issue for eihancement of aritf/detennination of tariff for these puwer

houses,
—

o~ . e
el

= .

o
PR

__Brig'® Tariq Saddozai
Chief Exceutive Officer
{PESCO)

Copy to:
1. Secretury Comunittee, Roun Na.326, 39 Floor, Senate Secretarial, Pacliament House,
{slamabad.
MD PEPCO, WAFDA Huuse, Lanore,
MD PPIB, House No.30, Nazimuddin Road, F-7/4, Isiamabad.
GM (Finangg) PESCO.
CE (T&G) PESCO for infurstation and necessary action w.r.t Para No.2.
V6. Director (0&C) PHY DO, 38/B-2, Phase-V, Hayatabad, Peshawar.
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INFRASTRUCTURE DEVELOPMENT
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totetsishower room and aotulion area, suitcient kailing and ventilaled vith lans Thae it Dol
shaw be carpetec and o ‘Mimbar', PA system ingtatted and all windows 16 be clnlaine

The design and location of the mosque sholl be subjocted to the Emplayer's approval

(<) Residential Acconmuodalion

Ve Contvacor shail provide 1ollowing usdmunt iesidential accommaodaics for Gnauyics of
the Employer, Employer's Representative & their families, and advisors elc alung with
necessary infrastructure works such as roads, water supply & sewerage system with overticad

water tank and sewage lreatment plant.  All residential accommodation shall include fenced
yards The detait of residential accommodation and internal roads is as under

Covered | Total i
o No.  of Plot Size / Unit !
Type of Building . Area of each | Covered 5
Buildings o B 2 (m?)
Building {m°) | Area {m®}
Type | 1 235 235 500
Typent 13 s 405 |50
Type il = Family Flats | B B o
Giound pl lors
. lounl plus wo  Hoor ; 500 1500 1000
consisting four (3} wints
per floor | '
Type IV - Operators Hostel | P
f
{Bachelor) !
Ground  plus 0 oo
LT E 500 1500 1000
consisting eight rourss {8)
rooms  with  attached ’ :
bath/Kitchen per floar i ‘
Guest House - Doucle | i f
Storay ;
with 2 bed roonis on | 1 260 5650 1000 |
ground and 4 bed rooms
on 1" fioor
Mosque 1 200 200 500
Hospital (10Bed) |1 |soo  leoo 1800
Shops [ I T 1< T 17 500
Office - Doublé Siurcy h14 7 230 7 | -460 500
Degree College - Double | ) L - i
| - 3811 2000 i
Storey \
Total e 4351 4450 ]

(e
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10) FINANCIAL PLAN AND MODE OF FINANCING

a) Annual Development (Rs. 1,391.68 Milon)
Program{ADP)- 20% -
T 20% of the project cost will be mel through tie Annual
Development Programme (ADP) of Gowvi. of Khyber
Pakhtunkhwa.
b} Hydel Deveiopment Rs. 5.566.7{_ !vil“iqr_]

Fund{(HDF) - 80% — S

80% of the project casl will be met through  Hydei
Development Fund of Govt. of Khyber Pakhlunkhwa.

¢} Total Financing (a + b) Rs. §,958.42 Million

11)PROJECT BENEFITS AND ANALYSIS

i) SOCIAL BENEFITS WITH INDICATORS

The main objeciive of the Proect is to generale electricity and lay down tack lor hydel project
implementation ir: the near future. It has been planned thal Daral Khwar HPP with tolai capacily ol
36.6 MW will be constructed. Annual energy varies Iram year o year depending on e intows
keeping in view other water requirements. However, average annual energy yeneraled through the

conslruction of subject powerhouse has been eslimated as 154 GWh/a.

The revenues oif Govl. would ncrease due to direct and indirect laxation, dutics and levics on the
produclion of gocds and services thal will result from the power ganeration benefils within the project
area as well as from the eleciricily duly cofiected by the Federal Governmenl, Government of Khyter
Pakhtunkhwa or any other agency. Salgs of eleclricity is the direct revenue which will be collecied oy
SHYDO/Gowvt of Khyber Pakntunkhwa.

Wdirect or the secondary bonefus wouid include cieation ol employment opportunities and v proved
standard of living of the peoplc of the area and viciity. There will be multnie ¢

Te2’s o0 socio-
economic deyelopmenl of the region, comimunication, infrastructutes. laresiry. cettage indusiry,
livestock development and olher opportunilies would open up with consiroz: =1 =t this Proposua
project. These benelits hiave neither been quantified nor considered in ire c-ose-: analysis. Most of
the indiract benefits are difficult 1o quantify in monetary terms bul snouiz net -z isnored while making
the decision for the implementation of the Project.

o
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Manning & Development Division
{(Public Tnvestment Adthortzation-lTE Scetion)
Rk ARR ! .

No. FRCGIO2) PIA-ACL -1 Bslamabad. the 1™ August, 201

Oflice Momorandum
Subyject: Renewable  Energy  Deyelopment  Program  in_ Whyber  Pakhinnkhwa
{Revised). ] .

The vndersigned 1 disected o refer ta the Mfo Water & Power's O M No. P-I1-2(03)08. dated 6™
June, 2011 on the above subject and Lo say that The Executive Comnutice of the Nationaf Economic
Council . LSGNEC) (o its, meeting: held on 29-07-201) considered the” subject*projéct -and ook the
loltowing decisioa: : ‘ :

“the Lxecutive Conumnittee of National lconomic Council (HONEC) considered
the  summary  dated  28™  July, 2011, submitted by the  Pluwing
Connnission/Plauning and Development Division on “Renewable Enerpy
Development Program in Khyber Pakhtuokhwa (Revised)” and approved
the revised Renewable Energy Development Sector Investment Program ol the
Govenunent of Khyber Pakhtunkhwa as detailed in para-20 of the sumimary.™

z The para-20 ol the summary is reproduced below:-

T he sevised Renewable Energy Development Sector Invesunent Program {REDSIP) is
 submilied fgesagpival- of ECNEC at the total cost of Rs. 12984 754 million including ¥iiC
" Rs. 43438 as detailed bolow- '

i Construgtion of Daral Khwar TIPP District Swat, Khyber Pakituukbwa (Keviseid
PC-) with Capital Cost of Rs. 6938429 mullion including FEC of N5, 132.00

Do ewiltion,
o Construcuon of Machal TIPP, District Mardan, Khyber Pakltunkbwa (Revised
T ECH) wath Capital Cost of Ks. 1198170 million including ¥1C of s 873 338
mithion. : »

i Coostruction of Ranolia T District Kolustan, Khyber Pakbuuobin (ilevised
PC-1) with Capiaal Cost of Rs. 4277.00 miltion including FLEC of Rs. 291500
authion. . ‘

iv. (a)Constructian of SHYDD Office Building (b) Capacity Building Development

ol SHYDO and Related Lntities of - Energy & Power Departinent (Revised PC-)

- with Caputal Cost of Rs. 373,43 million including FEC o Rs. 273.35%0 muilion.

v.  Feoasibility Swdy (Revised PC-II) of (KOTO PP (1) JABRO [ipy
() KARORA HPP with Capital Cost of Rs. 177.71 million including FLC ol
R, 148 10 miMlion,

3. Sponsunieg agency way ssac administrative approval of the subjecl projedt in accordmien vtk
the above stated decision ol ECNEC, '

4, A copy ol sunction fetter, as and when issucd. may tter-alin be cidorsed toalns Division

A

Yhe receipt of this foter may kindly be acknowledped.

qgﬁ) {Sapjad Hussain}
Roscarch rAssociad

N - Y 0

< ] §

A Vel 9043409
Seeretary, ﬁg//f,
M/a Water & P'ower,

o Water & Vower ])674‘9”7)

LA s ’@73 \A

114

Islamabad.
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Copy .,

LAY
)
i)
3)
0)
1)
8)
)
tQ)

Scerctary, Feononic Aftairs Division, Istamabad.

Member (1&M), Planming Cannnission, Blamabad.

Member (necgy), Planning Commission, Istamabad.

Advisor (Development Budget), Planning & Dev. Division, Islamabad.
Sr. Chicel, Energy Wing, Planning & Duv. Division, Islamabad.

Joint Sceretary (Dev), Finance Division, Islamabad.

1S (Committee), Cabinet Division, 1slamabad.

Chief (PIA), Planning & Dev. Division, lslamabad .

Iroject Manager, SIHIYDQ, Govt. of Khyber Pakhtunkhwa, Peshawar.
Mr. Zulfigar Ali, R.O (PIA) Scction (Onc copy lor Mr. Jchangir Khan,

" and one copy for Mr. Saqib Tanveer for data updation).

Copy also furvwarded to:-

Additional Chief Secretary {Dev), Planning & Dovelopment Department, Govt.
ol Khyber Pakhtunkhwa, Peshawar,

-

|

(Sajjad Llussain)
Research Associale

R



No. 7(22) ADB-11/03
GOVERNMENT OF PAKISTAN
MINISTRY OF ECONOMIC AFFAIRS & STATISTICS
(ECONOMIC AFFAIRS DIVISION)

oect(q.. Of‘luel,
Ph: 9207254
Fax; 9210734

Istamabad, the 19" August, 2011

Approval of Revised PC-1s of the Renewable Energy Development Sector Investient
Pragram (REDSIP) by the Executive Committee of the National Economic Council

(ECNEC) in its meeting held on 29-07-2011.

SUBJECT:

Dear Mr. Liepach,

The Executive Commitice of National Economic Council (ECNEC) in its meetng helu on
-25-07-2011 has approved Revised PC-1s of the iollowihg Projects for Renewabie Energy Developnient

Sector Investment Program (REDSIP) under Loan No. 2286/2287:-

Punjab Portion '

i. | Construction of 4.04 MW Deg-out Fall Hydel | v. | Construction of 4.16 MW Okara Hyde! F—’ower1
Power Station with Capital Cost of Rs. Station with Capital Cost of Rs. 2079.00 million
1775.00 million with FEC of Rs. 531.00 with FEC of Rs. 683.00 million
million
Construction of 7.64 MW Marala Hyde! | vi. | Feasibility Studies of 24.04 MW Hydro Power
Power Station with Capital Cost of Rs. Stations in Punjab with Capital Cost of Rs. 76.00
3549.00 million with FEC of Rs 1110 0o m;lllon with FEC nil
mijlion =~ R ] T o
Construction of 2.82 MW Pakpattan Hydel | vii. | Capacity Building of lrrigation and Power
Power Station- wnh ‘Capital Cost of Rs. Department for Undertaking Feasibility Studies
1321.00 million” with FEC of Rs. 382.00 and Construction of Hyde! Power Stations in
miilion Punjab with Capital Cost of Rs. 505.40 million

B with FEC of Rs. 72.87 million o
Construction of 5.38 MW Chianwali Hydel
Power Statior with Capital Cost of Rs.
2582.00 mllhon Wllh FEC of Rs. 801.00 !
million |

Khyber Pakntunkhwh Portion

i. | Censtruction of Daral Khwar HPP District | iv. | {a)Construction of SHYDO Office Building-

" | Swat, Khyber Pakhtunkhwa with Capital {b)Capacity Building Development of SHYDO

{Cost of Rs. 6959.429 mnlﬁon inciudng FEC and Related Entities of Energy & Powar
of Rs. 132,00 million Department with Capital Cost of Rs. 373.45
~~~~~~ million including FEC of Rs. 273.380 million ]
Cons:mcuon of Méchau HPP Dtstnct Mandan‘ v. | Feasibility Study of (a) KOTO HPP (b) JABRO
Khyber Pakhtunkhwa with’ mi Cost of HPP (c) KARORA HPP with Capital Cost of Rs.
Rs. 1198.170 miflion including FEC of Rs. 177.71 milion including FEC of Rs. 14810
875.338 miliion million e
Construction of Ranolia HPP District
Kohistan Khyber Pakhtunkhwa with Capital
Cost of Rs. 4277.00 million including FEC of
Rs. 2915.00 million
2. Copies of the fECNEQ decisions's are forwarded herewith for information and necessary acuon i

ADB. :
Wlthregards : 2

Mr. Werner E. Liepach
Country Director

Pakistan Resident Mission
Asian Development Bank
Islamabad.

Date d"
Gl Tﬂd,g

' “ n t , o, | Yaurs sin?ely,
lDV‘ V( , S d s
/ I l;} :\\/ll y
I (Saif Ullah Butt)

Section Officer (ADB-11)

Diasy No: __géi S
agm Directo

ARV

SHYDQ Pe.ahawar
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Ernployer’s Heguneieaits
1.1.4  Quality AssuranceiQuality Control

the Contractor shall unplemieal qualty asswiance planoin Secordancs wath the requoremants al

150 9001:2000 procedures
1.1.5 Environmental Coinpliance

1.1.5.1 Gengral
Reference is made 10 1N civvi ONMEHl g e s gived Gy

{aj The Law and Reydletion of Govennnent of Pakistan and Guverniment of Khiybiz
Pakhiunkhwa, relevant international standaras (14001 2004 procedures)

(b) Employer's Requitenients for covionmental Protection given in Sub seclion 2.8 of
Section i, PART Il of Bidding Docunents.

{c) Sub-clauses of Generai Condiion of Contract and any othaer clause or sub-clausc

having any relevance o Lnvironment.
() Local tragiions ano custoins of Fhyber Pakhiunkhwa.
1.1.5.2 Environmental Comphance & Miscellancous

The Contractor shall witun orie montn of receipt of Notwe to Proceed, appoint an
Environmental Inspector for the Woiks, whose broad responsibiliics are to quide tho
construclion personnel on envilonmental raalters, to communicale and to make lismson with tha
Employer, Management Consuitarits, Governunent of Khyber Pakbhtunkhwi and local elders

The Contractor shall proviue Fnvironment Management Plan of the Site as defined n sub-
Section 2.8 of section 1L

i the = C Contractor constructs a coffer dam pantially or tully across the dver or ercct any other
structure in the river bed which can break the supply of perennial river flow for irrigation of
drinking purpose to downstream riparian or inhabitants, the Contractor shall ensure a regular
supply of perennial river dischaige to downstieam tipanan and inhabitants in accordance with
their traditional rights.

1.1.6 Triaining progiamme
1.1.6.1 Genaal

the Contractor shall proviac a trainmyg program in opetanon and maintenance for
Employer's O8M peisonnel. The training program will consist of tollowing two inam
components’

. . /
(a) Du-the-job Traming 4

7
2
<

{b) Formal O&M Training Semunars /Y ) 511
4 (F iV



Lrepluyor 5 e i, i

Under Lol prograar: Waies shall cover operation g moantcnance Gf e cntre Progect,

including civil worhe snw lecliical and machameal squipment
{a) Chi-thie Ol 100y

The Emipioye: wih 3ss1g6 staii o morlor constiaction achiviies of the various worhs fronis, Tho
Centractor will proveie nfonmai, on-the-ob raining as it refates to the Q&R of the caute Piopect,

incluging civil works and electneal and mechanmcal cquipment.
il Works

Dunng the civil woiks coostcuction, the Employer shall prowide personnel to monilor the
construction uf the Prgect coiponants. The Contractor shall piovide on-the-joly vatting and
evnlanations offered by front-ine engineers and foreman  related 2 particular desion
adaptations and conslruction procedures at main consbiuction fronts, including welt, winned,
penstocks and powerhouse stiuctuie,

Pror to commissicaing ol the important project components, the Contractor shall perloim an
inspection of the civil woiks 10 verify the readiness of the project hydrautic works YThe
Employers O8M parsonnet shall accempany the Contractor on such inspections, to gain
nsights into future &M 1ssues

Electrical and Mechanical Equipvieal

Duning the elecincal ang sechamcal equipmient erecion, assembly and mstalimon the
Contracior shali prowde iormal on-the-job training that will cover aspects ol equipment
mamtenance and opcrabion.  The infoimal training program shall be ted by repiosantatives
frony equipment manuisciuiels ind shail be based on Design Memorandum, Technical
Specifications, Orawings and other inforinationat materials necessary for the adequate Gaining
and orientahon of Empicycrs O personnel The informal training progiam shoal e
conducted dunng the erection, and testing of all ¥roject cquipment, most paiticularly gates and
gate handling cquiprivent.

{b) Formal Training

Formal Training shall incleoe @ Basic O & M Progrant. The Traitang Programs shal be
conducled in a classrocim setting, in ihe Project offices ¢t the construction site. The fonnal
training will incorporate a Quality Cunliol Program within the Formal Tralning program, including
wnlien lesting, to ensuic that the O&M Personnel are suitably tramed and capable ot operating
and maintaining the Project afte s turned over 1o the Employer At lzast four mienths pror Lo
intiation of the Founal Traming Piogram, the Contractor shall submit a writlen plane and
schedule for the Progrant for Enployer’s ieview and approval. Such plan shall include cousse
outlines, Curriculum Vitae of the proposed Traming Instructors, and a detailed schudule To
intiate thie Formal Training. the O & M Mapuals omust be a nuninium of 90 % complcte

“ G
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PVg Fbasic O &R Tranwng Foglam

[fie Contraclorn shiall g g el ofF up U 10 people in he Basie O Cragiam Tne Tilineos
snall generally ncude Ciployer's slad who paiticipaizd in the monitoring of e projecl
constiuction, and are faivlar with the vorks. In gencral, the Basic Q&M FPrograan shabl take
approxiinately five days and & total of six heuis per day, comprising two thred-hour sessions

separatcd by a two-nuur Sican.,

{he Basic Q&M Prograni shiail primarnly axplain the provisions and procedures containgd i the
civit works and equipnicnt & & M manuals 0 addition 1o the vanious manuabs, the class
matenais will include Diawnws, Technicat Speailications and other techntcal and cducationud

material necessary 101 the comiplete travang of O & M Persanne!

The Contractor Basic Training Frogram <hail cover foliowing Civil Works Manuals.

. Safety Conirol

. Quality Contiol

. Survey Contal

. instrumenis Moniluinyg

. O&M of Project Civit Cuinponents {weir, tunnel ete)

The Contractor Basic Traiming Frogram shaii cover O&R manuals wiitlen for st cquipment
compoenernts, particularly gates and gate bandiing equipment. The classroom training will be
supplemented by visits to the pigjact faciities to facilitale the transter of information wnd know-
how

1.1.7 Electrical and Mechanical Equipment

The Employer may nspeat the manuiaciuring wnd testing of electneal & mechanical vauiprent
ana workshoep facilities at manufacturer's shop The Contractor shall give at least six (6) weeks

notice to the Emiployer for adl unportant shop tests

1.1.8 Documentary Film

The Contractor will prepare a docurmentary il showing all unporant events o civil
construction, asseinblies, sub assemblies and crection of alf the equipment. The documentaty
will provide a commentary giving full datails of events. Three (3) copies oi the docuientary Filin
will be provided to the Employer before completion of the Project. The Contractor will prosent
the Employer the updatsd documentaiy film on three (3) month basis for s review and

approval,

1.1.9 Operation and Mamtenance Manuals

The Conuuctor shall provide vperation and maintenance manuals, 1o all cquipinenl aind Gvi
works structures, should be in Engiish )

5, /FI
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Emyuyer's Requinamenis
I'he Contracior shall provide to the Employer tools and spate parts sulhicient tor ten (10} year:
of aperation together with a recommended poced hst of spare parts The fuicseen mandatory
spares are tentatively listed below which the contiactor shall revise uints tid as por estimated
essential requirernent The Contractor shall construct proper and sufficicnt storage facililics 1o

such tools and spare puails.

1.2 Basic Design Criteria
1.2.1 General
1.2.1.1 Design Criteria

The permanent works shall be designed accorning to the latest version of Inteinational
standards relevant to the partticular section of works such as ACI-318-01 and allied codes. The
complated work shall be safe, durable and adequate for ntended purpose under most severc
loading conditions where there are differences between the various standards, the most
conservative standards -shall be-adopted. Whichever slandard shall be applicd, the latest
revision or edition in effect at the time of the invitation of bidders shall be pielerred and the
Contractor shall maoke available one copy of such standards in Enghsh language. If other
standards shall be chosen, the contractor shall supply copies of those standards i English
fanguage, clearly identilying or making reference to the particular chapiers or sections that shall
be applied.

The detail design shall be bascd upon ihe design criteria slatea herein. the Design Maemoranda
submitted with his Tender, and addtional Design Memoranda and design analysis as
necessary to camplete the design of the: works

Temporary works shall be designed 1o be sale, reliable, and adequate for all lcaas and usus,
and where they are lo be incorporated inlo th: permanent works temporary wurks snall be
designed in strict compliance with the critena adopted for the permanernit works

1.2.1.2 Compliance with Local Regulatiuns

in addition 1o the Basic design eiteria, the design shall also conlorm to the regquiiements of ail
reievant focal, state and federal authorities where approvals for that section of works 15 neederi
{rom the relevant authorities.

1.2.1.3 Economic Life of Works

The design shal be cased upon a wsclul &fonin o tie U0 10l oo r il s meloids of
carmanant structural fasililiss assamer g e L CEOALTYTUIITA LN G Tinan,
ana not i@ss tnan 50 ygars for ejuipmais OBl Cprsats Uer aoths @il
periorm ormal rouling Mainlenance i aouuidancd Wi N voind o7 215000 endd paintenance:
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Executive Summary

7
%

()
L

)
h 0o

*
Lod

The study objective, approach and methodology have been described and the plant’s data

received from the client is validated.

The PESCO system data as available with PP1 for other studies have been used.

The interconnection study of Daral Khwar HPP to evacuate its maximum power of 36.6

MW is envisaged and studied in detail for Daral Khwar Hydro power project.

The following scheme of interconnection of Hydro Power Plant with Madyan 132kV to

evacuate its maximum power of 36.6 MW is envisaged and studied in detail:

* Direct double 132 kV transmission lines of 9.5 km length using Rail conductor to be
laid from 132 kV Bus Bar of Daral Khwar HPP till Madyan 132/11 kV substation.

The proposed scheme will require the following equipment at switch yard of Daral Khwar
HPP:

rs
1
L 3

ol
rer

e Three breaker panels of 11 kV for connecting three Generating Units.
e Two 132 kV breaker/line bays need to be added for the double circuit from Daral
Khwar to Madyan Grid Station.
Load flow studies have been carried out for the peak load conditions of September 2017
for the proposed scheme considered under normal and contingency conditions.
Steady state analysis by load flow reveals that proposed scheme is adequate to evacuate
the maximum power of 36.6 MW of the plant under normal and contingency condition.
The short circuit analysis has been carried out to calculate maximum fault levels at Daral
Khwar HPP at 132 kV and 11 kV and the surrounding substations in its vicinity. We find
that the fault currents for the proposed scheme are much less than the rated short circuit
capacities of switchgear installed at these substations. There are no violations of the
equipment ratings due to contribution of fault current from Daral Khwar HPP.
The maximum short circuit levels of Daral Khwar HPP 132 kV and 11 kV have been
evaluated for the peak case of 2017 to evaluate the maximum fault currents on Daral
Khwar HPP and the 132 kV Substations in its vicinity. The maximum short circuit level
of the Daral Khwar HPP 11 kV is 25.22 kA and 27.55 kA and 7.13 kA and 7.53 kA for 3-
phase and I-phase faults in the year 2017. Therefore industry standard switchgear of the
short circuit rating of 40 kA would be fine to be installed at 132 kV and 11 kV switch
room of Daral Khwar HPP as per PESCO/NTDC requirement taking care of any future

generation additions and system reinforcements in its electrical vicinity.
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% The dynamic stability analysis of proposed scheme of interconnection has been carried
out. The stability check for the worst case of three phase fault right on the 11 kV bus bar
of Daral Khwar HPP substation followed by the final trip of 11 kV circuits emanating
from this substation, has been performed for fault clearing within 9 cycles (180 ms) and
10 cycles (200 ms). The system is found strong enough to stay stable and recovered with

fast damping.

(2
L0

The proposed scheme of interconnection has no technical constraints or problems, it
meets all the criteria of stability under steady state load flow, short circuit currents and

dynamic/transient conditions; and is therefore recommended to be adopted.
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1. Introduction

1.1. BACKGROUND

The proposed project is a Hydropower Plant located at approximately 9.5 km from the
Madyan 132 kV Grid Station located in the concession of PESCO. The location of Daral
Khwar HPP is shown in Appendix-B. The net output planned to be generated from the
site is about 36.6 MW of electrical power. The project 1s expected to start commercial
operation by January 2017. The electricity generated from this project would be
supplied to the national grid of PESCO through the 132/11 kV Madyan substation
of PESCO available in the vicinity of this project.

1.2. OBJECTIVES

The overall objective of the Study is to develop an interconnection scheme between Daral
Khwar Hydropower Project and PESCO network, for stable and reliable evacuation of
36.6 MW of electrical power generated from this plant. The specific objectives are:

1.  To develop schemes of interconnections at 132 kV of which right of way

(ROW) and space at the terminal substations would be available.
2. To determine the performance of interconnection scheme during steady state

conditions of system through load-flow analysis.

3. To check if the contribution of fault current from this new plant increases the
fault levels at the adjoining substations at 11 kV and 132 kV voltage levels to be
within the rating of equipment of these substations, and also determine the short

circuit ratings of the proposed equipment of the substation at Daral Khwar HPP.

4. To check if the interconnection withstands dynamic stability criteria of post fault

recovery with good damping after 3-phase faults on the system.

1.3. PLANNING CRITERIA

The planning criteria required to be fulfilled by the proposed interconnection is as follows:

Steady State:
Voltage + 5 %, Normal Operating Conditions
Y
&
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Frequency 50 Hz, Continuous, + 1% variation steady state
+ 5% variation Short Time
49.5 - 50.5 Hz, Short Time

Power Factor 0.85 Lagging; 0.9 Leading

Dynamic/Transient:
The system should revert to normal condition after dying out of transients without losing

synchronism with good damping.

e For 132 kV and above, the total normal fault clearing time from the instant of
initiation of fault current to the complete interruption of current, including the relay
time and breaker interruption time to isolate the faulted element, is equal to 100 ms (5

cycles).

e For 11 kV the total normal fault clearing time from the instant of initiation of fault
current to the complete interruption of current, including the relay time and breaker
interruption time to isolate the faulted element, is equal to 180 ms (9 cycles) and 200

ms (10 cycles).

P
L _ 7
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2.

Technical Data

2.1. GENERATOR DATA

The electrical parameters of the generators at Daral Khwar HPP as provided by the client are

as follows:

Daral Khawr HPP data

Generator data:

S No. | Specification Daral Khwar Hydro Power Project

1 No. of Machines in powerhouse 2 1
2 MVA rating of each machine 19.125MVA 7.5MVA
3 Generation Voltage of each Machine 11kV 11kV
4 Electrical inertia (H) H=197384 H=1.781
5 Generator step up transformer detail 2 Sets of 26000 KVA 1 Set of 10000 KVA
6 MVA rating 26 MVA 10 MVA
7 Reactance value 12% 12%

8 132KkV Doubie Circuit Line fength About 9.5 Km
9 Name of Grid Station 132/11kV Madyan Grid Station, Swat

10 Type of Conductor ACSR Rail

11 | Name of Employer Pakhtunkhwa Energy Development

Organization (PEDO)
12 Commercial operation Date (Tentative) January,2017
13 | Power factor 0.85 lagging, 0.9 leading

2.2 NETWORK DATA

The 11 kV and 132 kV networks available for interconnection to Daral Khawr Hydro Power

Plant are as shown in Appendix-A.

The NTDC/PESCO system data of National Grid have been assumed in the study as already
available with PPL

&
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3. Studv Approach and Methodology
3.1. UNDERSTANDING OF THE PROBLEM

Daral Khwar HPP is going to be a medium head hydropower project embedded in the
distribution network of PESCO. Daral Khwar HPP is in the vicinity of Madyan Grid Station.
This source of local power generation to be embedded in local distribution network at
Madyan shall provide great relief to the source substations in the vicinity and also help in

terms of improving line losses and voltage profile.

3.2.APPROACH TO THE PROBLEM
The consultant has applied the following approaches to the problem:

e A base case network model has been prepared for the year 2017, which is the
commissioning year of Daral Khwar HPP, comprising all 500kV, 220kV and 132 kV
system, envisaging the load forecast, the generation additions and transmission

expansions for that year particularly in PESCO.

e Month of September 2017 has been selected for the study of the base case because it
is high water season and we can judge the maximum impact of the plant on the
network in these conditions.

e Performed technical system studies for peak load conditions to confirm technical
feasibility of the interconnection schemes. The proposed scheme has been subjected
to standard analysis like load flow, short circuit, and transient stability study to check
the strength of the machines and the interconnection scheme under disturbed
conditions.

¢ Determine the relevant equipment for the proposed technically feasible scheme.

ﬁ
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4. Development of Schemes of Interconnection
4.1 THE EXISTING AND ONGOING NETWORK

The nearest existing PESCO interconnection facilities at the time of commissioning of Daral

Khwar Hydro Power Project would be Madyan 132/11 kV Substation

The existing 132 kV network available around the 132/11 kV grid station is shown in Sketch-
[ & Il in Appendix-B.

42 THE SCHEME OF INTERCONNECTION OF DARAL KHWAR HPP

Given the nearest interconnection facility is the 132/11 kV substation for Daral Khwar HPP
following scheme of interconnection of Hydro Power Plant with Madyan 132kV is envisaged
and studied in detail:
e Direct double 132 kV transmission lines of 9.5 km length using Rail conductor to be
laid from 132 kV Bus Bar of Daral Khwar HPP till Madyan 132/11 kV substation.
The proposed scheme will require the following equipment at switch yard of Daral Khawr
HPP:
e Three breaker panels of 11 kV for connecting three Generating Units

e Two 132 kV breaker/line bays need to be added for the double circuit from Daral
Khwar to Madyan Grid Station.

rF.
-
nEe.
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S  Detailed Load Flow Studies
A base case has been developed for the peak load of September 2017, which is the high water
season and will allow us to judge the maximum impact of Daral Khwar HPP on the PESCO

network, using the network data supplied/authorized by PESCO/NTDC.

5.1 BASE CASE 2017: WITHOUT DARAL KHAWR HPP
The results of load flow for this base case are plotted in Exhibit 0.0 of Appendix-C. The
system plotted in this Exhibit comprises 132 kV network feeding Madyan 132/11 kV

Substation and its surrounding substations.

The load flow results for the normal case show that the power flows on all the circuits are
within their normal rating. We find that there are no capacity constraints in terms of power
flow or voltage ratings in the 11 kV or 132 kV network available in the vicinity of Daral

Khawr HPP for its connectivity under normal conditions.

The following N-1 contingency tests were run:

Exhibit-0.1 Barikot to Swat 132kV Single Circuit Out

Exhibit-0.2 Chakdara New to Barikot 132kV Single Circuit Qut
Exhibit-0.3 Chakdara New to Swat 132kV Single Circuit Out
Exhibit-0.4 Chakdara New to Chakdara 132kV Single Circuit Out
Exhibit-0.5 Chakdara New to Timergara 132kV Single Circuit Out

In the case of contingency conditions, voltage profile of the surrounding system is observed
to be very low in Exhibit 0.2, 0.3 and 0.5. Also circuit of Timergara to Chakdara becomes

overloaded in the case of the outage of Timergara to Chakdara New.

5.2 PEAK LOAD CASE 2017: WITH DARAL KHAWR HYDRO POWER PLANT

Detailed load flow studies have been carried out for September 2017. The results of load
flows with Daral Khawr HPP under normal conditions have been plotted in Exhibit 1.0 in
Appendix-C.

The power flows on the circuits are seen well within the rated capacities and the voltages on

the bus bars are also within the permissibie operating range of + 5 % of the nominal. We find

II\
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no capacity constraints on 132 kV circuits under normal conditions i.e. without any cutages

of circuits.

The following N-1 contingency tests were run:

Exhibit-1.1 Daral Khwr to Madyan 132kV Single Circuit Out
Exhibit-1.2 Barikot to Swat 132kV Single Circuit Out

Exhibit-1.3 Chakdara New to Barikot 132kV Single Circuit Out
Exhibit-1.4 Chakdara New to Swat 132kV Single Circuit Out
Exhibit-1.5 Chakdara New to Chakdara 132kV Single Circuit Out
Exhibit-1.6 Chakdara New to Timergara 132kV Single Circuit Out

Again under contingency conditions due to the outage of Timergara to Chakdara New, the
intact Timergara to Chakdara circuit which is on Lynx conductor becomes overloaded. This
is an inherent constraint in the PESCO network which is not caused by the study hydropower
plant. In fact, Daral Khwar HPP will cause a slight decrease in the overloading of the said
circuit. However, the system still requires improvement in the area to overcome this
constraint. Also the bus bar voltages of the surrounding system is in the rated limits for
Exhibit 0.2, 0.3 and 0.5.

In all the other contingency performed, we find that in the event of outage of any circuit, the
intact circuits remain within the rated capacity. Also the bus bar voltages are well within the

rated limits in all the contingency events. Thus there are no constraints in this scheme.

5.3 CONCLUSION OF LOAD FLOW ANALYSIS

From the analysis discussed above, we conclude that both the proposed interconnection
scheine is adequate to evacuate the 36.6 MW export of power from Daral Khwar HPP under
normal conditions. And in case of contingency condition due to the outage of Timergara to
Chakdara New, the intact Timergara to Chakdara circuit which is on Lynx conductor
becomes overloaded which is less in case of with Daral Khwar HPP. Also the bus bar

voltages is in rated limits in case of contingency conditions with Daral Khwar HPP.

P .
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6 Short Circuit Analvsis

6.1 METHODOLOGY AND ASSUMPTIONS

The methodology of IEC 909 has been applied in all short circuit analyses in this report for
which provision is available in the PSS/E software used for these studies. The maximum fault
currents have been calculated with the following assumptions under IEC 909:

e Set tap ratios to unity

e Set line charging to zero

e Set shunts to zero in positive sequence

s Desired voltage magnitude at bus bars set equal to 1.10 P.U. i.e. 10 % higher than

nominal, which is the maximum permissible voltage under contingency condition.

For evaluation of maximum short circuit levels we have assumed contribution in the fault
currents from all the installed generation capacity of hydel, thermal and nuclear plants in the
system in the year 2018 i.e. all the generating units have been assumed on-bar in fault
calculation’s simulations.
The assumptions about the generator and the transformers data are the same as mentioned in
Ch.2 of this report.

6.2 FAULT CURRENT CALCULATIONS WITHOUT DARAL KHWAR HPP

In order to assess the short circuit strength of the network of 132 kV and 11 kV without Daral
Khwar HPP for the grid of PESCO/NTDC in the vicinity of the site of the plant, fault currents
have been calculated for balanced three-phase and unbalanced single-phase short circuit
conditions. These levels will not only give us the idea of the fault levels of Madyan 132kV
and other grid stations in the vicinity without Daral Khwar HPP but would also help us
determine how much the contribution of fault current from Daral Khwar HPP later on may
add to the existing levels.

The results are attached in Appendix — D.

The short circuit levels have been represented graphically on the bus bars of 132 kV and 11
kV which are shown in the Exhibit 2.0 attached in Appendix-D.

The fault currents in the Exhibit are given in polar coordinates i.e. the magnitude and the

angle of the current. The total fault current is shown below the bus bar.

4@
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The tabular output of the short circuit calculations is also attached in Appendix-D for the 132
kV and 11 kV bus bars of our interest i.e. the substations connecting in the 132 kV and 11 kV
circuits lying close to Daral Khwar HPP. The total maximum fault currents for 3-phase and 1-
phase short circuit at these substations are summarized in Table 6.1. We see that the
maximum fault currents do not exceed the short circuit ratings of the equipment at these 132
kV substations which normally are 20 kA, 25 kA or 31.5 kA for older substations and 40 kA

for new substations.

Table 6.1
Maximum Short Circuit Levels without Daral Khwar HPP
3-Phase fault current, | 1-Phase fault current,
Substation
kA kA

Madyan 132kV 2.67 2.72
K.Khela 132kV 3.61 4.24
Swat 132kV 5.57 6.65
Chakdara - New 132kV 12.77 13,36
Timergara 132kV 6.61 7.34

6.3 MAXIMUM FAULT CURRENT CALCULATIONS WITH DARAL KHWAR
HPP

The fault currents have been calculated for the electrical interconnection of proposed scheme
for the 2017 scenario. Fault types applied are three phase and single-phase at the 11 kV bus
bar of Daral Khwar HPP itself and other bus bars of the 132 kV and 11 kV substations in the
electrical vicinity of Daral Khwar HPP. The graphic results are shown in Exhibit 2.1.

The tabulated results of short circuit analysis showing all the fault current contributions with
short circuit impedances on 132 kV and 11 kV bus bars of the network in the electrical
vicinity of Daral Khwar HPP and the 11 kV bus bars of Daral Khwar HPP are placed in
Appendix-D. Brief summary of fault currents at significant bus bars of our interest are
tabulated in Table 6.2

B
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Table 6.2
Maximum Short Circuit Levels with Daral Khwar HPP
3-Phase fault current, | 1-Phase fault current,
Substation

kA kA
Daral Khwar HPP 11kV 25.22 27.55
Daral Khwar HPP 11kV 7.13 7.53
Daral Khwar 132kV 3.25 3.57
Madyan 132kV 3.37 3.70
K.Khela 132kV 4.26 4.95
Swat 132kV 6.18 7.22
Chakdara - New 132kV 13.34 13.74
Timergara 132kV 6.72 7.42

Comparison of Tables 6.1 and 6.2 show slight increase in short circuit levels for three-phase
and single — phase faults due to connection of Daral Khwar HPP on the 11 kV bus bars in its
vicinity; and some rise on the 132 kV substation of Madyan 132kV, and other substations in
plant’s vicinity. We find that even after some increase, these fault levels are much below the
rated short circuit values of the equipment installed on these substations.

The short circuit level at Daral Khwar HPP 11 kV bus bar is 25.22 kA and 27.55kA and 7.13
kA and 7.53 kA for 3-phase and 1-phase faults respectively. Therefore industry standard
switchgear of the short circuit rating of 40 kA would be fine to be installed at the 11 kV
substation of Daral Khwar HPP. It would provide large margin for any future increase in

short circuit levels due to future generation additions and network reinforcements in this area.

6.4 CONCLUSION OF SHORT CIRCUIT ANALYSIS

The short circuit analysis results show that for the proposed scheme of interconnection of
Daral Khwar HPP, we don’t find any violations of short circuit ratings of the already installed
equipment on the 132 kV and 11 kV equipment of substations in the vicinity of Daral Khwar
HPP Feeder due to fault current contributions from this power house under three-phase faults
as well as single phase faults.

The short circuit level at Daral Khwar 11 kV bus bar is 25.22 kA and 27.55 kA and 7.13 kA
and 7.53 kA for 3-phase and 1-phase faults respectively for 2017. Therefore industry standard
switchgear of the short circuit rating of 40 kA would be fine to be installed at 11 kV

.
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substation of Daral Khwar HPP Feeder taking care of any future generation additions in its

electrical vicinity.

s
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7 Dynamic Stability Analysis

7.1 ASSUMPTIONS & METHODOLOGY
7.1.1 Dynamic Models

The assumptions about the generator and its parameters are the same as mentioned in Ch.2 of
this report.
We have employed the generic dynamic models available in the PSS/E model library for

dynamic modeling of the generator, exciter and the goveror as follows;

Generator GENSAL
Excitation System EXSTI
Speed Governing System HYGOV

7.1.2 System Conditions

We have used the system conditions of September 2017, which represents the high water
season. Most of the hydel generators in PESCO power system in the vicinity of Daral Khwar
HPP such as Patrind and Jagran would be running nearly at their full output.

We have carried out the Dynamic Stability analysis for Daral Khwar HPP with the proposed
interconnection scheme. All the power plants of WAPDA /NTDC from Tarbela to Hub have
been dynamically represented in the simulation model.

7.1.3 Presentation of Results

The plotted results of the simulation runs are placed in Appendix-E. Each simulation is run
for its first one second for the steady state conditions of the system prior to fault or
disturbance. This is to establish that the pre fault/disturbance conditions of the network under
study were smooth and steady. Post fault recovery has been monitored for nine seconds.
Usually all the transients due to non-linearity die out within 2-3 seconds after disturbance is
cleared from the system.

7.1.4 Worst Fault Cases

Three phase faults are considered as the worst disturbances in the system. Normally we apply
3 phase fault on the bus bar of the power plant, followed by tripping of a circuit emanating
from that bus, and trip one of the generators of the plant and / or trip one of the inter-bus
transformers if there are two voltage levels in the switching station of the plant. Also we

apply 3-phase fault at bus bars at far end of the interconnection of the plant and trip circuit or

A
-
L
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transformer as the case may be. The fault clearing time of 11 kV breakers has been assumed 9

cycles as the switchgear of the medium voltages are slow.

7.2 DYNAMIC STABILITY SIMULATIONS’ RESULTS

7.1.5 Three-Phase Fault at 11 kV Daral Khwar HPP: Trip of Single 15.3
MW Generating Unit

We applied three-phase fault on Daral Khwar HPP 11 kV bus bar, cleared fault in 10 cycles

(200 ms) followed by trip of Single 15.3 MW generating unit of Daral Khwar HPP. We

monitored different parameters for one second pre-fault and nine seconds after clearance of

fault (post-fault) conditions and plotted the results attached in Appendix — E and discussed as

follows;

Fig. 1.1 Bus Voltages

The bus voltages of 11 kV bus bar of Daral Khwar HPP, and 132 kV substations of Daral

Khwar, Madyan, K.Khela and Chakdara New are plotted. The results show quick recovery of

the voltages after clearing of fault.

Fig. 1.2 Frequency

We see that the system frequency recoversits normal condition quickly after fault clearance.

Fig. 1.3 MW/MV AR Output of Generators of Daral Khwar HPP

The pre-fault output of a single generator at Daral Khwar HPP was 30.6 MW and it gets back

to the same output quickly after fast damping of the oscillations in its output. However

MV AR output acquires equilibrium at a new value.

Fig. 1.4 Speed and mechanical power of Generators at Daral Khwar HPP

The speed deviation of the generator, after clearing fault, damps down quickly returning to

normal speed as of before fault. The transients in mechanical power also damp quickly and

settle to a new equilibrium.

Fig. 1.5 MW/MVAR Flow on Daral Khwar 132/11 kV Single Transformer

Followed by clearing of fault, the trip of the Single 15.3 MW generating unit of Daral Khwar

HPP caused the output of 15.3 MW to flow through the 132/11 kV Transformer. We plotted

the flows of MW and MV AR on the single Daral Khwar 132/11 kV transformer and see that

the power flows on this circuit attains to steady state level with power swings damping down

fast.
Fig. 1.6 Rotor Angles
I
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The rotor angles of the generators of Daral Khwar HPP, Patrind, Jagran, Khan Khawr, Dabr
Khawr and Warsak P are plotted relative to machines at Allai 220 kV. The results show that
the rotor angle of Daral Khwar HPP recovers its normal condition after the first swing and
damps down quickly. Similarly the rotor angles of other machines swing little after the fault
and damp fast after clearing of fault. The system is stable and very strong in damping the post

fault oscillations.

7.1.6 Three-Phase Fault at 132 kV Daral Khawr : Trip of 132 kV circuit

between Daral Khwar and Madyan
We applied three-phase fault on Khan Khwr 132 kV bus bar, cleared fault in 5 cycles (100
ms) followed by trip of 132 kV circuit between Daral Khwar and Madyan 132kV. We
monitored different quantities for one second pre-fault and nineteen seconds after clearance
of fault (post-fault) conditions and plotted the results attached in Appendix — E and discussed
as follows:
Fig. 2.1 Bus Voltages
The bus voltages of 11 kV bus bar of Daral Khwar HPP, and 132 kV substations of Daral
Khwar, Madyan, K.Khela and Chakdara New are plotted. The results show quick recovery of
the voltages after clearing of fault.
Fig. 2.2 Frequency
We see the system frequency recovers back to normal quickly after fault clearance.
Fig. 2.3 MW/MVAR Output of Generators of Daral Khwar HPP
The pre-fault output of generator at Daral Khwar HPP was 30.6 MW and it gets back to the
same output quickly after fast damping of the oscillations in its output. However MVAR
output acquires equilibrium at a new value.
Fig. 2.4 Speed and mechanical power of Generators at Daral Khwar HPP
The speed deviation of the generator, after clearing fault, damps down quickly returning to
normal speed as of before fault. The transients in mechanical power also damp quickly and
settle to a new equilibrium.
Fig. 2.5 MW/MV AR Flow on Daral Khawr to Madyan 132kV circuit
Followed by clearing of fault, the trip of the 132 kV circuit from Daral Khawr to Madyan 132
kV circuit caused the entire output of Daral Khwar HPP to flow through the intact circuit of
Daral Khwar to Madyan 132 kV. We plotted the flows of MW and MVAR on this intact
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circuit and see that the power flows on this circuit attains to steady state level with power
swings damping down fast.

Fig. 2.6 Rotor Angles

The rotor angles of the generators of Daral Khwar HPP, Patrind, Jagran, Khan Khawr, Dabr
Khawr and Warsak P are plotted relative to machines at Allai 220 kV. The results show that
the rotor angle of Daral Khwar HPP recovers its normal condition after the first swing and
damps down quickly. Similarly the rotor angles of other machines swing little after the fault
and damp fast after clearing of fault. The system is stable and very strong in damping the post

fault oscillations.

7.1.7 Three-Phase Fault at 132 kV Daral Khawr : Trip of 132 kV circuit

between Daral Khwar and Madyan
We applied three-phase fault on Daral Khwar 132 kV bus bar, cleared fault in 9 cycles (180
ms) followed by trip of 132 kV circuit between Daral Khwar and Madyan 132kV. We
monitored different quantities for one second pre-fault and nineteen seconds after clearance
of fault (post-fault) conditions and plotted the results attached in Appendix — E and discussed
as follows;
Fig. 3.1 Bus Voltages
The bus voltages of 11 kV bus bar of Daral Khwar HPP, and 132 kV substations of Daral
Khwar, Madyan, K Khela and Chakdara New are plotted. The results show quick recovery of
the voltages after clearing of fault,
Fig. 3.2 Frequency
We see the system frequency recovers back to normal quickly after fault clearance.
Fig. 3.3 MW/MVAR Output of Generators of Daral Khwar HPP
The pre-fault output of generator at Daral Khwar HPP was 30.6 MW and it gets back to the
same output quickly after fast damping of the oscillations in its output. However MVAR
output acquires equilibrium at a new value.
Fig. 3.4 Speed and mechanical power of Generators at Daral Khwar HPP
The speed deviation of the generator, after clearing fault, damps down quickly returning to
normal speed as of before fault. The transients in mechanical power also damp quickly and

settle to a new equilibrium.

Fig. 3.5 MW/MVAR Flow on Daral Khawr to Madyan 132kV circuit
r .
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Followed by clearing of fault, the trip of the 132 kV circuit from Daral Khawr to Madyan 132
kV circuit caused the entire output of Daral Khwar HPP to flow through the intact circuit of
Daral Khwar to Madyan 132 kV. We plotted the flows of MW and MV AR on this intact
circuit and see that the power flows on this circuit attains to steady state level with power
swings damping down fast.

Fig. 3.6 Rotor Angles

The rotor angles of the generators of Daral Khwar HPP, Patrind, jagran, Khan Khawr, Dabr
Khawr and Warsak P are plotted relative to machines at Allat 220 kV. The results show that
the rotor angle of Daral Khwar HPP recovers its normal condition after the first swing and
damps down quickly. Similarly the rotor angles of other machines swing little after the fault
and damp fast after clearing of fault. The system is stable and very strong in damping the post

fault oscillations.

7.3 CONCLUSION OF DYNAMIC STABILITY ANALYSIS

The results of dynamic stability show that the system is very strong and stable for the
proposed schemes for the severest possible faults of 11 kV systems near Daral Khawr HPP.
Therefore there is no problem of dynamic stability for interconnection of Daral Khawr HPP;

it fulfills all the criteria of dynamic stability.

i
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Conclusions

< The interconnection study of Daral Khwar HPP to evacuate its maximum power of 36.6

LA

*e

>

MW is envisaged and studied in detail for Daral Khwar Hydro power project.

The following scheme of interconnection of Hydro Power Plant with Madyan 132kV to

evacuate its maximum power of 36.6 MW is envisaged and studied in detail:

e Direct double 132 kV transmission lines of 9.5 km length using Rail conductor to be
laid from 132 kV Bus Bar of Daral Khwar HPP till Madyan 132/11 kV substation.

The proposed scheme will require the following equipment at switch yard of Daral Khwar
HPP:

L
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e Three breaker panels of 11 kV for connecting three Generating Units
¢ Two 132 kV breaker/line bays need to be added for the double circuit from Daral
Khwar to Madyan Grid Station.
Load flow studies have been carried out for the peak load conditions of September 2017
for the proposed scheme considered under normal and contingency conditions.
Steady state analysis by load flow reveals that proposed scheme is adequate to evacuate
the maximum power of 36.6 MW of the plant under normal and contingency condition.
The short circuit analysis has been carried out to calculate maximum fault levels at Daral
Khwar HPP at 132 kV and 11 kV and the surrounding substations in its vicinity. We find
that the fault currents for the proposed scheme are much less than the rated short circuit
capacities of switchgear installed at these substations. There are no violations of the
equipment ratings due to contribution of fault current from Daral Khwar HPP.
The maximum short circuit levels of Daral Khwar HPP 132 kV and 11 kV have been
evaluated for the peak case of 2017 to evaluate the maximum fault currents on Daral
Khwar HPP and the 132 kV Substations in its vicinity. The maximum short circuit level
of the Daral Khwar HPP 11 kV is 25.22 kA and 27.55 kA and 7.13 kA and 7.53 kA for 3-
phase and 1-phase faults in the year 2017. Therefore industry standard switchgear of the
short circuit rating of 40 kA would be fine to be installed at 132 kV and 11 kV switch
room of Daral Khwar HPP as per PESCO/NTDC requirement taking care of any future
generation additions and system reinforcements in its electrical vicinity.
The dynamic stability analysis of proposed scheme of interconnection has been carried
out. The stability check for the worst case of three phase fault right on the 11 kV bus bar
of Daral Khwar HPP substation followed by the final trip of 11 kV circuits emanating
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from this substation, has been performed for fault clearing within 9 cycles (180 ms) and
10 cycles (200 ms). The system is found strong enough to stay stable and recovered with
fast damping.

< The proposed scheme of interconnection has no technical constraints or problems, it
meets all the criteria of stability under steady state load flow, short circuit currents and

dynamic/transient conditions; and is therefore recommended to be adopted.
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MANUFACTURER PROVIDED DATA SHEET

1. Generator

Unit 1; 6MW
Direct-axis synchronous reactance (Xd (Sat)) 0.868
Direct-axis reactance Xd {un-sat} 0.998
Quadrature-axis reactance Xg(sat) 0.565
Quadrature-axis reactance Xg(un-sat} 0.649
Direct-axis fransient reactance (x'd (sat)) 0.274
Direct-axis fransient reactance x'd {un-sai) 0.315
Quadrature-axis transient reactance x'qg {sai) 0.565
Quadrature-axis fransient reactance x'q (un-sat) 0.5649
Direct-axis sub-transient reactance (X'd {sat)) 0.181
Direct-axis sub-fransient reactance x'd {un-sal) 0.208
Quadrature-axis sub-fransient reactance (x"q (sat)) 0.193
Quadrature-axis sub-tfransient reactance xX'qg (un-sat) 0.221
Negative sequence (X2 {sat)) 0.186
Zero sequence (Xo (sat}) 0.054
Leakage reactance(X leak (sat)) 0.0946
Leakage reactance (X leak {un sat)) 0.1104
GENERATOR TIME CONSTANT
Direct-axis open-circuit fransient time constant T'do 3.335
Direct-axis open circuit sub-transient time constant T'do 0.0481
Quadrature axis open circuit sub-transient fime constant T'go 0.034
2. Generator
Unit 2 & 3: 15.3MW
Direct-axis synchronous reactance {Xd {Sat}) 0.916
Direct-axis reactance Xd {un-sat) 0.998
Quadrature-axis reactance Xqg(sat) 0.614
Quadrature-axis reactance Xg{un-sat) 0.649
Direct-axis transient reactance (X'd {sat)) 0.264




Direct-oxis transient reactance x'd (un-sat) 0.287
Quadrature-axis transient reactance x'q (sat) 0.614
Quadrature-axis fransient reactance x'q (un-sat) 0.669
Direct-axis sub-fransient reactance {x"d (sat)) 0.180
Direct-axis sub-transient reactance x'd (un-sat) 0.196
Quadrature-axis sub-transient reactance (x"q {sat}) 0.195
Quadrature-axis sub-transient reactance x"q {un-sat) 0.212
Negative sequence {X2 (sat]) 0.187
Zero sequence (Xo (sat)) 0.067
Leakage reactance(X leak (saf)) 0.098
Leakage reactance (X leak {un sat)) 0.106
GENERATOR TIME CONSTANT

Direct-axis open-circuit tfransient time constant T'do 4.261

Direct-axis open circuit sub-fransient time constant T'do 0.0753
Quadrature axis open circuit sub-fransient time constant T'go 0.055
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Feasibility Study — Daral Khwar FHydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

EXECUTIVE SUMMARY
DARAL KHWAR HYDRIOPOWER PROJECT

The optimised powerstation output is 35 MW, corresponding to a designed discharge of 15 m?/s at
a gross-head of 318 m achieved from a horizontal conduit length of 3200 m.

The optimised project will produce 148 GWh/year, out of which 29 GWh will be available during
4 hrs / day peak period.

The firm peak capacity available during these four hours all the year is 7 MW.

The total project cost is 38 Millions USD or 1080 USD/KW installed. The energy unit cost is
3.68 USc / kWh. The EIRR works out to be 14.7%. { on LRMC basis )

The construction time is 36 months. The site is accessible around the year on existing road-
system.

INTRODUCTION

The project is located in the North - West Frontier Province (NWFP) of Pakistan on the river Daral Khwar
in the district Swat. The Daral Khwar is a tributary of the Swat River. The project area is accessible by
road at a distance of 185 km from Peshawar, the capital of NWFP.

Sl
R e s K2

-

- hisng

55-15-00 May-98 1



g e

= m
17/09/98 11:13

L

m——

55-15-00

i

1

Foasibiiity Study — Daral Khwar Hydropower Project Fakistan-German Technical Co-operation (SHYDO-GT2)

Comprehensive inventory studies for identification of hydropower potential in the mountainous areas of
NWFP have been carried out by the govemment of NWFP represented by Sarhad Hydel Development
Organization (SHYDO) in collaboration with the German Agency for Technical Co-operation (GTZ). Within
this inventory, this project site near Bahrain at the confluence of Daral Khwar with Swat River was
selected, and the detailed feasibility study has been prepared.

Extensive field reconnaissance including topographical surveys, hydrological and geological
investigations and environmental assessments were carried out. Subsequently, the size of the project
was optimised and design criteria determined, followed by engineering studies and feasibility design. Size
optimisation is based on a marginal analysis with economic parameters. (ENPV)

PROJECT DESCRIPTION

GENERAL LAYOUT

The intake with the weir is located 4.5 km North West-West of Bahrain at 1718 m.a.s.l. on Daral Khwar
river. The water is transferred from there through tunnel and penstock to the powerhouse situated on right
bank of Swat River on the main road 2 km south of Bahrain

L = 3044,

1 I i i 1
0100200 4D0 600 80 10DUm

A smali weir of about 40 m length and 3 m height diverts the water to a lateral intake and from there
though a short connection tunnel with gravel spill of totally 58 m length to a sand trap and a short
headrace canal.

From there a 3040 m long concrete lined head race tunnel with a net diameter of 3.4 m will transfer the 15
m¥sec of design discharge to the surge tank. The head race tunnel is designed to be used as a reservoir
for daily peaking with a volume of about 26,000 m”.

From the surge tank a mainly burried penstock, 913 m long and 2 m in diameter, will lead to the power
house.

The net-head will vary from 300 m to 308 m.

55-15-C0 May-98 2
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Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

The slope type powerhouse is composed of a machine half of 30.4 m long, by 16.5 m wide and one
adjacent operation building. It houses two vertical shaft Francis type turbine-generator sets of 14.6 MW
each and one horizontal-shaft impulse-turbine of 5.8 MW capacity.

A outlet structure will discharge the water into Swat river.

The aninual production in total will be 148 GWh out of which 29 GWh as peak energy. The firm capacity is
7 MW. Firm capacity and peak energy refer to four hours daily at 90% availability.

An open 132 kV switchyard is located partly on the roof and partly adjacent to the powerhouse and will be
connected with the National-Grid following the grid system development in the area by insertion of Daral
Khwar HPP into one circuit of the 132 kV / Double Circuit line from Matittan to Madian:

BatalKhwar+8 |
Py |
Matian -82 | Summargah+26 JExisting 220kV S5
< o ! 2‘9 ! ; B
uE ¥ S % Exasting 132KV SS |
H— | Dasu -3 |
' - . Powerflow in MW
‘ Rf ; 118
S / e
- — D ke
5 ) B
[ Daral +35 . Ja £ New 132KV SS |
% KhanKhwar+72 Besham-15
i
|

B = i

cn-1uaan 8 ‘\ o .’\mud-a's i
=] =] \ ] ::}j{ éa\ l E—:H1 @
' Dargar+108 I H-in-1zs _\

F e sﬁsgj 3

[ Mardan -64 —[ — Jehangis | - L Burhan ;

COST ESTIMATES AND ECONOMIC ANALYSIS

Detailed cost estimates and BOQ are available in the feasibility report which may be used as a basis for
development of tender documents.

The total construction cost works out to about US$ 38 million, with a specific capacity cost of
1080 US$/kW. The economic analysis establish that the project will be technically and economically
viable.

55-15.00 May-58 3
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Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

The economic analysis has determined the project to be attractive with NPV (at 10% discount rate) to be
about 13 Millions US$, the project EIRR works out to be 14.7% on the LRMC basis. The project is
therefore, economically attractive.

ABSTRACT OF ESTIMATED COST DARAL KHWAR HYDRIOPOWER PROJECT - 3§ MW

Costin 1000 US$

Sr.# Description Local Foreign Total
A Preliminary works 2257 0 2257
B Civil Works 7046 10231 17277
c Hydraulic steel works 3358 481 3839
D Hydro-mechanical equipment 252 3137 3389
E Electrical equipment 1361 8063 7424
F Transmission system 100 0 100
G Engineering and administration 727 1185 1922
H Other charges {Bank charges Insurance, customs duty, income tax etc.) 1378 0 1378
Total project cost price level 1997 {42 Rupees/US$) 16478 21108 37586

ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT

The demography, the ethnic composition of the people, their socio-economic conditions, health and
sanitation, land and water use, agriculture, imgation, forestry, fisheries, flora and fauna, impact on land,
water and air and the socio-economic activities have been thoroughly examined. Although the negative
impact of the project on the ecology and the inhabitarts will be negligible, yet a mitigation plan has been
prepared to overcome the problem of perceptible nature.

A significant positive effect is that emission of green-house gases is avoided by replacement of fossil-fired
plant capacity by environmentally friendly and renewable hydropower.

Field investigations and engineering studies have led to the conclusion that the project is technically
feasible, economically useful and environmertally safe. Daral Khwar Hydropower Project ranks as one of
the more promising sites and should be undertaken as soon as possible, whether in the public or in the
private sector.

TIME SCHEDULE

DARAL KHWAR HYDROPOWER PLANT
TIME SCHEDULE FOR CONSTRUCTION
0 1 2 3 4
No. Activity Q11Q21Q3|0Q4 QﬂQZiQB Q4/011Q2|Q3|Q4/Q1(Q2(Q3|Q4|Q1,Q2!Q3
Engineering

1 |-Civil, Electrical, Mechanical S
-Geology, -Supervision 1 2912

Preliminary works
2 -Land adquisition
-Tender, Biddings, Contracts Iyl 2

3 Preparatory works
-Camps and Roads

Weir & intake
4 -Excavations, Concreting
-Mechanical & Electncal Works. i I | 2911 2

Conduit system
5 -Tunnels, Canal, Sand Trap
-Surge structures, Penstock 3 [ 12

Powerhouse Crvil works
8 Excavation and Cc o
-interior works, Taitrace 4 i 2

Powerhouse Equipment Fabrication 8 delivery Assambly
7 -Fabrication, deirvery & assembly of
Turbines, Generators, Transformers 1 243 2

Aditional works
8 -Residential buildings, Stores
-Workshops 41 28h2

9 |Commissioning & Cperation ‘ \ m

A more detailed TIME SCHEDULE 18 presertad in VOLUME 2 of this MAN REPORT

55-15-00 May-98 4
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PRINCIPAL DESIGN FEATURES

Pakistan-German Tachnical Co-operation (SHYDO-GTZ)

Location Emergency Vaive Dia 2m
Pakistan. North West Frontier Province (N W.F P) Maintenance Vaive Dia 2m
Swat District, Bahrain Embedded Penstock
Organization Diameter 2m
Sarhad Hyde! Development Organization {SHYDO) Total Length 910 m
River Road Crossing Structure
Daral Khwar Width app. 52m
Catchment area at dam site 250 km?> Ler)gth app. 96 m
Mean annual discharge 1076 m'fs Height app. 134m
Total annual flow 341 hm’ Power House (External Type)
COMPILATION OF MAIN STRUCTURES Depth below machine hall floor 10.7m
Weir Structure Machine hall Length AD4m
Fixed Sill Type Width 165 m
Height abogg riverbed 25m Height above machine hall floor 157 m
Depth beiow river bed approx. 65 m Total length of Power house 344m
4 overflow sections each 8 m wide Total width of Powerhouse 226 m
1 flushing section 4 m wide Total height of Powerhouse 264m
Length of weir structure 48 m Tallrace
Design flood {100y —flood} 640 m/s Cascade type No. of units 3
Intake Wldth (Francis / Petton) 32514m
Lateral intake 4 section each 2.6 m wide Height approx. 8 m
Stoplogs pochets, Coarse rack Trashrack, Length 159 m
Spilling section with gate intake gate Hydro Mechanical Equipment
Connection Tunnel Francis Turbines (Number of units} 2
Height 5m Vertical Shaft Speed 1000 rpm
Width am Net Head 2033 m
Cross Section 17.13 m? Discharge per unit 6.25 m¥/s
Length without Grave Sp. App. 28 m Pelton Turbine {Number of units) 1
G 1Spll Horizontal shaft speed 500 rpm
i 6 Net head 2907 m
We'o':tgth m Discharge per unit 25 ms
c r'oss section 19 2; m Total Turbine Discharge 15 m¥s
Length 2Om Electrical Equipment
Flushing Gate Generators for Francis Turbines (No. of units} 2
Sand Tra Speed 1000 rpm
No. of cnp Capacity 18 MVA
E:régﬁve :;?;t:rzach 6 zg " Generator for Pelton Turbine {No. of units) 1
Ciear width per chamber 5m cstg:::rty 57,02 ;:3 A
;‘;‘e‘::'ﬁ‘“v':’fzn‘gt:a"d"’P ‘3-2 m 2 main Transformers 117132 kV
i A"
Total iength app. 0 m Switchgear 132k
Overflow section POWER AND ENERGY
Design Discharge
Headrace Canai
Heignt, internal 24m 2 Francis (6.5 m/s each) 125 ms
Width. internal 25m 1 Petton 25m/s
Cross Section 8.5 m? Total 15 ms
Length app. am Operation Guidelines \
Headrace Tunnel Stop of generation during periods Q > Soms
Horse Shoe type Cross Section Height 33m Minimum restwater 200 Vs
Cross Sec Width 5 32 m, Annual Turbine Run Off 222 Mic m*
ross on 34 m
2044 Head
léfngth from portal to Surge Tank 05 m Headrace water |eve! 1723 mas!
stOpe Vol 26 000 m, Tailrace water level 1405 m.as.l
orage Yolume e m Gross Head 318 ml
|Surf_.;e ;r:_nk (?haﬂ Type) " Losses
- 3
ok e
Height AOm . .
Francis units 1028 m
:‘f":t"c" Tunnel 305 Pelton unit 12.86 m
Width aam Net Head
Length 50 m Francis units 293.27 m
Valve Chamb Pelton unit 29069 m
al er
Width 13m Energ_y Qutput
Length Mm Francis units 29.2 MW
Height (above ground) 8m ?::t:l" unit 532 m
Depth (below ground) 6m Mean annual energy 148 GWh
Power Factor 0.48 kW
55-15-00 May-98
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INTRODUCTION

The Govemment of North West Frontier Province (N.W.F.P) represented by SARHAD HYDEL
DEVELOPMENT ORGANIZATION (SHYDOQ) is realising the development of the hydropower
resources in the mountainous areas of NW.F P,

When systematically developed the available hydropower potentials, the power demand of the
province may be covered with sufficient surplus of export to other provinces, thus contributing
considerably to meet the future power demand of Pakistan.

Within the inventory of hydropower potential for the Region Swat Valley, a project site at Daral
Khwar near Bahrain was identified by SHYDO/GTZ and selected for the development of a
Feasibility Study.

The summary of the Feasibility Study describes the Daral Khwar hydroejectnc project which
was found to be the most favourable solution for the hydroelectric development of Daral Khwar
River.

Extensive field reconnaissance, topographical survey, hydrological and geo-technical
investigations and engineering studies were camed out for the preparation of the Feasibility
Study, in order to establish a project that would be relevant to supply electricity to the National
Grid System.

The chapters dealing with the engineering structures are preceded by a description of the
resuits of the above mentioned field investigations as well as those of the study of aitemative
designs, and a discussion of design criteria such as optimisation of hydraulic struclures,
determination of turbine discharge and assumptions regarding storage operation of the plant.

As a result of the assessment of field investigations and engineering studies, it is concluded
that the project is technically viable, economically feasible and environmentally safe.

The drawings as well as photographs accompanying the Main Report are presented as
“DRAWINGS Vol 2 of 2"

POWER MARKET

The power seclor in Pakistan is presently structured around two main vertically integrated
public sector utilities. The Pakistan Water and Power Development Authority (WAPDA) is
responsible for providing electricity to most of Pakistan except for the city of Karachi which is
serviced by Karachi Electric Supply Corporation (KESC). Both WAPDA and KESC are
govemment owned. WAPDA serves a large geographic area of the country. It covers a long
North-South area characterised by a low load density. The load centres are located in the
centre, the hydel generating plants in the North and the thermal stations in the South. WAPDA
peak demand in 1996 was 8,499 MW while the installed capacity was 11,113 MW, of which
4,825 MW was hydel. KESC services the city of Karachi and has high peak load densities. The
peak demand in KESC area was 1,503 MW in 1995-96 and installed capacity was 1,948 MW
as the generating capacity increased by 210 MW in 1996.

WAPDA has a rather large primary transmission network. Total length of transmission lines was
28,662 km in 1995-98 (inclusive of Secondary distribution), there were 580 gnd stations with
31,508 MVA instalied power transformer capacity. WAPDA's generation mix has radically
changed over years. Hydel generation formed 72% of total generation in 1879-80. This became
43.4% in 1995-96. Total energy sales have grown at 9.89% avg. p.a. over the period 1980-96,
the growth rate has decreased to 6.79% avg. p.a. in the last 5 years. Domestic consumption
has grown at a high rate of 15.08%, commercial consumption at 8.46% avg. p.a. The system is
expanding rapidly although less than 50% of the population is provided with electricity. This
entails a high growth in the member of customers which have grown from 2.8 millions in 1880
to 9.48 millions in 1996. Domestic customers have grown at a high rate of 8.57% avg. p.a and
are now over 7.8 million {in 1996).

May-98 1.2
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The consumption per customer has grown from 749 kWh/a in 1980 to 1,900 kWh/a in 1996 for
domestic customers. Industriat customers consumed 29,430 kWh/a each in 1980. This grew to
57,037 kWh/a each in 1996 an average growth rate of 4.22% p.a. in recent years. This trend
has reversed and in the last two years there has been negative growth in the consumption per
industrial consumer.

The WAPDA system has been faced with the problem of load-shedding during the last 12 - 14
years mainly due to inadequate investment in generation which lagged behind the power
demand. Load shedding increased from 496 MW in 1979 to 2400 MW in 1994. Energy
shedding also increased from 1 GWh per annum in 1979 to 5,086 GWh in 1994. This was
primanly the result of low reservoir levels at the two main hydel storage (Mangla and Tarbela)
during the low water months occurring from December to June. Since 1996 this trend reversed
sharply because of the commissioning of several thermal units of WAPDA ad Guddu, Kot Addu
and Muzaffaragarh and those of Hubco near Karachi. Another important feature was the
stagnation in the growth of demand for supply of power, especially in the industriai sector for
various economic and political reasons.

Energy losses have reduced form 32.7% in 1980 to 24.43% in 1996. The transmission losses
have reduced from 11% in 1980 to 7.69% in 1996. Similarly, the distribution losses have come
down from 19.5% to 13.82% over the same period. Consumption in auxiliaries has nsen from
2.22% in 1980 to 2.92% in 1996, mainly due to increased share of thermal generation in total
generation, WAPDA arrears have grown from Rs.760 million in 1980 to Rs.14.6 billion in 1996.

The system is projected to grow at about 7.7% from 11,113 MW in 1996 to 55,700 MW in 2018.
WAPDA undertakes system expansion planning utilising WASP to develop least cost system
generation expansion plans, which are updated every year. Transmission and distribution
expansion planning is also undertaken at different levels. Although WAPDA has been attaching
increasing importance to hydel generation in the recent years, yet the development of
prospective hydel stations did not take place at the desired level because the work on feasibility
studies has not been accomplished at the required pace for a number of reasons.

The Power Sector is currently undergoing a somewhat radical transformation. The setting up of
the base load thermal and small hydel generation has been earmarked for the private sector. A
policy dealing with private sector involvement has been evolved. WAPDA itself is to be broken
into privately owned distribution companies; a transmission company; a power dispatch entity;
privately owned thermal and smali hydel generating stations; and publicly owned large hydel
stations. A National Electric Power Regulatory Authority (NEPRA) is also being organised.

TOPOGRAPHY
See Figure 1.3 LOCATION OF PROJECT AREA (next page)

The project area is located in District Swat. Very good maps in the scale of 1:50,000 are
available. Some maps have contour lines intervals in meters while other in feet. The highest
peak elevations in the northem part are between 5944 to 5041 m a.s.|. These maps were
previously used for identification of Hydropower Potential in the Regions of N.W.F.P.

Daral Khwar is a right tributary of the Swat River. The flow direction of Daral Khwar, in its lower
section, follows a bend from West- East direction turns to North-South direction before it flows
into Swat River. By cutting the mountain ridge between the two valleys, it is possible to use a
favourable head for making a hydropower scheme

A prerequisite to the geotechnical investigations and design works was the detailed topographic
survey of the proposed sites for the weir/intake, conduit system and powerhouse areas.

For the Main Traverse, a geodetic basic triangulation network was established between 2 points
fixed at the outlet (powerhouse) area and 2 at weir/intake area. This was done by conventional
survey traverse

The overall length of the traverse was 12 km and 57 stations were set up and cross checked.

May-96 1-3
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Data was processed to eliminate out-of-tolerance sets; cross bracing gave additional sets of
redundancies when calculating station co-ordinates, using least square methods.

Minor traverses were carried out at both the Iniet and Outlet areas in order to provide a spread
of co-ordinated points for the topographic survey work.

Topographic mapping required for the project comprised work both in the office and, more
extensively, field surveys over the whole site area.

For the Feasibility Study the following mapping was carried out:

Medium scale mapping 1:10,000, 1:7,500, 1:5,000

Detailed mapping scale 1:100, 1:200,1:500

Bathymetric survey of the Swat River up and downstream of the line of the penstock axis.
Access road mapping to the weir / intake and surge tank area and structure location.

Additional survey in the area of the surge tank, in the lower part of the penstock, and for the
alignment of access to the powerhouse was necessary during the feasibility study.

HYDROLOGY

The catchment of Daral Khwar is located in the southem slopes between the Hindu Kush and
Himalayan ranges. Daral Khwar is a right tributary that joins the Swat River at the village of
Bahrain. The catchment area measured to the confluence with Swat niver is 268 km? with a
mean elevation of 3,486 m asi. Maximum elevation within the catchment is about 4,200 m asl
and minimum at the confluence is about 1,480 m a.s.l. There are no perennial glaciers within
the catchment although satellite imagery shows small snow covered areas as late as August.

Estimated mean annual precipitation over the entire catchment of Daral Khwar is about
1,560 mm, compared with mean annual run-off, which is about 1,357 mm.

Available hydrological information of the catchment of Daral Khwar, comprises daily flows of
the hydrological station at Bahrain (period of record available Dec1992 - Dec-1995) and low
flow measurements taken on Daral Khwar

Since the period of record was short, an extension of the records by regression analysis was
performed based on records from Swat at Kalam and Swat at Chakdara (from the year 1962
to 1995).

After analysis of the flow paths, good correlation was demonstrated between the pattem of
flows from the long term stations, therefore, it was considered to be sufficient and of good
quality and consequently it allows a rellable calculation of flows at the weir sne where the
catchment area is 250 km2. The mean annual ﬂow was calculated to be 10.76 m*/s and the
discharge available 50% of the llme 4.37 m¥%s. The monthly minimum and maximum
discharges are 1.31 m*/s and 33.86 m’/s in January and June respectively.

The regional method for estimation of floods was developed on the basis of availabie flood
records of the hydrological stations in the northem areas of Pakistan. Flood records of 26
stations were analysed and classified in three regions.

Due to the geographical position of the catchment and the characteristics of precipitation and
observed floods, the catchment of Daral Khwar was classified to be within the region
moderately affected by Monsoon rains.

In this region floods are mainly originated by snowmelt, but rainfall can contribute to maximum
floods. The estimated flood of Daral Khwar at the weir site for 10 years of retum is approx.
390 m?/s, for 100 years approx. 640 m?/s. The estimated flood of Swat river at the powerhouse
site is 2,730 m?/s for 1000 year retum period

For the stations Kalam and Chakdara the annual specific suspended sediment loads were

obtained by summing the average daily specific suspended sediment carmied, and interpolating
between if no readings were taken on certain days.

May-98 1-6
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To estimate the discharge of suspended sediment on Daral Khwar at the weir site a linear
interpolation was assumed. The mean annual suspended sediment discharge following the
method described above was calculated to be some 0.055 10° ton/year.

Mean annual bed-load was calculated at 0,17.10ts tonne/year at the weir site. No bed-load
transfer is apparent during low flows. The mean total sediment load was calculated to be
0.225x10° ton/year.

GEOLOGY

For Daral Khwar Project, geological, engineering geological, geophysical, and soil mechanics
desk studies, field and laboratory investigations have been camried out starting 15th of January,
1994. Summarnising, the main studies consist of geological field mapping, 14 bore-holes, some
in-situ permeability tests, 30 test pits, laboratory tests as to petrography and soil mechanics as
well as geo-electrical and refraction seismically field investigations. A second investigation
campaign as to geophysics was necessary in view of the then still unclassified geoiogical
conditions in the surge tank area; reasons for this were the unsatisfying core recovery and the
missing in-hole tests conceming groundwater and permeability.

The geological and geophysical investigations led finally to the following conclusions and
recommendations:

« The project area is characterised by norites ("a coarse-grained plutonic rock containing
basic plagioclase as the chief constituent and differing from gabbro by the presence of
orthopyroxene as the dominant mafic matenal”), belonging to the "Bahrain Pyroxene
Granulites” of Kohistan Island Arc.

o Considering among others the important Main Boundary Thrust (MMT) as a scurce for
future earthquakes, the seismic design parameters for the project (50 years lifetime) are
recommended as Maximum Design Earthquake (MDE) of 0.25 g with 10 % probability of
exceedance with a corresponding retum period of 475 years, and as Operation Basis
Earthquake (OBE) of 0.15 g with 50 % probability of exceedance and 75 years retum period.

« The weir site was chosen in the upper Daral valley, where bedrock is outcropping on the
right abutment in form of a huge "boulder”, and where on the left bank some decametres
upstream the bedrock reaches near the river bed.

Foundation of the flat weir will be necessary within river deposits.

* A roughly 600 m’ {arge, three-row-grouting curtain will seal the in-situ remaining alluvions
undemeath the weir. A geoplastic foil upstream of the weir will reduce seepage quantities by
lengthening the percolation path additionally.

s The sandtrap is located some 80 m downstream of the intake at the foot of the right bank
within niver deposits. Slope protections may, safety measures (riprap) against high floods
have to be constructed along the sandtrap.

e To connect the weirfintake with the sandtrap, a free-flow by-pass tunnel of 60 m length has
to be driven through the boulder-like outcrop of norites. Tunnelling may become a routine
exercise, as the bedrock shows very good tunnelling properties.

» The short headrace canal reaching from the sandtrap fo the inlet tunnel portal, following the
lower part of the right slope, does not create any difficulties but some protection measures
in the vicinity of the portal.

¢ The low-pressure headrace tunnel of 3,100 m length will cross norites of good quality in its
upper approximately 2900-m-section, will, however, meet very bad and unfavourable rock
conditions by approaching the surge area. Both, conventional heading and TBM will be
possible. irrespective of the rock class and the different strength of the "outer shell®, a
regular "inner shell" of 20 cm thick concrete lining should be taken into consideration in view

May-88 16
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of the water tightness and friction losses. Primary stresses are generally not expected,
remnants may, however, not be excluded.

i ' » Due to insufficient investigation results in the surge tank area, a second investigation
campaign became necessary, the results of which created even more scientific
[’ l imponderables.

e Weighing all general geological criteria, viz judging simply upon the field geological
mapping works by MAGMA, it came to the understanding that evidences for a post-glacial
"Sackung"* event do not exist. All geological criteria and phenomena shall be interpreted as
old tectonical movements. Slope stability analyses with assumed parameters resulted in just
sufficient safety factors.

e
—

P——
t
*

The surge tank is located within a "sheared zone", striking + parallel to the slope causing
special excavation measures, such as pre-stabilisation by grouting; pile walls or drop shaft
foundation. Rock bearing capacities for pressure shocks should not be taken into
consideration. A pre-construction pilot tunnel for rock mechanical investigations may resuilt
in shifting the structure further into the mountain with better rock conditions for a chamber-
like surge structure.

o

« The penstock and access tunnels are situated in same "sheared zone", reducing the rock
qualification decisively. The concrete plugs need deep anchors with pre-consolidation
measures.

» The embedded 900 m long penstock is expected to have "regular" conditions conceming
excavation and backfill. The two fixed points - at the valve chamber and just in front of the
powerhouse - get heavy anchor support. The crossing of Madyan-Bahrain-road is
accomplished by a concrete structure bearing the new road.

— e The powerhouse was, after cost comparison, finally located on the right bank, and will need

¢ foundation on terrace deposits. Heavy soil anchors for slope protection and strong erosion
\-,,."' protection along the water front in form of concrete embedded siprap are necessary. The

LT tailrace cascade does not need any special treatment except flood protection, - L

Jenvin T
The whole bulk of construction material can be gained by quarrying and/or from muck matenal.
p Natural sealing material is not available.
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ENVIRONMENTAL CONSIDERATIONS

Daral Khwar Hydropower Project is proposed to be built near Bahrain Town of District Swat in
N.W.F. Province. It is envisaged to utilise run of river to generate 35 MW electric power. A weir
with a lateral intake and sand/gravel traps will be constructed cross Daral Khwar, near village
Arin, to divert 15 ms discharge into head race channel. Where from the flow will be passed
through a 3,100 m long tunnel across the high mountain into the Swat valley. A drop of 200 m
will thus be available to operate the turbines installed at the Power House iocated 1 km south of
Bahrain town, along the right bank of river Swat.

The geology, hydrology and sedimentation rates have been considered in determining the
feasibility of the Project. The environmental impacts of the project during construction period
and later on during operation have been analysed and folowing aspects, have been
investigated.

« Existing water usage and rest water assessment

-

To keep some margin for future development and uncertainties of weather it is
recommended to base the design of the hyde! station on rest water requirements of at least
200 Vs,

ki

» “sackungen Deep-seated rock creep which has produced a ridge-top trench by gradual settiements of a slablike mass intoc an
adjacent valey” (BATES & JACKSON 1882).
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Domestic solid / liquid waste in to Daral Khwar

Deforestation

Fish cuiture

Displacement of people

Displacement of wild life

Disposal of excavated material

Quarry operation

Remedial measures to mitigate all environmental ill effects have been suggested. The
summary of mitigation cost is as under :

MITIGATION COST

(A) Initial
Amount
S.NO. ITEMS (Mill. Rs.)
i. Compensation of trees. 0.20
ii. Disposal of excavated material with land scaping and plantation. 1.24
iii. Rehabilitation of quarry with land scaping and plantation. 0.30
iv. improving water supply & sewerage system of Bahrain Town. 10.00
V. Providing sewerage disposal for the houses down stream of weir, 1.00
vi. Cost of providing power transmission lines to the two water mills, 0.20
providing electric motors and couplings and other items for conversion.
Total 12.94
(B) Annual (Monitoring of quality of water in Daral Khwar) 0.025 Mili. Rs./ year
(C) Land Acquisition (approx. 10 ha) 11.86 Mill. Rs.

As would be observed the Project will have minimal environmental impact and wili on the other
hand bring substantial socio-economic benefits to the area. The hydropower generation infect
on one hand gives impetuss to economic development and on the other hand helps to reduce
greenhouse effects, which would be evident from the fact that an altemate source of thermal
power generation of equal capacity would produce poliution of the following order.

Fuel Coal Oil Gas
CO, emission in Kg 1.3x10° 1.02 x10° 0.7 x10°
SO, emission in Kg 1.3 x10° 1.02 x10° < 0.44 x10°
NO, emission in Kg 1.3 x10° 1.02 x10° < 1.07 x10°
Particulate emission in Kg. 1.4 x10° 0.26 x10° < 1.3 x10°

SELECTION OF PLANT LAYOUT

Daral Khwar Hydropower Project was identified in 1989/1990 during the Inventory of
Hydropower Potential in the Region “Swat Valley" (Region 4 of the Master Plan for Hydropower
Development in Northem Areas in North West Frontier Province N.W.F.P/Pakistan).

The project was found to be the most suitable within Region 4 due to the favourable
topographical, hydrological and geological conditions and its near distance of the National Grid.

In order to take the maximum advantages of the site, various aitematives have been studies
with variations in

s powerhouse location and type
« design discharge
» turbine type and number
May-98 1-8
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Out of these altematives, the solution which fitted best in the present environmental,
economical and technical boarder conditions has been chosen..

The basic proceeding of selection of alternative, is presented in the flow chart (on the next
page)

According to the requirements of work to be camied out for the Feasibility Study, comparison of
alternatives including prefiminary cost assessment and optimisation of plant layout was
prepared as a first step.

Two altemnatives for powerhouse location were identified, these were:

+ Powerhouse located at the right bank of Swat River.
+ Powerhouse located at the left bank of Swat River.

The original identified scheme envisages the powerhouse on the right bank, however
anticipating foundation problems at right bank of Swat River (terrace deposits) an altemative on
left bank (outcropping rock) was identified and studied for cost (preliminary) comparisons.

The cost comparisons ruled out the left bank alternative.

The final selection of the design discharge, made upon the basis of rough layouts for the
defined altemnatives on the right bank of Swat River.

The optimisation with impact of economic evaluation parameters, updated hydrological data of
Daral Khwar, updated cost estimation on the basis of geological investigations and
environmental aspects was the basis for working out the Feasibility Study for final
determination of main project features.

A compilation of the results of the cost estimate for the defined altematives is shown below:

HYDROPOWER PROJECT DARAL KHWAR/BAHRAIN
COMPILATION OF COST ASSESSMENT
FOR FINAL SELECTION OF PLANT LAYOUT

Alternative| Q desngn Grosshead| Losses Nethead | Capacity | Total cost {Spec. Cost
(m’/s) (m) (m) (m) (kW) 1000 USS | (US$/KW)
DAR10R 10 310 11.08 298.92 24879 32455 1305
DAR15R 15 311 11.54 299 .46 37973 40850 1076
DAR20R 20 312 11.53 300.47 50134 50941 1016

the best design discharge was determined on economic parameters. Benefits were quantified
on the basis of LRMC of capacity and energy. The result of this analysis was that the best final
layout of Daral Khwar Hydropower scheme is a design discharge of 15 m ¥s.

The Plant Dimensioning based on the general layout data was carried out.
The main components included in the Plant Dimensioning are listed below:

Weir with Lateral Intake

Connection Tunnel with Gravel Spilling Systems
Sand trap (2 chambers)

Headrace canal (rectangular section)

Headrace tunnel and access tunnel

Surge Tank

Penstock Tunnel and Valve Chamber
Embedded Penstock

Powerhouse with three Pelton turbines

Tailrace structure

2 & ¢ 8 2 ¢ & @ & 0
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DARAL KHWAR HEPP
DEVELOPMENT OF FEASIBILITY STUDY

IDENTIFICATION OF HYDROPOWER DEVELOPMENT POTENTIAL IN SWAT VALLEY

IDENTIFICATION OF DARAL KHWAR HEPP AND DECISION TO DEVELOP
THE PROJECT AS TO FEASIBILITY STAGE

{
TOPOGRAPHICAL SURVEY - TOPOGRAPHICAL REPORT
GEOLOGICAL GECTECHNICAL INVESTIGATIONS - PRELIMINARY GEOLOGICAL REPORT
ENVIRONMENTAL SURVEY - PRELIMINARY ENVIRONMENTAL REPORT
DISCHARGE MEASUREMENTS - PRELIMINARY HYDROLOGICAL REPORT
GEOPHYSICAL INVESTIGATIONS - PRELUMINARY GEOPHYSICAL REPORT

4

DEFINITION OF MAIN ALTERNATIVES

POWERHOUSE AT RIGHT BANK OF SWATRIVER | POWERHOUSE AT LEFT BANK OF SWAT RIVER
Q=10m¥s Q=15ms Q=20 m%s Q=10m¥s Q=15ms Q=20ms
Q=30m%s Q=35m%s Q=30 ms Q=35mYs

PRELIMINARY COST ASSESSMENT FOR 10 ALTERNATIVES
OPTIMISATION AND SELECTION CF PLANT LAYOUT

|

INTERIM REPORT NO. 1
PRELIMINARY COST ASSESSMENT AND SELECTION OF PLANT LAYOUT

POWERHOUSE AT RIGHT BANK OF SWAT RIVER, Q = 10 m%s (10-25 m%s)

|

PRELIMINARY PLANT LAYOUT ON THE BASIS OF SELECTED ALTERNATIVE AND PLANT LAYOUT

1

INTERIM REPORT NO. 2
DATA REVIEW AND PRELIMINARY PLANT DIMENSIONING

INTERIM REPORT NO. 1
PRELIMINARY PLANT LAYOUT (FOR Q = 11 m®/s} GEOLOGICAL REPORT, GEOPHYSICAL REPORT
TOPOGRAPHICAL SURVEY ENVIRONMENTAL REPCRT

1

INTERIM REPORT NOC. 1a
FINAL SELECTION OF PLANT LAYOUT, Q=15m7s
(IMPROVED RESULTS OF GEOLOGICAL INVESTIGATION AND REVISED HYDROLOGICAL DATA)

i
INTERIM REPCORT NO. 3
CONCEPTUAL DESIGN
OPTIMISATION OF STRUCTURES AND SELECTION OF ALTERNATIVES
i
FINAL FEASIBILITY REPORT
FINAL TOPOGRAPHICAL REPORT HYDROPOWER DESIGN
FINAL GEOLOGICAL REPORT CIVIL DESIGN
FINAL HYDROLOGICAL REPORT MECHANICAL DESIGN
FINAL GEOPHYSICAL REPCRT ELECTRICAL DESIGN
FINAL ENVIRONMENTAL REPORT COST ESTIMATE
TRANSPORT STUDY ECONOMICAL STUDY
TRANSMISSION LINE STUDY FINANCIAL STUDY

OTHER STUDIES
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HYDROPOWER DESIGN

Based on the results of previous studies aimed at the selection of power piant layout, which are
presented under Chapter 7, the altemative for design discharge of 15 m’/s and the powerhouse
on the right-bank of Swat river has been adopted for the Feasibility Design.

Since the basic solution of the hydropower project is now defined, design of the main structures
is subjected to comparative evaluation in terms of economy, engineering and geology.

The engineering design of the hydropower project covers the following main sections:

Civil Works
The civil design comprises the power plant components grouped as follows:
» Weir with lateral intake

For technical and economical reasons a fixed crest weir with overflow sections for 100-year
flood and flushing section has been chosen armong others like tyrolean weir or weir with gates.
The four-section lateral intake includes a spilling opening with gate.

« Conduit System

The conduit system comprises a short connection tunnel and gravel spill structure conveying
the water from the intake towards the two-chamber sandtrap designed to settle and removal of
grains size larger than 0.3 mm during full discharge. Downstream, a short headrace canal
connects the sandtrap to the 3,044m concrete lined headrace tunnel the cross-sectional area of
which has been optimised for the design discharge, tunnel slope and form of operation of the
plant. The proposed tunnel support and concrete lining thickness is based on the prevailing
geological conditions along the tunnel i.e. rock classification, and on the intemat and extemal
water pressure considerations.

Considering the geological conditions for construction at the end of the headrace tunnel, a
surge shaft 30 m height 12 m diameter without chambers as a surge tank has been found
appropriate to absorb extreme water level oscillations caused by operation and regulation of
turbines flow

From the surge tank the waters flows into the aprox. 900 m steel penstock towards the
powerhouse turbines. The penstock diameter and wall thickness has been optimised for the
design discharge and daily peak and off-peak operation of the plant.

» Powerhouse

Due to the topographical and geological conditions at the proposed site and considenng the
type of turbines selected an extemal powerhouse has been chosen.

The elevations of foundation and machine floor have carefully been determined based on the
underground water fevel at the powerhouse site and the estimated water level, dunng extreme
floods, of the adjacent Swat River.

The powerhouse area comprises the following parts:

The substructure housing mainly the Francis turbines and generators, with some auxiliary
rooms and the pit for the Pelton turbine,

The superstructure, above ground, comprising the machine hatl and operating facilities,

The open switchgear area,

The residential buildings.

May-98 1-11
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Hydraulic steel works

The design of the hydrauiic stee! works is based on hydraulic and mechanical considerations.
Hydraulic considerations refer to the maximum/minimum velocities of water flow required for a
reliable and safe operation of the power plant components.

The gates, trash racks, valves, steel penstock, etc. are dimensioned to permit dependable
water flow performance under vanable conditions of operation

The mechanicai considerations refer to the design of the steel structures i.e. the required
thickness and rigidities of the steel parts to resist loads to transport, water pressure and other
stresses caused by the operation of mechanisms, and to withstand the effects of corrosion over
the useful life time.

Hydromechanical equipment

The design discharge of 15 m*s will find the arrangement of 2 vertical Francis units and 1
horizontal Pelton unit for low flow conditions as optimum from the technical and economical
points of view. Each Francis unit will have a rated fiow of 6.25 m*/s, a rated mechanical turbine
power of 15.7 MW and a turbine speed of 1000 rpm.

The Pelton unit will have a rated flow of 2.5 m®/s, a rated mechanical turbine power of 6.4 MW
and a speed of 500 rpm. The net head for the Francis turbines will vary between 305 m at the
maximum reservoir level and the minimum operation discharge and 287 m at the minimum
reservoir and maximum operation discharge. The Peiton turbine will have 3.2 m less head dure
to its higher setting.

The distribution of rated turbine flow was selected for the units considering the operation cycle
of the plant.
Electrical Equipment

This chapter summarises the feasibility design considerations for the electrical installations of
the power house. These layouts are the basis of the cost estimates and will also serve as the
basis for the future final design.

The electrical equipment consists mainly of:

Two veriical shaft generators of 18 MVA each and one horizontal shaft generator of 7.5 MVA
connected via 11 kV cables to the 11 kV main bus.

Two step up transformers of 20/26 MVVA (ONAN/ONAF), 11/132 kV, located in 132 kV outdoor
switchyard for connection to tow outgoing transmission lines.

Control and protection devices for all functions of the plant including the 132 kV switchyard.

Construction

Temporary site installation plants for construction are required one in the weir area and other in
the powerhouse area, for aggregate storage, crushing plants, concrete mixing plants cement
storage and workshops, etc. The site installation plants will use approx. 5,000 m’ each,. After
completion of the main structures the used sites will be restored to the orfiginal condition.

Excavations in the weir, conduit system and powerhouse sites will be approx 160,000 m>,
deposit requirements for surplus excavated matenal will be approx. 57,000 m>.The dlﬁerence
will be used as concrete aggregate 31,600 m’; nprap, pitching, stone works 17,400 m”;
backfilling 54,000 m°.

May-06 1-12
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The following quantities of concrete would be required:

Weir and intake 7.510 m’
Conduit system 18,040 m*
Powerhouse and tailrace 7.550 m’
Total: 33,100 m*

Laboratory tests on the proposed concrete aggregates are necessary to determine their
suutabullly Two crushing plants with a capacity of 40-50 m‘day each to produce approx.
33 000 m* of aggregates within a period of 1-2 years are proposed. A capacity of up to 250
m’/day each would be required for the mixing plants at the weir and powerhouse areas

The normal concrete strength class will be B25 according to DIN 1045 with a mean cement
content 300 kg/m>. Concrete with special properties will have to be used for tunnel lining.

The concrete for surface structures will have to be transported from the mixing piants by
vehicle to platforms at the sites. The method of concrete conveyance (e.g. by crane, with
transit mixtures, conveyor belt or pumping) shall have to be determined so as to prevent
segregation. Concrete lining of underground structures will need transport to the site and final
mixing and placement by pumping.

Estimations on time schedule are based on experiences of modem construction methods with
up-to-date equipment.

It is estimated that the construction period for the Hydropower Project will take three years (five
year including preliminary works, test operation and commissioning)

Year 0 Preparatory works
s Land Acquisition
* Access roads.
e Design and Tender Documents
» Tenderng/Bidding
» Evaluation and Award of Contracts

Construction of access roads are independent activities and can be executed in parailel and
compieted within one year.

Year 1-3 Construction period (3 years)

All civil works for the weir and intake will be completed in two years, mechanical and electrical
works will be finished six months later.

All civil works for the conduit system will be completed in two and a half years; mechanical and
electrical works will be finished three months iater.

All civil works in the powerhouse area. will be completed in 33 months, mechanical and
electrical works will be concluded three months later. Overall power house work needs three
years

Additional civil works like residential buildings, stores, workshop etc. are not in the critical path
of the time schedule. All of them can be built in two years.

Year 4 Test Operation, Commissioning and Contractual Maintenance Period of the
hydropower project would be within 1 year of completion of construction.

Start up and test operation will be possible three years after beginning of construction works
and along with the commissioning period six months will be needed.

May-98 113
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Compilation of Principal Features

River

Details of Main Structures
Weir Structure

Intake

Connection Tunnel

Gravel Spill

Sandtrap

Headrace Canal

Headrace Tunne!

Daral Khwar

Catchment area at weir site
Mean annual discharge
Total annual flow

Type

Height above riverbed

Depth below river bed approx.
4 overflow sections each

1 flushing section

Length of weir structure

Width of weir structure

Design flood (100y - fiood)

Type

4 sections each

Stoplog pockets

Coarse rack

Spilling section with gate
Intake gate

Height
Width
Cross Section

Length without Gravel Sp. approx.

Height

Width

Cross Section
Length
Flushing Gate

No of chambers
effective height each
clear width per chamber
total width of sandtrap
effective length

total length approx.
overfiow section

inlet gates

fiushing gates

fine rack

outlet gates

spilling canal

Height, intemal
Width, intemal
Cross Section

Length approx.

Type of Cross Section

Height

Width

Cross Section

Length from portal to Surge Tank
Slope

Storage Volume

May-86

250
10.76
3409

Fixed sifl
2.5

6.5

8

4

17

48

640

Lateral
2.6

5.00
4.00
17.13
28

6.00
4.00
18.25
30

6.25
5.00
13.40
40
90

3.40
2.50
8.50

41

Horse Shoe
3.30

3.00

8.34

3,044

0.5

26,000

km
m/s
Mio m®

m
m
m wide
m wide
m
m

m’/s

Intake
m wide

N

3333 3333

33333

3333

3®3333

w
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Surge Tank

Penstock Tunne!

Valve Chamber

Embedded Penstock

Road Crossing Structure

Powerhouse

Tailrace

Hydro Mechanical Equipment

Electrical Equipment

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Type Shaft
Intemmal diameter 12.00
Cross Section 113.10
Height 30
Height 3.05
Width 4.40
Cross Section 15.02
Length 50
Penstock Pipe diameter 2.00
Width 13
Length 11
Height (above ground) 8
Depth (below ground) 6
Emergency Valve dia 2
Maintenance Valve dia 2
Crane - Capacity 100
Diameter 2.00
Length 840
Width  approx. 5.2
Length approx. 96
Height approx. 134
Type Extemal
Depth beiow machine hall floor 10.7
Machine hali: Length 30.4
Width 16.5
Height above machine hall floor 15.7
Total length of Powerhouse 344
Total width of Powerhouse 29.6
Total height of Powerhouse 26.4
Cascade type, No of units 3
Width (Francis/Pelton) 3.25/1.40
Height approx. 8
Length 15.9
Francis Turbines vertical shaft 2
Speed 1000
Net head 293.3
Discharge per unit 6.25
Pelton Turbine horizontal shaft 1
speed 500
Net head 290.7
Discharge per unit 2.5
Total turbine discharge 15
Generators for Francis turbines (No. of units) 2
Speed 1000
Capacity 18
Generator for Pelton turbine (No. of unit) 1
Speed 500
Capacity 7.5
2 Main Tansformers 11/132
Switchgear 132
May-88
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Power and Energy

Design Discharge 2 Francis (6.25 m°/s each) 125 m’is
1 Pelton 25 m’s
Total 15.0 m’s
Operation Guideline Stop of generation, flushing section open
during periods Q> 50 m®/s: approx. 1 %
Minimum rest water 200 Ws
%age of spilling water when Q> 10 m®/s: 10 %
Annual Turbine run-off 222 Mio.m®
Head Headrace water fevei 1,723.0 m asl
Mean tailrace water leve! 1,405.0 m as!
Gross head 318 m
Losses (at Quesign = 15 M’/s) 14.14 m
Lost head Francis Units 10.28 m
Pelton Unit 1286 m
Net head Francis Units 293.27 m
Pelton Unit 290.69 m
Energy output Francis Units 29.2 MW
Pelton Unit 58 MW
Power Factor 0.48
Mean annual energy 148 GWh

TRANSPORT/ACCESS-FACILITIES AND HOUSING

Transport of Equipment from Karachi to Bahrain

The transportation of heavy construction and permanent equipment to and within the project
area needs careful attention.

Based on the feasibility design, the heaviest pieces of equipment are the rotors of the
generators and the three phase transformers with a maximum weight of up to 30 tons. Tractors
with dozer blades start form about 6.7 tons (D3B Caterpiliar) to about 88 tons (D10 Caterpiftar)

The heaviest pieces of equipment will start their joumey northwards beginning from the docks
at Karachi. For the 2 Francis turbine-generator units and the Pelton turbine-generator unit
envisaged, there will be some parts whose weights and dimensions to transport will be
unavoidably substantial.

Exceptional loads to be carried:

item Weight (T) Dia (m) Length (m)
Rotor 30 2.1 3.0
Stator 17 4.0 1.0
Transformer 14 2m x 3.5m x 2.7m high

The optien of transport by railway from Karachi te Dargai and then by road to Bahrain seems
more favourable than the option of transport entirely by road.

it is anticipated that suitable railway wagons will be availabie for the first reach, then the
equipment will have to be unloaded at Dargai and loaded on trucks or trailers. With regard to
the transformers they might be moved side-ways from the railway wagon over to the trailer
without lifting, provided suitable wagons are used. For all other equipment the contractor will
provide a mobife crane for lifting the parts. Appropriate cranes are easily available in Pakistan.

May-88 1-16
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or the second reach, the transport by road will be done over a distance of 128 km from Dargai
to the project area in Bahrain.

The route Dargai Bahrain has been surveyed, every comer and steep slope, culvert and bridge
structure inspected and any difficulties for transportation anatysed.

The Bailey bridge at Madyan poses special problems for crossing the Swat River with
exceptional loads The most likely altemative to overcome the problems is by means of a barge
(or raft).

The following is seen as a pre-requisite for the transporter:

1. a special trailer with muttiple axles, each axle limited to a weight of 5 tonnes or less.
2. a special trailer with steering wheels - front and back - to negotiate tight bends.
3. a powerful tractor unit to pull heavy loads up the steeper slopes.

The additional cost of transporting exceptional loads from Dargai to the project area near
Bahrain is estimated in 170,500 US$.

The cost of transportation itself and various additional charges of handiing the equipment at
port of landing etc. is presented in Chapter 11.

Access Road and Transport to the Project Area
e Access Road to the Power House

A short access road of approx. 0.4 km length has to be constructed form the main Madyan-
Bahrain road, downhill to the elevation 1420 m asl, to reach the Power House and Switchyard
areas.

* Access Road to the Access Tunnel, Vaive Chamber and Surge Tank

A new road of approx. 1.5 km length will have to be constructed starting at chainage 870 m of
the existing forest road to Kulban to the Access Tunnel and Valve Chamber working platforms.
Retaining walls and other stabilizing measures will be required to bring the rood to acceptable
standard.

in case that a TBM is chosen for the headrace tunnel excavation, it will be necessary to serve
the working site by a truckable road.

The access to the Surge Tank branches off from the working platform of the Access Tunnel
and is approx. 500 m length

Access Road to the Weir Area

The access road from Bahrain to the Weir site will be approx. 4.8 km length, about 1.2 km has
already been constructed,. widening of the existing road to achieve the minimum & m width is
required. The remaining road length to be constructed is about 3.6 km which will be on the left
bank of the river.

It is proposed to erect a bridge over the weir to reach the intake, Gravel Spill, Sand trap etc. on
the right bank of the river.

GRID INTERCONNECTION

Daral Khwar is located 2 km South of the Bahrain village. The interconnection of the proposed
hydropower plant with the national grid is to be seen in the framework of phased High Head
Hydro development and grid system expansion. The expansion plan is being developed in a
separate study. The choice of voltage levels and layout configuration is developed under
economic and technical criteria. Effort is made to conform to WAPDA standards and the
standard practices. Deviations are proposed only where absolutely necessary.

May-88 117
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The cost of HV transmission iines for mountainous and plain areas was also developed. Energy
costs were based on estimates of LRMC. The development of the transmission system is
possible along the four valleys: Chitral — Dir - Mardan; Swat Valley — Mardan; Indus Valley —
Mansehra - Islamabad; and Kaghan Valley — Mansehra — Islamabad.

The transmission interconnection plan related to the proposed hydropower plant will be realised
by inserting Daral Khwar in one circuit of the bypassing Matiltan — Madyan 132 kVv/DC
transmission line.

The economic cost of the transmission system to be attributed to Daral Khwar was developed
based upon the incremental cost of the transmission system. The total cost of transmission with
and without High Head Hydels was elaborated and the difference was then attributed as the
direct transmission cost of each hydropower plant. The exercise results in a cost of 60.5 $/kW
specific transmission cost which is very close to the marginal capacity cost of secondary
transmission developed in the Coppers and Lybrand Marginal Cost Study. The economic cost
of transmission attributed to Daral Khwar was worked out to be:

Direct Cost 0.8 Mio US$
System Cost 0.8 Mio US$
Total 1.6 Mio US$

This cost is higher than the direct investment cost of 0.8 Mio US$ for connecting Daral Khwar
to the system.

COST ESTIMATES

The cost of constructing Daral Khwar HPP was obtained by considering the following groups:

* Preliminary works which covers the environmental mitigation and land acquisition costs, cost of
access roads to the sites of the project components, cost of transporting heavy loads from Dargai
to Bahrain, and cost of camps and housing for the construction and supervisory staff.

« Civil works comprise of the cost of the main structures: weir with lateral intake; conduit system i.e.
gravel spilling structure, sand trap, headrace canal and tunnel, surge tank, penstock tunnel, valve
chamber, penstock civil works, power house and tailrace structure,

» Hydraulic steel works cover the cost of supply, transportation and erection of the hydraulic steel
structures e.g. steel penstock, gates, trashracks, etc.

» Hydro-mechanical equipment which covers the cost of supply, transportation and erection of the
two main Francis turbines and one Pelton turbine.

« Electrical equipment covers the cost of supply, transportation and erection of generators,
transformers, switchgear, low voltage supply, control, protection, communication, lighting and
emergericy power.

+ Transmission system comprises the cost of transmission lines needed to interconnect Daral
Khwar HPP to the national grid.

s Engineering and administration which covers the cost of foreign and local consultants to do
further site investigation, the detailed design, the preparation of tender and contract documents
and supervision of the construction works.

« Other cost comprises bank clearance charges and local insurance; customs duty on imported
equipment, machinery and plant; and income tax on payments to the contractors. The two later
according to the "Policy Framework and Package of Incentives for Private Sector Hydel Power
Generation Projects”. May 1995,

Contingencies for the former groups were not taken as a uniform percentage of the basic costs,
rather they reflect the uncertainties in the cost estimate of the groups, i.e. for preliminary works
10%; for civil works 15%; for Hydraulic Steel Works, Hydro-mechanical Equipment, Electrical
Equipment, Transmission System 5% respectively.

May-96 118
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The cost estimate of Civil Works is based on the quantities of the works and on the unit prices.

e -

The unit prices were developed based on intemational data bases for civil engineering works
and adapted to the local and regional conditions where Daral Khwar HPP construction will take
place. The unit prices analysis comprises the local and foreign component for the labour,
‘ material and plant required for the production of each itern.

The unit rates for the hydraulic steel works, Hydro-mechanical equipment, Electrical equipment
and Transmission system are based on international market prices as well as on the expernence
of tenders for similar equipment carried out by WAPDA.

ey

Preliminary works unit rates are based on the regional construction practice.

i ]

Price escalation and interest during construction are not included. The price level is 1997 and
the exchange rate 42,00 Rs/USS.

The total construction cost at the above stated parameters is about US$ 38 million, and the
breakdown is shown in Table S. The specific capacity cost is 1080 US$/kW

A breakdown of the construction cost reflects the following as a percentage of the total cost,
excliuding price escalation and interest during construction.

A ey

ey

Mio. US$ %
e Preliminary works 2,257 6.0
¢ Civil works 17.277 46.0
s Hydraulic steel works 3.839 10.2
« Hydro-mechanical equipment 3.389 9.0
s Electrical equipment 7.424 19.8
» Transmission system 0.100 0.3
= Engineering and Administration 1.922 5.1
s Other costs 1.378 37

Civil works account for about 46% of the total construction cost. Tunnels and surge tank
account for about 27% of the total construction cost.

=

7 am =
17/09/98 13:57 C:\PGTCP\Darak-Khwan55-15-01.00C -

The cashflow schedule of Investment based on the construction schedules is shown below:

v Cash flow in thousand US$
; Year | Quarter Local Foreign Total
' 1 0 0 0
2 0 0 0
ﬂ 0 3 550 0 550
4 317 867 0 0 37 867
1 401 747 1148
{] 2 788 1624 2423
1 3 638 908 1546
4 1821 3647 1214 4504 3034 8151
[ 1 1723 1782 3504
2 1598 1955 3552
2 3 1694 2116 3810
E . 4 1839 6853 1813 7665 3652 14518
1 1816 3172 4988
2 1761 2732 4493
[ ) 3 3 907 1850 2757
4 627 5110 1184 8939 1811 14049
Total 16478 21108 37586
B 37% 63% 100%
ﬂ 55-15-01 May-98 119
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Table S
Daral Khwar Hydropower Project 35 MW, Project Cost Summary
Price Level 1997 (42 Rs/US$) Price escalation and interest during construction are not included
ITEM STRUCTURE COSTIN 1000 US§

LOCAL FOREIGN TOTAL

TR

At ENVIRONMENTAL MITIGATION COST & LAND ACQUISITION 684 0 684
A2 ACCESS ROADS TO THE MAIN WORKS SITES 1106 0 1106
A3 COST OF TRANSPORTING HEAVY LOADS, DARGAI-BAHRAIN 7 0 171
A4 CAMPS AND HOUSING DURING CONSTRUCTION 297 0 297

B1 WEIR AND INTAKE 1156 900 2056

CONDUIT SYSTEM 4147 8060 12216
B2 CONNECTION TUNNEL AND GRAVEL SPiLL 71 147 218
B3 SANDTRAP AND HEADRACE CANAL 22 0] 454 1443
B4 HEADRACE TUNNEL, ACCESS TUNNEL, WORKING PLATFORM 2469 G399 8868
BS SURGE TANK, PENSTOCK TUNNEL, VALVE CHAMBER, PLATFORM 507 860 1376
B6 PENSTOCK CIVIL WORKS AND ROAD CROSSING STRUCTURE 110 202 312
B7 POWERHOUSE 1313 1262 2575
B8 PERMANENT RESIDENTIAL BUILDINGS f STORES / WORKSHOPS 430 o] 430

C10  WEIR, INTAKE 131 32 163
C20  SANDTRAP L°C) 21 114
c21 VALVE CHAMBER 21 116 137
c22 PENSTOCK 2468 158 2625
C30 POWER HOUSE 42 84 126
C40  TRANSPORT 138 20 158
C50  ERECTION 465 51 516

D100 FRANCIS TURBINES, 2 UNITS, 6.25 m3/s EACH T 2083 2283

D200  PELTON TURBINE, 1 UNITS, 25m®fs 0 542 542
D300 TRANSPORT 126 15 14
D400 ERECTION 126 208 424

E2 TRANSFORMERS 68 318 386
E3 132 kv SWITCHGEAR 68 347 45
E4 11 kV SWITCHGEAR AND 11 kV LINE POWERHOUSE INTAKE 248 254 503
ES 0.4kV AC LOW VOLTAGE & 110 v DC SUPPLY "7 462 579
E6 CONTROL, ALARM, PROTECTION, TELECOMMUNICATION & WATCHES 172 1806 1978
E7 LIGHTING & SMALL POWER AND EMERGENCY DIESEL 204 193 07
E8 VARIOUS 347 635 o082

H1 BANK CLEARANCE AND LOCAL INSURANCE @ 1% OFBTO G 340 o 340

H2 CUSTOMS DUTY @ 2% OF EQUIPMENT, MACHINERY AND 320 o 320
PLANT COSTOFBTO G

H3 INCOME TAX @ 4% ON PAYMENTS TO THE 78 o 718

CONTRACTORSOFBTOG

55-15-01 May-08 1-20
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1.12 ECONOMIC ANALYSIS

vy

The proposed hydropower plant was identified during master plan studies aimed at
identification of hydropower potential for: rural demand; and for regional and system
requirements. These studies pertained to the planning of Swat Valley (District of Swat, parts of
Swat Districts that drain into the river Swat north of Madyan) region.

~—

Daral Khwar was ranked as the most promising site. The site was upgraded on economic
considerations. LRMC peak and off-peak estimates of capacity and energy at 132 kV level
were used as benefits and optimised size was the one when incremental benefits equalied
incremental costs. The optimised size of the power plant is 35 MW, 148 GWh/a at a plant
factor of 48%.

—d

Project cost estimates were shadow priced to obtain economic cost estimates Tradable were
valued at border prices. A SCF of 0.86 was used to convert financial to economic costs. the
economic discount rate was argued to be less than 10%, however for the sake of this study a
10% economic discount rate was used for project economic analysis.

s B come,

The project economic feasibility is assessed in two parts: The first determines that the project
would form a part of the least cost expansion plan; the second determines that the least cost
plan is economic. The least cost solution was determined by means of WASP runs: use of
LRMC estimates; and thermal equivalence analysis. The benefits for economic feasibility were
estimated. This for residential customers was Rs.4.85/kWh; for small, medium and large
industrial customers it was estimated to be Rs.5.69/kWh and Rs. 4.79%kWh respectively. For
agricultural customers this was estimated to be Rs.4.72/KWh.

The economic capital cost for the project was estimated to be US$.37.6 millions. This includes
direct transmission cost. For economic evaluation the cost was increased to account for
administrative overheads, indirect transmission costs and distribution costs.

Economic analysis is summarised as below:

Economic Feasibility

1709/98 13:57 C:\PGTCP\Daral-Khwan\55-15-01.00C -

NPV (M.US$) | IRR (%)

ﬂ »  Consumer Surplus Basis 10.50 11.36

+« LRMC Basis 13.21 14.68

E +  Thermai Equivalence Basis 3.21 11.15
‘ The project seems to be economic at the stated parameters. The project should therefore be
taken up for construction. The estimated period for construction is 4 years (see bar chart

E Figure 1211).

{] 55-15-01 May-98 1-21
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DARAL KHWAR HYDROPOWER PLANT

TIME SCHEDULE FOR CONSTRUCTION

oy - -y wom—

No.

Activity

0

1 2

at

Q2 |Q3

Q4

*3

Q2 Q3 |Q4(Q1 |Q2

Q3

Q4

Q1

Q2

Q3

Q4 1Q1 Q2 Q3

Engineering
-Civil, Electrical, Mechanical
-Geology, -Supervision

2912

Preliminary works
-Land adquisition
-Tender, Biddings, Contracts

Preparatory works
-Camps and Roads

28/

12

Weir & Intake
-Excavations, Concreting
-Mechanical & Electrical Works

N
~J

292

Conduit system
-Tunnels, Canal, Sand Trap
-Surge structures, Penstock

29M2

Powerhouse Civil works
-Excavation and Concreting
-Interior works, Tailrace

L0
-

29/12

Powerhouse Equipment
-Fabrication, delivery & assembly of
Turbines, Generators, Transformers

Fabrication & delivery

Aditionat works
-Residential buildings, Stores
-Workshops

28/

12

Commissioning & Operation

A more detailed TIME SCHEDULE is presented in VOLUME 2 of this MAIN REPORT
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2.1.2

2.2

Pakistan-German Technical Co-operation (SHYDO-GTZ)

THE POWER SECTOR

Background

The Pakistan Water and Power Development Authority (WAPDA), a Govemment owned
statutory body, and the Karachi Eiectricity Corporation (KESC), a predominantly govemment
controlled, pubtic limited liabitity company, are responsible for electricity supply in Pakistan.
KESC caters to the power needs of the Karachi municipal area and its environs, while WAPDA
caters to the power needs of the rest of Pakistan and accounts for about 80 percent of the
electricity sales in the country. Both institutions have responsibility for generation, transmission
and distribution of power in their respective areas and are subject to the administrative contro!
of the Ministry of Water and power.

WAPDA with a franchise area of about 770,000 sq. km. and an electricity consumption density
of 47 MWh/sq. km./year at present (1996") carries out a largely decentralized power distribution
operation through eight Area Electricity Boards. KESC, on the other hand has a franchise area
of about 6,000 sq. km. and an electricity consumption density of 1,141 MWh/sq. km./year. it at
present carries out an essentially centralized power distnbution operation.

WAPDA's current installed power generation capacity of 11,113 MW is hydrotthermal based
while KESC's installed power generation capacity 1738 MW is purely thermal based. WAPDA's
peak generation demand in FY 1996 was 8,278 MW an its energy generation 48,859 GWh; the
comresponding figures for KESC were 1,503 MW and 9,377 GWh. WAPDA and KESC are
interconnected by power transmission lines at 220 kV and 132 kV having a total power transfer
capability of about 850 MW, and, given their combined power generating capacity of 12,166
MW at present, they form one of the largest integrated power systems in the region.
Nevertheless, they have tended to operate their power systems rather independently and the
power transfer capability between them has not been used to optimize hydro/thermal power
generation coordination within the country.

WAPDA's Existing Facilities

WAPDA's current installed generating capacity of 11,113 MW consists of hydro electric piant
4,825 MW. Mos! of the hydro-electric capacity is located at Tarbela 3,478 MW, Mangla 1,000
MW and Warsak 240 MW. Thermal generating ptants are concentrated at Guddu 1,655 MW,
Kot Addu 1,088 MW and Jamshoro 710 MW. WAPDA's primary power transmission is carried
out at 500 kV and 220 kV. The 500 kV lines connect the major load centers in central and
souythem Pakistan. Currentty, WAPDA's 500 kV transmission system has about 4,239 km of
transmission lines and serves about 7,224 MVA of grid substation capacity.

The 220 kV transmission system which supplements the 500 kV system has about 2,449 km of
transmission lines and serves about 6,597 MVA of grid substation capacity. Secondary power
transmission is camed out at 132 kV and at 66 kV. About 21,974 km of secondary transmission
lines serving about 17,687 MVA of grid substation capacity are now in existence. Primary
power distribution is carried out at 33 kV and 11 kV through about 173,568 circuit km of
distribution tine. The low voltage secondary power distribution system based on a 4-wire, 3-
phase, 400 V system consists of about 112,072 km of distribution lines.

Generation faciiities in the WAPDA system are a hyde! thermal mix. Hydels constitute about
43.4% of the total instalied capacity. The KESC sysiem on the other hand, has thermal
generating facilities only.

POWER MARKET

During the period FY 1980-96, WAPDA's electricity sales grew from 8,160 GWh to
36,925 GWh at a compound annual rate of 9.89 percent. The growth during the last five years
FY 19980-96 has been lower at 6.79 percent a year. WAPDA's electricity generation during
these periods grew at lower rates of 9.10 percent and 7.25 percent a year, respectively,

' Al figures relate to 1995-96 unless staled otharwise.

55-1502
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reflecting the gradual reduction, in system loss from 32.7 percent in FY 1980 to 24.43 percent
in FY 1996.

A gradual decrease in the overall systermn load factor is also indicated by the peak power
demand growth of .03 percent a year during the period. Given the power generation shortages
and resulting power supply restrictions that have been required since the early nineteen
eighties, it is relevant to note that these power and energy demand figures have been affected
by a certain amount suppressed demand which stiil continues.

The load growth in the WAPDA system is presented as foliows: -

WAPDA HISTORICAL TRENDS IN LOAD GROWTH

Financial Gross Generation (GWh) Energy System | Maximum | System | Average
Year Aive Th Sold Losses | Demand Load Revenue
ydro | Thermal | Total GWh % MW | Factor % | Ps/kWh

1980 8718 3406 12124 8160 3270 2076 66.70 43.95
1981 2046 4160 13206 9068  31.33 2473 61.00 51.69
1982 9526 5242 14768 10288  30.34 2846 59.00 56.78
1983 11366 5126 16492 11687 29.74 3163 59.50 62.01
1984 12822 5230 18052 12762  29.30 3295 62.50 62.74
1985 12245 6532 18777 13756 26.74 3791 56.50 63.82
1986 13804 7251 21055 15504  26.36 3833 61.00 74.40
1987 15251 8379 23630 17745 2490 4325 63.00 69.59
1988 16689 10762 27451 20702 24.59 5031 62.30 82.89
1989 16974 11924 28898 21982  23.93 5440 60.60 94.44
1990 16925 14502 31427 24121 23.25 5680 63.20 105673
1981 18298 16137 34435 26585 22.80 6080 64.40 116.51
19892 18647 19419 38066 29267 23.11 6532 66.00 126.81
1993 21111 19680 40791 31272 23.34 7522 62.75 126.15
1994 19436 22960 42396 32131 24.21 8067 59.50 140.77
1985 22858 23268 46126 35032 24.05 8252 58.50 162.58
1986 23206 25653 48859 36925 2443 8278 67.38 20870

Growth
80-96 6.31 13.45 9.10 9.89 «1.81 9.03 0.06 10.23
89-96 4.57 11.57 1.79 7.69 0.30 6.18 1.83 11.89
91-96 4.87 9.7 7.25 6.79 1.39 6.33 0.91 12.37
94-96 9.27 570 7.35 7.20 0.45 1.30 6.41 21.76
95-96 1.52 10.25 5.93 5.40 1.58 0.32 13.24 28.37

Source: WAPDA Power System Statistics - March 1997
The significant facts regarding the above statistics are as follows: -

1. Hydel generation has increased at an average rate of 6.31% over the period 1980-1996,
this has reduced the share of hydro in total generation from 71.91% in FY1980 to 47.50%
in FY 1986. The share of hydro has decreased even more sharply in the last five years.
This indicates the increasing weight of thermal generation in the total mix.

2. Energy sales have a lower growth rate in the last five years as compared to the last 16

years. This is possibly due to the recent tariff increase that has dampened growth in sales.

May-98 2-3
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3. System losses have decreased from 32.70 in FY 1980 1o 24.43% in FY 1996. This seems
£ to be impressive. In the last five years losses have in fact increased. This is partiy due to
N the increasing weight of thermal generation in total and increased distribution losses

(possibly increased non-technicat losses) due to the sharp increase in domestic and other
tariff,

System load factor has decreased from 66.7% in FY 1980 to 67.38% in FY 1996. This is
mainty due to the enhanced capacity of WAPDA to meet system peak demand in summer
as a result of the Tarbela units 11-14 (1728 MW) available mainly in the summer high
water months. The increased ability to meet summer demand has not achieved a matching
improvement in the first haif of the year, although increased share of thermai has to some
extend reduced winter capacity and energy shortages.

——— S—
E-N

5. The average tariff has increased from 43.95 Ps, /kWh in FY 1980 to Ps. 208.70/kWh in FY
1996. In reai terms the tariff/kWh has decreased over time. Tariff has not kept up with
inflation, although tariff increases in the last 5 years perhaps match inflation.

During the {ast 16 years domestic customers grew at a rate of 8.57% which has siowed down to
6.04% during the last five years, this is mainly due to slowdown in new rural customer
connected in the recent past. Drop in growth in commercial new customers connected could be
similarly explained. The essential statistics are as follows:-

6

Q
: § WAPDA's Power Market Customers
E .'?E Financial | Domestic |Commercial| Industrial | Agriculture | Public Light| Bulk & Total
"?5 Year Nos Nos Nos Nos Nos Others Nos Nos
! _% 1980 2087364 496012 107168 101949 1477 821 2794791
iéf 1981 2479453 571800 111484 104108 2090 1010 3269945
g'“ 1982 2732962 624900 115833 111278 2161 1108 3588242
ﬂ § 1983 2989377 674600 119464 114390 2390 1215 3901436
& 1984 3261362 724516 123508 118265 251 1483 4231645
0 1985 3500196 770465 128441 120905 2447 1541 4523995
E’ E 1986 3780108 834127 133573 124918 2647 1684 4877057
‘ ® 1987 4106424 898118 139537 130034 2801 1772 5278686
: § 1988 4525987 964377 147439 136860 3017 1943 5779623
8 1989 5077901 1039033 153042 143869 3247 2075 6419167
1990 5467738 1088932 158800 149554 3453 2202 6870679
1991 5805382 1134754 162624 152169 3531 2261 7260721
1992 6219656 1185723 169436 155305 3759 2362 7736241
1993 6622977 1221223 172145 153088 3829 2488 8175750
n 1994 6995561 1257887 174577 157710 3730 2577 8592042
1995 7376032 1342946 179392 162303 3910 2701 9067284
1996 7783832 1344975 181092 165114 3990 2728 9481731
[] Growth
80-96 8.57 6.43 3.33 3.06 6.41 7.79 7.93
H 89-96 6.29 3.76 243 1.99 299 3.99 573
. 91-96 6.04 3.46 217 1.65 2.47 3.83 5.48
94-96 5.48 3.40 1.85 232 343 2.89 5.05
ﬂ . 9596 553 015 095 173 205 0.9 4.57
Source: WAPDA Power System Statistics - March 1997
g 55-15-02 May-98 24
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The rate of growth in customers connected has dampened in the last year for all customer
category classes except for domestic customers this can perhaps be explained by : economic
slowdown; and financial difficulties faced by WAPDA. Domestic customer growth remained
unaffected since rural electrification activity continued by virtue of donor funding, inspite of
WAPDA's financial difficulties.

The total domestic and commercial consumption has grown at a smaller rate during the last
five years as compared to the last 16 years for reasons presented above. Industrial
consumption has grown at a lessor pace in the last five years due to macro economic impact.
Tubewell growth has been dampened by price increases and near saturation in pumping
potential. Industrial consumption has in fact registered a decrease in the last two years. This is
the result of the economic problems faced by the country; due to the macro restructuring of the
economy; high energy tarffs; high interest rates; import tariff readjustment; and increased theft
due to electricity tariff increases.

Consumption statistics are presented as follows:-

WAPDA's Power Market Consumption

Financial Domestic |Commercial| Industrial | Agriculture | Public Light] Bulk & Total
Year GWh GWh GWh GWwWh GWh Others GWh
GWh
1980 1564 389 3154 2056 50 947 8160
1981 1858 445 3482 2125 58 1100 9068
1982 2408 574 3960 2357 75 914 10288
1983 2866 634 4417 2546 78 1046 11587
1984 3470 739 4708 2663 75 1107 12762
1985 3888 796 5061 2782 77 1152 13756
1986 4514 875 5894 2880 90 1251 15504
1987 5357 891 6436 3452 110 1398 17745
1988 6290 1054 7236 4394 117 1611 20702
1889 6939 1068 7579 4357 127 1912 21982
1990 7647 1106 8360 5004 148 1856 24121
1991 8618 1152 9114 5585 178 1928 26585
1992 8691 1192 10213 5823 228 2120 29267
1983 11220 1303 10812 5585 195 2047 31272
1994 11964 1318 10532 5742 216 2359 32131
1885 13449 1490 10603 6256 235 2563 34596
1996 14792 1653 10328 6658 301 3192 36825
Growth

80-96 15.08 9.46 7.70 7.62 11.87 7.89 9.89

89-96 11.42 6.44 4.52 6.24 13.12 7.60 7.69

91-96 11.41 7.49 2.53 3.54 11.08 10.61 6.79

94-96 11.19 11.98 -0.97 7.68 18.05 16.32 7.20

95-96 9.89 10.94 -2.58 6.43 28.25 5.73 5.34

Source: WAPDA Powesr System Slatistics - March 1997
The growth in customer consumption for domestic, commercial, industrial and agricultural has

slowed down in the last 5 years as compared to the last 16 years. This is partly explained by
the recent tariff increases. Per customer consumption over time is as follows:-

May-08 2-5
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WAPDA's Power Market Per Customer Consumption

Financial Domestic [Commercial| Industrial | Agriculture | Public Light| Bulk & Total

Year GWh GWh GWh GWh GWh Others GWh
GWh
1980 749 784 29430 20167 33852 1153471 2920
1981 748 778 31233 20411 27751 1089109 2773
1982 881 918 34187 21181 34706 824910 2867
1983 959 940 36973 22257 32636 860905 2970
1984 1064 1020 38119 22517 29869 746460 3016
1985 1111 1033 39403 23010 31467 747567 3041
1986 1194 1049 44126 23055 34001 742874 3179
1987 1305 1103 46124 26547 39272 789503 3362
1988 1390 1093 49078 32106 38780 829130 3582
1989 1367 1028 49522 30284 39113 921446 3424
1990 1399 1016 52645 33459 42861 842870 3511
1991 1484 1015 56043 36768 50411 852720 3661
1992 1558 1005 60276 37494 60654 897544 3783
1993 1694 1067 63388 36548 50927 822749 3825
1994 1710 1048 60329 36409 57909 915406 3740
1995 1823 1110 59105 38545 60027 1117647 3866
1996 1900 1229 57037 40324 75439 1170088 3894
Growth

80-96 5.99 2.85 4.22 4.43 514 0.09 1.82

89-96 482 2.59 2.04 417 9.84 347 1.85

91-96 506 3.90 0.35 1.86 8.40 6.53 1.24

94-96 5.41 8.30 277 5.24 14.14 13.06 2.05

95-96 422 10.77 -3.50 4.61 25.67 4.69 0.74

Source: WAPDA Power System Statistics - March 1997

CURRENT CRISIS AND MITIGATING STEPS

Load Shedding and Mitigating Steps

The WAPDA AND KESC Systems are currently supply - constrained in both generation
capacity and transmission capability, necessitating selective load shedding during both peak
and off-peak periods. Load shedding will continue in the near future until sufficient additional
capacity is added to meet growing demand. There is need to meet growing demand but there is
greater need to: Correct supply mix distortions which are responsible for inability to meet load.;
Add new generation to meet growing demands, this new addition should maintain the corrected
optimum generation mix;

WAPDA's load shedding is concentrated in early winter and early summer months. These
periods are characterized by low hydro-electric capacity or energy availability. Load shedding
has been resorted to by WAPDA since FY 1982. The following table illustrates the extent of
load shedding ocver the period 1979-1996.

May-98
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WAPDA-ENERGY SHEDDING-ENERGY (GWh)
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The need for load shedding has arisen not only due to the inadequacy of power generating
capacity but also due to the fact that WAPDA's major hydropower plants at Tarbela (3478 MW)
and Mangia (1000 MW) suffer from the dual constrainis of. electricat power output reduction
when reservoir levels are low around mid May, and electrical energy output restrniction when
irrigation needs are low and water releases through the power plants are restricted from mid
December to mid February. The second constraint is more serious since restricted electrical
energy supply results in a considerable impact on the economy.

The economic impact of the first constraint is less severe since there is less restriction on the
amount of electrical energy output; however, the efficiency of water utilization is low. The total
impact of load shedding on the economy is substantial and is estimated at about $600 million
for FY1991. The fact that the dams at Tarbela and Mangla were built in the late 1960s by the
imgation sector mainly for the benefit of that sector; rapid growth of demand for relatively
under priced electncity in the 1970s generated from newly found and under priced gas
resources from Sui; inability of the country to embark on a nuclear power generation program
aithough power planning studies in the early 1970s did indicate the feasibility of doing so;
and/or; inability to add base load thenmnal power generating facilities; low priority given to power
sector investments in the latter part of the 1870s. The root causes for load shedding can be
traced to:

In FY1985 the Govemment made an effort to eliminate load shedding by FY1980 but realized
that funds in the magnitude required could not be made available through the public sector. It
was at this point that the Government sought additional resources from the private sector and
encouraged private sector sponsored power generation.

The load shedding profile presented above is undergoing a fundamental change. The system is
gradually evolving into a capacity deficient one from the energy deficient system of the near
past. WAPDA has made significant investments in base foad thermal capacity, through their
own investments (2567 MW) and through private initiatives (6,623).

The above means that the power mix is being altered in a rather fundamental manner. The
base load capacity being added will result in an end to winter and early year load shedding. The
last two years already indicate that the effect of hydrology in December to May period is
mitigated by addition of base load capacity. The critical areas for the systems will in future be;
The July to August period, this is the maximum demand period. Thermal capacity added will
only be partially available due to scheduled maintenance; WAPDA has converted all existing
thermal peak load facilities to base load combined cycle facilities. WAPDA therefore will have
problems in adequately meeting the daily peak demands aimost through out the year.

The impact of adding thermal base load capacity upon load shedding is best explained by the
graph that follows. The graph shows the comparison of the distribution of load-shed, on
average, between 1979-1996 and the load shedding distribution for the year 1996. The graph
indicates the mitigation of load shedding in winter months due to addition of base load thermal
capacity. These are two observations which need to be made. Firstly the companson is
between average of 17 years and a single year data. Secondly the impact will be enhanced as
the IPP's start to come on line, in 1997 Hub River and Kot Addu were on line, other stations will
be commissioned in the near future. The point here is to indicate that the system will have
problerns to meet the summer peak and the daily peak. (Presented on next page).

The comparison between historical energy unserved to planned estimates of unserved energy
also supporsthe above argumenti. The historical has been winter and early year load shedding
(December to May) whereas the long term system expansion plan envisages that the unserved
energy will be a function of the peak demand months (June to August), presented on next
page.

May-Q6 2-9



e ey ey

. |

A

el |

)

11/09/98 10:16 - C\PGTCP\Daral-Khwanr\55-15-02 DOC - 26

Feasibiiity Sfudy — Daral Khwar Hydropower Project

Load Shed MW p.u.

Unserved Energy p.u.

1000 -

551502

Palkistan-German Technical Co-operation (SHYDO-GTZ)

Load Shed in p.u. WAPDA System
1979-96 Avg. p.u. Compared to 1996 p.u

1 2 3 4 ] 6 7 8 9 10 11 12
Months Jan. to Dec.

I:o-1996 wd—Awrage

Comparasion of Unserved
Energy by Months-Plan vrs Historical

Periods Jul..

e 1996wl AvBTE G

May-98 210



- 3 ——

G, |

=3

‘08/06/98 14:44 - C:\55-Darahword-doc\55-15-02 doc -

i, I it |

.

-

e

Feasibility Study — Daral Khwar Hydropower Project

~
F 48

Pakistan-German Technical Co-operation (SHYDO-GT2)

WAPDA's Power System Loss & Mitigating Steps

WAPDA's system loss has been reduced from 32.7 percent in FY 1980 to 26.36 percent in FY
1986 and to 24.43 percent in FY 1996. Losses as % of total have decreased at an average of
1.81% over the 16 year period. However in the last 5 years losses as % of total have grown at
1.39% average per year.

WAPDA losses are presenied as follows:

WAPDA SYSTEM LOSSES

1980 12124 269 3406 28.08 8160 3964 3270 43.95
1981 13206 344 4160 31.50 9068 4138 3133 5169
1982 14768 350 5242 3550 10288 4480 30.34 56.78
1983 16492 399 5126 31.08 11587 4905 29.74 62.01
1984 18052 400 5230 28.97 12762 5290 2330 6274
1985 18777 404 6532 3479 13756 5021 26.74 63.82
1986 21055 402 7251 3444 15504 5551 2636 74.40
1987 23630 406 8379 3546 17745 5885 2490 69.59
1588 27451 454 10762 36.20 20702 6749 2459  82.89
1989 28858 495 11924 4126 21982 6916 23.93 94.44
1990 31427 623 14502 46.15 24121 7306 23.25 105.73
1991 34435 859 16137 46.86 26585 7850 22.80 116.51
1992 38066 928 19419 51.01 29267 8798 23.12 126.81
1993 40791 942 19680 48.25 31272 8519 23.34 126.15
1994 42396 1112 22960 5416 32131 10265 2421 140.77
1995 46126 1199 23268 50.44 35032 11094 2405 16258
1996 48859 1429 25653 52,50 36925 11634 24,43 208.70
Growth
80-96 9.10 11.00 13.45 3.99 9.89 7.13 -1.81 10.23
89-96 7.79 16.35 11.57 350 7.69 8.11 0.29 11.99
91-96 7.25 10.72 9.71 2.30 6.79 8.74 1.3¢ 1237
94-96 7.35 13.36 5.70 -1.54 7.20 7.82 044 2176
95-96 5.93 19.18 10.25 408 5.40 7.57 1.55 2837
Source: WAPDA Power System Statistics, March 1997
WAPDA's losses as % by functions is presented as follows:
2 Total losses + Total units generated
May-98 2-11
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Pekistan-Germen Technical Co-operation (SHYDO-GTZ)

WAPDA System Losses

Financial Auxiliary Transmission Distribution Total
Year Consumption %" %" %" %"
19880 2.22 11.00 18.50 32.70
1981 2.60 10.70 18.10 31.33
1982 2.64 9.20 18.50 30.34
1983 242 9.60 17.70 29.74
1984 222 9.90 17.20 29.30
1985 2.15 9.40 15.20 26.74
1986 1.91 9.10 15.40 26.36
1887 1.72 8.70 14.50 24.90
1988 1.65 8.50 14.50 24.59
1989 1.71 8.30 13.90 23.93
19980 1.98 8.69 12.58 23.25
19891 2.49 8.69 11.62 22.80
1992 2.44 9.18 11.50 23.12
1983 2.31 8.99 12.07 23.34
1994 2.62 8.77 12.82 24.21
1995 260 7.58 13.87 24.05
1996 2.92 7.69 13.82 24.43

Groth
80-96 1.06 2.45 2.25 2.03
89-96 7.20 -1.50 -0.04 0.08
90-96 5.57 -2.70 1.97 0.68
93-96 6.11 -8.18 7.20 1.52
94-96 -0.87 -13.57 8.19 -0.67
95-86 12.31 145 -0.36 1.58

Source:. WAPDA Power System Statistics - March 1997

Losses as % of total in auxiliary consumption have increased at an average rate of 1.73% p.a.,
this growth in the last 5 years has been at a rate of 3.20% average p.a. These can be explained
by the fact that share of thermal generation over total generation has grown from 28.09% in
1980 to 41.26% in 1989 to 52.50% in 1996.

The level of power transmission loss has to be considered with the fact that WAPDA's ratio of
primary and secondary power transmission circuit kilometers to instailed generation capacity in
megawatts at 2.6 is perhaps the highest in the region'. The above ievel of WAPDA's
transmission loss can, however, be expected to drop with the commissioning of under
construction 500 kV lines to Lahore and Peshawar and due to the ongoing secondary
transmission and gnd station expansion program.

Considering WAPDA's low demand density of about 47 MWh/sq. km/year and rapid distribution
network expansion rate of about 10 km/GWh/year the performance in power distribution loss
reduction from about 20 percent in 1980 to 13.83 percent in 1996 is quite creditable. This has
been achieved through a continued program of well planned distribution system expansion and
rehabilitation coupled with a massive dnve against non-technical losses.

Distribution technical losses have been reducing in the past years and can be expected to
reduce further with continuing technical improvements, inciuding further addition of capacitors
for the distribution system. Distribution losses have registered an increase in the last 5 years by
3.53%. This is inspite the energy loss reduction program. This increase is attributed by WAPDA
to non-technical losses which have increased in response to increase in domestic tariff.

. B naice B wtmes. S snmts Y atiin: S cummes.

as percentage of gross generation
a couple of compansons are indonesia (PLN) at 1.6 and Malaysia {NEB) at 1.9; the corresponding figures of net system loss are 16
and 15 percent, respectively

551502 May-98 2-12
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Constraints to Power Production

Both the hydro-electric and thermal components of the generating system suffer from
operational constraints making it difficult to meet the electricity demands of the consumers.

¢ Hydro-electric Power Constraints

Over 90% of hydro-electric energy production is from the two principal storage developments,
Mangla and Tarbela. Their current live storage capacities are:

Live Storage Mangia Tarbela
Volume (km?) 5.6 104
Percentage of Annual Inflow 20 14

It can be seen that their live storage volumes are large - but not when compared with their
inflow volumes. Furthermore, the operations of these projects are dictated by the needs of
imgation. To a large extent, power is generated as a by-product of reservoir releases made to
meet irigation demands. This is particularly evident in the month of January when, irrigation
canal maintenance takes place and the hydro-electric energy production is very low.

* Thermal Power Constraints

Most stations nomally operating on gas are required to switch to fumace oil or HSD in the
winter months when gas demands in the domestic sector are high. There are also sometimes
fuel supply constraints, particularly in the winter period, which limit production. The ongoing
capacity deficits in the power system places pressure on plant operators, on occasion, to
postpone regular maintenance resulting, sometimes, in excessive forced outages.

+ Supply Demand Balance

The generation system is stressed in relation to the demand at two critical {imes of the year.
The first is the mid-winter period, particularly January, when hydro-electric energy is low and
constraints to thermal power production combine to yield large amounts {o load shedding. The
peak power demands for the country occur in the May-July period, when the storages are not
full and insufficient thermal capacity exists to meet the peak load.

Generation Constraints

+ Hydel Availability

WAPDA depends very heavily on the output of its two major hydel power stations at Tarbela
and Mangla. Due to hydrological and operational reasons the outputs from these stations are
subject to wide vanations. The implication of this is that from late July to early December when
hydel output is at full capacity there are generally no power shortages. At other times supply
lags demand by 1200 MW (FY 1994). The system experiences considerable shortages of: both
capacity and energy during late winter to early summer when reservoir levels are low; capacity
late in the summer when demand is nising but hydel capability is decreasing and; energy in end
December and early January due to canal closures.

+« Thermal Plant Maintenance

Thermal maintenance is scheduled for periods when hydel capability is to its peak capacity
during July to early December. The recent shift from a hydel dominated system to a hydel
thermal mixed system makes this no more fully possible. This requires some themmai
maintenance to be scheduled for periods when hydel capability is low thereby adversely
effecting unserved energy and system reliability. KESC which schedules its maintenance in
winter {due to low load requirements) could contnbute to WAPDA's shortfall by rescheduling its
maintenance. Lack of proper institutional arrangements and take off pricing arrangements
inhibit such arrangements.

May-08 2-13
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Pakistan-German Technical Co-operation (SHYDO-GTZ)

» Hydel Pricing

The constitutional provision of payment of royalties on 'profits' on hydel generation means that
WAPDA has little incentive to optimize hydel operation since savings with respect to avoided
thermal cost appear as a cost to WAPDA under current methodology of calculation of 'profits’
on hydel generation.

¢ Transmission Constraints

The transmission system ties between WAPDA and KESC have deficiencies of capacity and
there are also some technical problems. This has in the past resuited in water being spilled
when hydroelectiic energy could otherwise be used in the KESC system. WAPDA system
transmission has constraints, in the shape of : line and transformer over loading; stability
problems; difficulties with control of voltage or reactive power. This has at times resulted in
local load shedding merely to meet transmission constraints.

Arrears

Receivables continue to be WAPDA's problem although in recent years recoveries have
improved. Arrears are partly a political problem beyond control of WAPDA. Reduction of non-
technical losses and receivables is perceived by WAPDA, as a problem related to coruption.
WAPDA is evolving a framework for involvement of the private sector in operation of the
distribution system. WAPDA has also been given additional powers to recover receivables and
use of there powers has improved WAPDA's position on this account. WAPDA arrears are
presented as follows:

WAPDA ARREARS
Total Amotint Accumulate Accumulate Arrears
Financia! Billed Receipts Arrears Arrears Arrears % of as % of
Year M.Rs. M.Rs. M.Rs. M.Rs. Year Billed
1980 3915.71 3718.37 197.34 756.96 19.33 5.04
1981 4791.82 4507.74 184.08 941.04 19.64 3.84
1982 6012.75 5748.58 264.17 1205.21 20.04 4.39
1983 7367.99 7118.30 249.69 1454 .90 19.75 3.39
1984 8213.94 7926.07 287.87 1742.77 21.22 3.50
1985 8991 .45 8909.68 81.77 1824.54 20.29 0.91
1986 11759.95 | 11250.63 509.32 2333.86 19.85 4.33
1987 12583.86 | 12328.86 255.00 2588.86 20.57 2.03
1988 17436.54 | 17001.11 43543 3024.29 17.34 2.50
1989 21158.86 | 20869.55 289.31 3313.60 15.66 1.37
1990 25965.14 | 24718.22 1246.92 4560.52 17.56 4.80
1991 31604.70 | 29634.25 1970.45 6530.97 20.66 6.23
1992 38808.95 | 36537.71 2271.24 8802.21 22.68 5.85
1993 43514.00 | 42164.72 1349.28 10151.49 23.33 3.10
1994 49929.08 | 49006.76 922 32 11073.81 22.18 1.85
1995 62518.48 | 61353.07 1165.41 12239.22 19.58 1.86
1996 81226.16 | 78837.36 | 2388.80 14628.02 18.01 294
Growth 20.87 21.03 16.87 20.33 -0.44 -3.31
80-96 21.19 20.91 35.20 23.63 2.02 11.56
89-96 20.78 21.62 3.93 17.50 -2.71 -13.95
91-96 27.55 26.83 60.93 14.93 -9.89 26.18
94-96 29.92 28.50 104,98 19.52 -8.01 57.77
95-96

Source: WAPDA Power System Statistics, March 1997

May-98 2-14
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LOAD FORECAST

Various Load Forecasts

Given the forecast rate of growth in population (about 2.6 percent a year), the forecast yearly
rate of growth in GDP (6.0 percent), the present percentage of population with access to
electricity (46 percent) and the present level of per capita annual electricity consumption (275
kWh), there is continued pressure for; the addition of new consumers to the existing power
system, spatial expansion of the power transmission system; and increase in the specific
consumption of existing consumers. Hence, the continued increase in the demand for
electricity.

WAPDA periodically updates its medium term and jong term electricity demand forecast using
appropriate computer-based analytical procedures. These procedures utilize load surveys, end-
use analysis, regression and extrapolation techniques, and keep in view the effects of
continuing improvements in system loss reduction and demand management programs

Estimates (by ADB for the 12th WAPDA project) were of the likely sales forecast for WAPDA
and KESC using an econometric model which correlates electricity consumnption in different
market categories with vanables such as real past consumption. Based on this analysis, the
estimates for average growth rate for electrical energy generation is to be about 8.8 percent per
year up to the year 2000. WAPDA estimates this overall growth rate to be slightly higher at 9.2
percent per year.

The latest WAPDA effort was during the just concluded National Power Plan (NPP), CIDA
funded, program. The last WAPDA forecast (1995 - for updating of National Power Plan) is
presented as follows:

National Power Plan Base Case Demand Forecast

Financial WAPDA KESC Undiversified Diversified”
Year MW MW MW MW
1995 8753 1518 10272 10070
1996 9597 1590 11187 10968
1997 10501 1666 12167 11928
1998 11454 1764 13200 12942
1999 12486 1828 14314 14033
2000 13592 1919 15511 15207
2001 14788 2034 16822 16492
2002 16100 2156 18256 18256
2003 17557 2285 19842 19453
2004 18991 2422 21414 20994
2005 20514 2568 23082 22630
2006 22131 2722 24853 24365
2007 23847 2885 26732 26208
2008 25669 3058 28728 28164
2009 27569 3242 30811 20207
2010 29577 34386 33013 32365
2011 31820 3642 35462 34767
2012 34201 3861 38062 37315
2013 36728 4093 40821 40020
2014 39338 4338 43676 42820
2015 42085 4508 46684 45778
2016 45008 4874 49882 48904
2017 48085 5167 53252 52207
2018 51336 5477 56812 55699

Growth Average

pa.
95-2005 8.89 540 8.43 843
95-2018 7.99 574 7.72 7.72

Source: NPP, March 1996.

&

The peak demands of WAPDA system and KESC system do no coincide. A diversity factor of 1.02 is appied to derive the demand

at the national jeve!

51502
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2.4.2

Pakistan-German Technical Co-oparation (SHYDO-GTZ)

The WAPDA forecast uses the Energy Wing forecast (prepared for the long term perspective
plan, FY 1988 to FY 2013, as the reference forecast). The energy wing forecast was developed
on a countrywide forecasting model called "Respak”. This was an end-use model which predicts
total energy requirements based on sectoral economic growth, but incorporates adjustment
factors for technological change, increased energy efficiency and substitution between fuel

types.

The WAPDA-NPP approach has been to develop the load forecast based on historical
relationships and to separately estimate the impact of Demand Side Management on energy
and demand. The final forecast is then derived deducting the DSM impacts on forecasted
energy and demand. The above forecast even without DSM impacts is lower than the initial
load forecast based on the energy wing model. This is because of methodology and economic
data utilized in the forecast. The NPP forecast is presented as follows:-

The Lybrand and Coopers Tariff study also prepared a forecast, which was based on the Metro-
economica energy model (UNDP WASP run 1988). This was a impact input-output model. The
above referred study developed the forecast (with new parameters) using the model.
Comparative Discussion of Forecasts

The comparison of the four forecasts is as follows:

Maximum Demand - WAPDA & KESC MW

Financial NPP
Year Energy Wing NPP* with DSM’ L&c’
1995 9640 10070 9153 9740
2005 22214 22630 17903 18880
2010 33133 32365 24903 26340

Source: Dernived

There was no attempt made to prepare a ioad forecast for the purposes of this report. However
elementary modelling done on WAPDA data (data presented in Volume 3 of 23 - Statistical
Appendix - Report No.NPP-10 - November 1993) did result in significantly lower forecast for
industnal sales. it would seem that the WAPDA forecast is a higher bound one. This is
understandable since WAPDA's funding is a function of forecasted demand. The forecast is
higher bound one due to the fact that the past data is distorted.’

The other explanation for this deviation could be the methodology used by WAPDA. The
WAPDA forecast is such that:

« a short term energy forecast to FY 2000 is based on the power market survey model, a
trend analysis.

* a long term forecast (FY 2000 to FY 2018) based on a regression analysis of past
consumption trends and relationships, without removing distortions in historical data.

The NPP forecast also does not consider the impact on electricity sales of real price changes.
The impact of the forecast on the capacity addition exercise has been lessened by use of
Demand Side Management (DSM) impacts to project iower peak demand.

© o v &

Latest foracast, March 1935 developed to update the National Power Plan (currently under work).

DSM: Demand Side Management, November 1983 version

LAC: Lybrand & Cooper - Tariff Study

PDA and KESC historical data is "distorted’ in the sence that : domestic consumpltion includes rural consumption. Weight of rural

domestic consumption in total domestic consumption is changing. historical rate of change in weight of rural consumption wil not be
dupiicated in the futura; industrial consumption is based on higher energy intensity due to ineficient use of energy and to larger
weight of energy intensive industnas, trends which are not kkely to persist, industrial consumpton and GDP relationship is also
fawed since a significant porton of new industnal demand is actually fuel substitubon due to gnd expansion which does not
contribute lo increase in GDP, industrial consumption based on historical relationship tends to be on the higher side

S5-15-02
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NPP Forecast - DSM Impacts

WAPDA & KESC DSM Impacts After DSM Impacts
Peak Sales Generation Peak Peak Load
Year Sales Generalion | Demand Load Impacts Impacts Demand Sales Generation | Demand Factor
GWh GWh MW Factor (%) GWh GWh Mw GwWh GWh Mw (%)
1991 32,175 40,914 7,118 65.6 0 0 0 32,175 40,914 7.118 656
1992 35,976 46,159 7,694 68.5 0 0 0 35,976 46,159 7,694 68.5
1993 38,413 48,029 8,063 68.0 0 0 0 38,413 48,029 8,063 68.0
1994 41,994 51,984 8,727 68.0 459 568 138 41,536 51,416 8,589 68.3
1995 45,788 56,165 9,429 68.0 917 1125 276 44,871 55,040 9,153 68.6
1996 49,638 60,430 10,235 67.4 1,376 1.675 414 48,871 58,755 9,821 68.3
1997 53,784 65,086 11,123 68.8 1,834 2.220 552 51,950 62,866 10,571 67.9
1998 58,058 69,789 12,034 66.2 2,293 2.756 690 55,765 67,033 11,344 67.5
1999 62,297 74,742 13,006 65.6 2,751 3.301 828 59,545 71,441 12,178 67.0
2000 66,733 79,928 14,037 65.0 3,210 3.845 966 63,523 76,083 13,071 €64
2001 72,390 86,671 15,221 65.0 3,980 4.765 1.340 68,410 81,906 13,882 67.4
2002 78,449 93,918 16,494 65.0 4,750 5687 1.714 73,699 88,231 14,781 68.1
2003 84,940 101,681 17,858 65.0 5,520 6.608 2.088 79,420 95,073 15,770 68.8
2004 91,590 109,632 19,254 65.0 6,290 7.530 2.461 85,299 102,102 16,793 69.4
2005 98,656 118,081 20,738 €5.0 7,061 8.451 2.835 91,595 109,630 17,903 69.9
2006 106,165 127,059 22,314 85.0 7,831 9,372 3,209 98,334 117,687 19,105 70.3
2007 114,143 138,597 23,990 65.0 8,601 10.293 3.583 105,542 126,305 20,407 70.7
2008 122,620 146,733 25,770 65.0 9,371 11.214 3.957 113,249 135,519 21,813 70.9
2009 131,500 157,349 27,634 65.0 10,141 12,134 431 121,359 145,214 23,304 711
2010 140,897 168,582 29,607 65.0 10,911 13.055 4,704 129,086 155,527 24,903 71.3
2011 150,839 180,467 31,694 65.0 11,681 13.976 5.078 139,158 166,491 26,616 71.4
2012 161,358 193,041 33,903 65.0 12.451 14.896 5.452 148,907 178,145 28,451 715
2013 172,487 206,345 36,239 65.0 13.221 15.817 6.200 159,266 190,528 30,413 715
2014 183,098 220,103 38,655 65.0 13.992 16.737 6.200 170,007 203,366 32,456 715
2015 196,125 234,597 41,201 65.0 14.762 17.657 6.573 181,363 216,940 34,827 71.5
2016 208,899 249,865 43,882 65.0 15.532 18.578 6.947 193,367 231,287 36,935 71.5
2017 222,355 265,948 46,707 85.0 16.302 19.408 7.324 206,053 246,450 39,385 715
2018 236,528 282,888 49 682 65.0 17.072 20.418 7.695 219,456 262 470 41,987 71.4
Avg.
Gm\?nh 7.22% 7.44% 7.20% 6.91% 6.74%
1992-2018

Source: WAPDA - NPP-18, Draft Report. November 1993
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2.6

2.6.1

2,6.2

2.6.3
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Pakistan-German Technical Co-operation (SHYDO-GTZ)

Industrial Consumption

The forecast of industrial consumption seems to be overstated. This is possibly the resent of
using past data where for a number of reasons, energy intensity increased over time. This trend
is not likely 1o continu as the economy matures or tends towards matunty.

System Load Factor

The system load factor has historically (1968-92) varied between 55% and 65%. The WAPDA
System forecast shows the annual system joad factor to vary from 68% in 1893 to 65% in 2000
and is shown as constant at 65% from 2000 to 2018. It would seem that WAPDA is over
estimating the system load factor.

The conciusion that WAPDA is over estimating system annual load factor has two implications:
firstly the demand at system level is underestimated; and secondly the requirement for peak
capacity and energy is underestimated. The implication is of significance to High Head Hydel
Power Plants which target to supply peak capacity and energy.

POWER DEMAND SEEN FROM PROJECT PERSPECTIVE

Chapter 10 presents the existing and proposed transmission systerm as related to the proposed
hydro power plant.

POWER DEVELOPMENT PLAN

Introduction

WAPDA carries out centralized power generation and transmission planning while power
distribution planning has been gradually decentralized over the past five years. Generation
planning is carried out on a national basis, taking the needs of both WAPDA and KESC into
consideration, and is based on the well-established WASP Il computer model. WAPDA's
generation expansion plan is essentially based on the least-cost generation expansion Strategy
indicated by these studies. WAPDA has also carried out exiensive power transmission planning
studies using conventional power system analysis computer model to optimally expand
WAPDA's primary power transmission (at 500 kV and 220 kV) and also its secondary power
transmission (at 132 kV and 66 kV). CIDA funded (approximately $11 million) long term
planning study of the power system has recently been conciuded. The output included a
detailed long term plan. Currentiy the study, is being updated. WAPDA's Area Electricity
Boards (AEBs) are responsible for all aspects of power distribution planning at the area board
level. These AEBs carry ouf distribution planning using mainly the minicomputer-based
CADPAD model for medium voitage work and simpler PC-based models for low voltage work.

Generation Plan

WAPDA's power generation expansion strategy is based on the exploitation of base load,
intermediate range and peaking thermal plants using natural gas (to the extent it is availabie),
oil, lignite and coal as fuel and utilization of hydropower resources as far as allowed within
present situation. WAPDA's least cost generation development plan for the period FY19984 to
FY1999 to meet forecast loads will bring in a totai of about 7,981 MW of additional generating
capacity consisting of about 284 MW of hydro power plant and about 7697 MW of thermal
power plant. About 5,586 MW (73 percent) of this additional thermal power plant is planned for
construction and operation by the private sector on a BOT basis.

Transmission and Distribution Plan

WAPDA's major hydro resources are located in the north of the country while thermal facilities
and load centers are concentrated in the center and the south. WAPDA has therefore been

May-98 218
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developing a carefully planned 500 kV power transmission network to efficiently connect the
major generating plants to the main foad centers.

Further 500 kV transmission lines from Tarbela to Lahore, Lahore to Jamshoro, Guddu to
Multan, Multan to Lahore and Jamshoro and Tarbeta to Peshawar to the proposed Hab River
Thermal Power Project are under implementation mainly with World Bank financing assistance.
Complementary investments at the lower transmission voltages of 220 kV and 132 kV have
also been carefully ptanned and implementation is in progress mainly with financing assistance
form the World Bank and the ADB.

Investments in power distribution have, in the past, tended to lag behind those for power
generation and transmission and resulted in poor quality power supply and high distribution
system losses. Since the mid 1980's much greater emphasis has been placed on power
distribution investment and reinforcement and on the need for employing modem distribution
planning methods. As a result, computer aided distribution planning was introduced in FY1986
together with an accelerated and decentralized program to expand and reinforce WAPDA's
power distribution networks through its with Area Electricity Boards (AEBSs).

This program has been in progress over the last many years with financing assistance from
USAID and the ADB. Reduction of power distribution losses from 17 percent of net generation
in FY1984 to 13 percent in FY1994 indicate the effectiveness of the measures that have been
taken to improve the distribution system. Distribution losses have registered an increase in the
last two years. This has been attributed to higher non-technical losses.

Generation Expansion Planning

WAPDA performs generation expansion planning using WASP |l model. The WASP runs are
periodically updated, especially before taking expansion decesions and formulating long term
expansion plans. The recently concluded CIDA funded National Power Plan Project
considerably enhanced WAPDA's technical and infrastructural capability to camry out these
generation expansion plans.

Daral Khwar Project and Long Term Optimization Program

The ongoing restructuring and privatization of the power sector has had adverse effect on long
term system expansion planning. The privatization concept requires project appraisal and
planning to be performed by investors, who will undertaken the techrniology and demand risks.
The March 1994 policy directive and subsequent policy statements are deficient in so far as not
to insist upon economic feasibility. The sponsrers is not explicitly required to demonstrate
economic feasibility. In any case long term optimization of the power system needs continued
public sector attention. Otherwise crucial decisions: on fuel imports; infrastructure for energy;
generation mix, would be taken by investors from their own perspective. This is a policy failure,
which needs to be corrected.

Role of High Head Hydropower in National Power Mix

Hydropower in general and High Head Hydel Plants in particular are ideally suited to serve
peak demand. Owing to rapid start up and flexibility for changing power output quickly, (in rapid
response to changes in demand), the high head plants are particularly suitable for load
following service and hence for serving the daily peak demand. The high head plants are also
suitable for providing spinning reserves for emergencies. In a mixed hydel thermal system the
most economic utilization of hydropower will be obtained for smaller ratio of energy versus
capacity or for short durations during high demand periods.

The most economic method of meeting demand in a thermal hydel solution would be to
supplement base load by intermediate class thermals and peaking by hydel facilities. The
existing power mix, in Pakistan, is a thermal hydel mix. the least cost solution to meet future
demand is discussed in section 2.8.4. The expansion plan can be summarized as follows:-

May-08 2419



ey

g am =

i

g

il |

=

vy

i T e T e I e T

11/09/98 10:05 - C:\PGTCP\Daral-Khwar\55-15-02.00C - 26

Feasibitity Study — Daral Khwar Hydropower Project

2.7

2.8

651502

Palustan-German Technical Co-operation (SHYDO-GTZ)

Capacity added upto year 2018

* Combustion Turbines 6800 MW
o Private Sector 1293 MW
. Combined Cycle 8190 MW
* Steam (LSFO) 19800

The ieast cost solution developed by HEPO/SHYDO/GTZ was developed to indicate the impact
of considering the high head hydel schemes identified in notthem NWFP and AJK as
candidates. This resulted in a slight lowering of the NPV and the thermal part of the energy mix
changed as follows:

Year 2018
Base Case ;Modified Case Diff.
* Combustion Turbines 6800 2500 -4300
ol Private Sector 12912 1292 0
* Combined Cycle 8190 8190 0
- Steam (LSFO) 19800 19800 0

The least cost solution therefore in itself, high lights the role of high head hydel plants. The role
is:-

¢ Avoided gas fired gas turbine capacity (peaking turbines).
+ Avoided fuel and operation cost of thermal power plants.

The least cost solution which considered high head hydels as candidates resulted in 4300 MW
less combustion turbine capacity. The high head hydel therefore resulted in:-

TO PROVIDE PEAK CAPACITY
TO MEET DAILY SYSTEM PEAKS

Besides contributing towards capacity availability at peak demand periods the high head hydels
aiso contribute off-peak energy during the hydrology wet periods of the year and result in
avoided fuel and operational cost of thermal power plants (there is a cost associated with this in
the way of lower plant factors of thermal plants. This can partially be offset by means of adding
intermediate class thermal plants instead of base load thermal facilities).

RURAL EXPANSION PLANS AND DEMAND

The Daral Khwar project is located in regions with significant unserved rural demand. The
SHYDO/GTZ programme extensively studied the rural demand of northem mountainous
NWTFP. The proposed rural electrification plan, for the two regions which are of refevance to the
proposed hydropower plant, is as follows:

Region 4 - Swat Valiey

« construction of Batal Khwar hydel project near Utror in Upper Swat Valley. Constructed up
graded and interconnected tc WAPDA system at Madyan to transfer surplus (from rural
demand) power to WAPDA. 8100 kW

« construction of 33 kV transmission sysiem for Upper Swat including interconnection to
National Grid at Madyan grid station.

o Status : Feasibility Study available.

RECENT POLICY DEVELOPMENTS

Pakistan's domestic enemgy resources are characterized by sizeable reserves of natural gas,
substantial hydropower potential, and modest recoverable reserves of crude oil and coal. The
country also has a iarge base of traditional fuels such as fuel-wood and agricultural and animal
wastes that mainly meet the energy needs of rural consumers. However, the exploitation of

May-96 2-20
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these energy resources has been slow, because of funding constraints and inadequate
implementation capability.

As a result, Pakistan's dependence on energy imports remains high. Development of the
energy sector is crucial to support continued growth of Pakistan's economy. Recognizing this,
the Prime Minister of the present Govemment, immediately upon taking office in October 1993,
set up a high-level Task Force on the Energy Sector to draw up an outline for a new energy
policy and to formulate strategies for eliminating load shedding, promoting private sector
investment, and enhancing indigenous production of gas and oil. The Task Force published its
report in March 1994 and implementation of some of the recommendations is already
underway.

A key thrust of the new energy policy is to increase private participation in the energy sector by
introducing an attractive package of incentives. The energy policy also aims to achieve the
following over the Eighth Five-Year Plan (FY1994-FY1998):

» Accelerate the development of domestic energy resources such as large and small hydro
sites, oil, gas and coal as part of the least-cost energy investment program;

« Reduce the fosses in the production and transport of energy through the rehabilitation and
retrofitting of power system facilities, refineries, and energy intensive industnes;

s Restrain the growth in energy demand through demand side measures and investments to
improve energy efficiency and conservation;

e Strengthen the operations and management of sector institutions including building-up their
environmental managerial capability; and

» Accelerate the process of restructusing and privatizing the energy sector to make it more
competitive and efficient.

The petroleumn policy announced in February 1984 includes: procedures of competitive bidding
for allocation of concessions; establishment of a regulatory board; incentives to local
companies; freedom to producers to sea gas; autonomy to OGDC. Oil panty to Arabian/Gulf
mode, discount's have been with drawn. LPG parity to FOB price of LPG.

Private Sector Power Generation

In April 1994, the Govemment announced a comprehensive policy framework and package of
incentives to encourage private sector participation in power generation. The main incentives
include;

* An attractive bulk tariff of 6.5 US cents per kWh for ten years for sale of electricity to
WAPDA/KESC, with a provision for indexation of ceriain tariff components based on
exchange rate, fuel price variations and inflation;

= A comprehensive security package covering power purchase, fuel supply, project
implementation, protection against specific force majeure risk and changes in taxes and
duties, and assured conversion to, and remittance in, foreign currencies;

» Fiscal incentives including exemption from corporate income tax, equipment import duties
and income tax for foreign lenders, access to Foreign Exchange Risk Insurance (FERI)
provided by the State Bank of Pakistan, and repatriation of equity;

« Financing arrangements including a provision of up to 40 percent of the capital cost of the
project from the Private Sector Energy Development Fund (PSEDF); permission to issue
corporate bonds/shares at discounted prices with underwriting allowed by foreign banks, and
acceptance of a 80:20 debt-to-equity ratio; and,

» A one-window operation to be facilitated by a newly constituted Private Power Board, which
will be responsible for coordinating with the Govermment agencies concemed, monitoring

May-08 2-21
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the performance of private sector power projects in accordance with the agreements, and
safeguarding the interests of the consumers.

The Govemment envisages that these measures will lead to the installation of 2,700 MW of
generating capacity by the private sector over the next four years, including the first private
power project of 1,282 MW being set up by the Hub Power Project Company.

The Policy received a mainly thermal response and ant separate policy to attract the private
sector to invest in small and medium hydel power station is currently under discussion.
Privatization of Kot Addu combined cycle power plan (part of the utility privatization plan) has
how been settled and a UK based firm has acquired the facility. The private power cell has
been reorganized and renamed as Private Power and Infrastructure Board (PPIB).

Private Sector Participation

The initial decision to induct the private sector to the power sector was taken in 1985. Various
policy and institutional steps to achieve this objective did not receive a very encouraging
recourse. Apart from the Hub River Project there was not much progress on other projects. The
March 1994 policy statement caught the attention of the private sector and a large number of
requests for participation in the power generation sector were received. These offers were
mainly for thermal power stations. Power Purchase Agreements for various projects have been
signed. A few have obtained financial closure.

The response of the private sector to the March 1994 initiative has been very encouraging.
However attention needs to be paid to the following:

¢ The response is mainly thermal. Insignificant hydel capacity has been offered. The policy
does not differentiate between hydel or thermal, however the contents of the policy are
clearly thermal inspired. Special initiatives needs to be taken to utilize the considerable
medium output high head hydel potential identified in the NWFP and AJ & K.

= The policy does not require the sponsors to demonstrate economic feasibility. The long
range optimization activities being camed out by WAPDA have also been suspended, this
seems {0 be a regression and policy correction is indicated.

e Pricing of bulk power is clearly thermal based. Tariff to provide correct signals to hydel
power generation investors need to be elaborated.

¢ Management, supervision and funding of feasibility studies for medium output, high head
hydels need to be formalized and institutionalized.

s The GOP is presently carrying out detailed analysis of issues involved in providing adequate
incentives to the private sector for involvement in the hydel sector. A separate hydel policy
is expected to be announced in the very near future,

CURRENT PRICE SITUATION

Tariff

The WAPDA Act requires that WAPDA's tariffs recover all its operating costs (including
depreciation and taxes and duties), service its debt and eam a reasonable retum on its
investment. WAPDA has covenanted with the ADB and the World Bank that its tariffs will be
maintained at levels adequate to achieve 40 percent self-financing. WAPDA has generally
achieved both these objectives. WAPDA's tariff at present consists of a base tariff (which does
not include any element for fuel cost) and a fuel adjustment surcharge (FAS) which seeks to
recover fuel expense. WAPDA's average tariff per kWh including FAS increased by about 330
percent from Rs. 0.48 in FY1980 to Rs. 2.08 in FY 1996 at a compound rate of 8.6 percent per
year.

May.08 2-22
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WAPDA's current tanff basically adopts increasing block tariffs for domestic and commercial
consumer and a flat rate energy charge plus a capacity charge based on connected load for
others. The tariff also includes provisions for penalties for poor power factor and late payment
of bills. Private tubewells have an optionai monthly flat rate tariff based on the horsepower
rating of the pumpset. The fuel adjustment surchamge (FAS), which is also usually revised
annually along with the based tariff, is estimated at the beginning of each financial year by
dividing the projected fuel expenses for the coming financial year by the projected electricity
sales (kWh) to all consumers during that financial year. Domestic consumers whose electricity
consumption is between 150 and 300 kWh per month pay only 20 percent of the FAS and
domestic consumers consuming up to 150 kWh per month pay only 10 percent of the FAS.

WAPDA's average tariff, which is about 90 percent of the long run marginal cost of supply,
enables WAPDA to meet its financial covenants with the Bank. The Govemment has agreed to
gradually increase the FAS percentage on domestic consumption between 150 and 300 kWh
per month. In Addition, as a significant tanff initiated load management measure, the
Govemment has introduced a time-of use tafiff for WAPDA's industrial consumers with
maximum demand in excess of 40 kW and for WAPDA's buik supply consumers whose
industrial consumption exceeds 70 percent of total consumption. This time-of-use tariff is based
on the findings of the integrated Operations and Tariff Study for WAPDA and KESC.

Electricity Tariff Structure

The tariff structure in Pakistan is characterized by differential tariffs applied to different
categories of consumers and to different levels of consumption/voltage supply. The tariff has
two components: a base tanff, comprising a capacity charge and an energy charge; and a fuel
adjustment charge (FAC), which is calculated on the basis of the average fuel cost incurred in
the twelve-month period ending two months prior to the months of billing. an additional
surcharge added to the base tafiff and the FAC to compute the total electncity charges payable
by each consumer.

Present Tariff

The Latest (01-02-1997) WAPDA tariff is presented at the end of this chappter.

Cross Subsidization

WAPDA's current average tarnff is close to the average LRMC of supply, although there is
substantial cross-subsidization of certain consumer categories; especially domestic
consumption below 300 kWh per month and flat rate agricultural (tubewell) consumption. The
above table presents an estimate of the cross-subsidization. The GOP in various agreements
with the ADB (Asian Development Bank) and the World Bank is committed to gradually ease
out this subsidy. Since November 1990 Fuel Adjustment Charges (FAS) has gradually been
introduced to the low consumption domestic consumers. The GOP is also gradually increasing
the tubewell tariff.

In economic and financial terms the retum on supply to different customer category classes in
rural areas is summarized as follow:-

RURAL ELECTRIFICATION CUSTOMER ANALYSIS {Rs.JxWh - Returmn) 1894-85 Price Level
Financial Analysis Economic Analysis
Utility Customer Society
Base High Base High Base High
irrigation Tubewel! -1.77 -0.42 384 4.06 -2.36 0.51
Domestic -2.44 -1.99 1.75 1.99 -1.26 -0.70
Rural industry -0.05 0.68 0.06 0.25 -0.58 0.50

utit. = Utdlization
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The above analysis indicates that rural electrification results in financial transfers to the
customers; financial deficits for the utilty; and in economic terms only rural industry and
commercial supply is feasible. In financial terms the rural industrial and commercial customers
subsidize the tubewell and domestic cusiomers as far as the utility is concemed. All customers
in financial terms register a surplus i.e. all rural customers pay below cost of supply.

-

——

The subsidized rural electricity will continue in the medium term at least. The GOP is seriously
considening restructuring of the power sector, especially privatization of some of the WAPDA
activities. The WAPDA privatization plan prepared by a group of consultants (financed by US
AID) has recommended the following: -

ooy

» Creation of cost centers.

« Privatization of Area Electricity Boards (AEB).

« Initially Faisalabad AEB is to be privatized.

Privatization of Jamshoro and Kot Addu Power Stations.

« Establishment of a regulatory body.

[

GOP has in principle accepted the WAPDA privatization plan but due to various reasons has
not been implemented so far. GOP has recently decided to restrict WAPDA to add hydel
capacity only. All new thermal additions are to be in the private sector. A private sector
generation policy has recently been announced by the GOP, this includes a generous bulk rate
of 6.5 US cents/kWh and other significant financial and other incentives.

The relevant (to this present appraisal) aspect of the power sector privatizatlion policy of GOP
is that even under the private sector control of distribution and generation of electricity, rural
subsidies are proposed to be maintained. The privatization proposal contains specific
provisions towards special tariffs for rural areas to be funded by the GOP.

The point of relevance here is that industrial consumes are billed much above the economic
cost of supply. One cardinal rule of tariff fixation is to never set a tariff which will exceed cost of
self generation to a customer. The industrial costumers are finding it increasing feasible
(financial) to invest in self generation. The new private sector policy frame work will result in
higher tariffs. To pay for the higher bulk supply (generation) tariff WAPDA will require the
average WAPDA tariff to be increased, if this increase does nol address the inherent
imbalance in the tariff structure, it will result in increase in industnal tariffs. A large portion of
the industnial demand could be lost to self generation.
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SUMMARY OF WAPDA'S CURRENT TARIFFS
(01-02-1997)

Capacity Energy Total % of
Charge Charge FAS [Addl. Sur.| Tariff LRMC LRMC
Consumer Rs/kW/Month | Ps./kWh | Ps./kWh | Ps./kWh | Ps./kWh | Ps./kWh %
A1 domestic
50 kWh 54 7 28 89 357 25
51-180 kWh 68 7 46 121 334 36
151-300 kWh 77 15 80 172 322 53
301-1000 kWh 110 75 143 3zs 322 102
1001-2000 kwh 147 75 192 414 322 128
2001-3000 kwh 147 75 208 430 322 133
3001-4000 kWh 147 75 223 445 322 138
Above 4000 kWh 147 75 237 459 322 142
Minimum/month 10
Flat Rate FATA 70
A2 commercial
First 100 kWh 217 75 188 480 322 149
Over 100 kWh 241 75 201 517 240 216
industrial
b1 upto 20 kW 119 75 135 329 240 137
b1 20 kW-70 kW 151 60 75 151 287 190 151
b2 41-500 kw 145 67 75 114 256 173 148
b3 upto 3000 KW 140 62 75 110 247 170 146
b4
Bilk
c1-400v 82 75 123 280 334 84
licences 110 68 75 130 273 261 105
c2-11 kv 69 75 115 259 240 108
licences 108 65 75 130 270 240 113
c3-66kV/132kV 107 63 75 135 273 183 150
Tubewells
d 85 75 123 283 249 114
d1-agri
Punjab 41 49 75 131 255 249 102
NWFP 36 34 75 114 223 249 90
Flat Punjab 147 147
Flat NWFP 122 122
g-public lighting 203 75 143 421 316 133
h-Residential Colonies
h-with trafo 104 75 136 315 248 127
~without trafo 105 75 136 316 249 127
I-Railway Traction 61 75 112 248 207 120

1 Time of day tariff for B3 and B4 customers is also available. A tariff for co-generation is also avaitable.
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GENERAL

The project area of Darat Khwar Hydropower Project is located in District SWAT in NW.F.P
(North-West Fronatier Province). The scheme was identified within the planning region Swat
Valley (portion of Distsict draining into Swat River). The river is a right tributary of the Swat
River.

The highest peak elevations in the northem part are between 5944 to 5041m a.s.l. Some very
good maps in scale of 1:50,000 with contour lines are available. Some maps have contour lines
intervals in meters while other in feet. These maps were previously used for identification of
Hydropower Potential in the Regions of NW.F.P.

Reference: Report on Surveying & Mapping, Mott Macdonald, December 1993

A pre-requisite to the geo-technical investigations and design works was the detailed survey of
the proposed sites for the Weir and Intake Conduit system and Powerhouse areas.

The scope of work was formulated by SHYDO/GTZ in eady 1993 and Mott Macdonald Pakistan
based in Lahore, were contracted to execute the work.

CONTROL SURVEY

For the Main Traverse, a geodetic basic triangutation network was established between 2 points
fixed at the outlet (Powerhouse) area and 2 at Intake Area. This was done by conventional
survey traverse using a one second electronic total station theodolite (SOKKIA SET 2B).

Three sets of reflecting targets were used (each 3 prism) and the data recorded using a
SOKKIA SDR33 data logger. The overall length of the traverse was 12 km and 57 stations were
set up and cross checked.

The option to use Global Positioning System (GPS) was considered, using the satellite
Navigation System NAVSTAT which gives a very high degree of accuracy for relative fixings of
reference points. This was allowed for in the ToR, but the survey firn showed that doing it
manually was quite feasible and could be done for less than half the price. In the event they did
have problems completing the traverse due to trees and steep slopes which made one leg of
the traverse extremely difficult. Access for the survey team, too, was a prablem, the areas
generally only reachable on foot.

Data was processed to eliminate out-of-tolerance sets; cross bracing gave additionat sets of
redundancies when calculating station co-ordinates, using least square methods.

Minor traverses were carried out at both the Inlet and Outlet areas in order to provide a spread
of co-ordinated points for the topographic survey work. There were eventually 8 and 27 stations
at the inlet and outlet respectively.

TOPOGRAPHIC MAPPING

Topographic mapping required for the project comprised work both in the office and, more
extensively, field surveys over the whole site area.

* Medium Scale Mapping - 1:10.000

In order to produce an overall map of the site at a scale that would be large enough to
identify major features, a portion of the Survey of Pakistan 1:50,000 Topographic Map Sheet
No. 43 B/13 was digitised and plotted to a scale of 1:10,000.

The scope of work encompassed approximately 50 km’ of the site. The 50 m contours were
digitised directlty from the map whilst the required 10 m contours were interpolated and
added manually. The map was presented on a sheet of DIN AO size.

The areas that have been surveyed in detait on the ground i.e. Powerhouse, Weir and Intake
area have been partly superimposed onto the map.

May-98 3-2
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s Detailed Mapping

Although the scope of work defines a number of sites for detailed mapping and varnous
activities that should take place within these areas, the whole task was simplified by splitting
the site into two main areas as follows:

1. Weir, Gravel/Sandtraps and Tunnel portal
2. Surge Tank, Penstock and Powerhouse.

Finally, there was a requirement to carry out a bathymetnc survey of the Swat River covenng
an area extending 200 m up- and down- stream of the line of the penstock axis.

+ Basic Methods Employed

The same equipment was used as for the main traverse, except that the targets were single
prism and the pogo stick was extended to 4 m, because of the undulating terrain and dense
vegetation, etc.

The iniet area comprising the Weir, Sandtrap and Tunnel Portal, required an area 500 m
long to be surveyed, centred about the weir axis, (just upstream of the wooden bridge close
to Ann village), and extending up the banks to 30 m above water level. Some 4000 points
were fed into the data base and eventually plotted on maps using digital mapping
techniques.

The surge tank area, at El 1770, required topographic detailing in a 100 m diameter circle.
The terrain is a steep scree slope with dense stunted oak thickets commonly up to 3 m in
height.

Penstock area is some 900 m long, and the survey extended to 50 m either side of it. The
upper half is difficult terrain similar to that described for the surge shaft, whereas the lower
half comprises gentler slopes and terraced fields.

The Powerhouse area includes the iand from Madyan Road to the Swat River, and 30 m up-
and down- stream of the penstock centreline.

The Tailrace area extends 250 m up- and down- stream of the penstock centre line, and
from the river bank to a line 30 m above it.

In all, the outlet area comprising Surge tank, Penstock, Powerhouse and Tailrace extends
some 130.000 m? and 9000 survey points.

e Access Road Mapping

The road to the inlet follows the left bank of the Daral Khwar; a strip 30 m wide was surveyed
from Bahrain upstream.

For the access road to the surge tank area, the existing timber trail to Kulban was followed
and extended from a bend to the proposed structure location.

Maximum gradient for both roads was specified as 5 %, giving a combined length of some 6
km. This proved too long in practise, and the road could not be fitted. Steeper slopes were
thus allowed, with gradients up to 10 % included in certain small stretches and at the hairpin
bends.

All data was plotted on maps using digital mapping techniques. Pillar survey points were set
up, diameter 20 cm standing 1.20 m above ground together with control points which
comprise a steel pin in a 30 cm cube of concrete, top surface flush with the ground.

The co-ordinate system used is the Universal Transverse Mercator Projection. A local co-
ordinate system was set up with the origin at point A, adjacent to the proposed Powerhouse.
The elevation of the ongin was measured approximately using sophisticated aftimeters and
given the value 1440.00 m asl.

55-15-03 May-88 3-3
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Accuracy for the main fraverse:

Distances were measured to an accuracy of 10 mm + 2 mm/km; angles to 1.5 milligrad and
heights + 8 mm/km - obtained by using precise doubie levelling with automatic levelling
instrument (micrometer paraliel plate).

Incidentaily, with NAVSTAT, the accuracy is generally + 10 mm + 1 mm/km in plan and + 15
mm for elevations. Accuracy for the topographic survey was + 5 cm for terrain points and + 1
cm for buildings etc.

Maps produced
AreaScale Contour No of
intervals Drawings
Inlet area contour maps 1:500 S5m 2
-do- 1:100 1m 8
Surge structure contour maps 1:200 1m 1
Penstock area contours maps 1:500 S5m 4
-do- 1:200 1m 6
Powerhouse area 1:100 1im 6
Tailrace area 1:500 S5m 2
General Layout contour maps 1:5000 10m 2
-do - 1.7500 10m 1
-do- 1:10000 10m 1
Access road to surge structure contour maps 1:1200 2.5m 1
Access road to Intake area contour maps 1:2000 25m 2
Location of plan sections on River Swat 1:1000 - 1
X-Section of River Swat 1:500 - 2
Long Section of River Swat 1:500 - 1
Long Section of access road to surge structure 1:500 - 3
Long Section of access road to intake area 1:500 - 5
Total 48 drawings

Mapping for the headrace tunnel was done using the GT-map 1:50,000 courtesy Survey of
Pakistan (SoP)

Swat River Profiles

The profiles of the Swat River were observed using triangulation technigques with 2
theodolites for position together with the echo-sounder for depth.

The Continuous Kinematic technique requires two theodolites to be placed, one on a known
position called the Reference, and one moving around called the Rover. During the survey
the Reference theodolite was either placed on S-37 or S-42 because of their proximity to the
nver, and the Rover placed in the boatl. A manual fix feature on the roving receiver enabled
positions to be logged at the same time as fixes on the Echo-Sounder, thus correiating the
position to the depth.

In addition to the depth sounding work, the total station was set up on known stations so that
the water level on either side of each cross-section could be observed. The resultant water
elevation was subsequently used to derive river bed elevations from the depth readings.
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During the survey a close check was kept on the height of the water to ensure there was no
significant change that would affect the results.

Additional Survey

An additional survey was undertaken in 1996 in the area sumrounding the surge tank
structure, covering an area of some 185.000 m®. The work was done by the SHYDO staff
and the results in the form of maps, both on data file (DXF - Format) and on paper, are
available in GTZ/SHYDO office, Peshawar.

More survey was necessary in 1997, this time on the downstream side of the penstock -
since the axis has had to be changed, and some work was required for finalising the
alignment of the access road to the Powerhouse. Topography work started on site in the
middle of May, but results are not yet available. However, for finalisation of the Feasibility
Study, the resuits of this survey could be used. The survey covers appr. 40,000 m? and the
field work was done by SHYDO staff.
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HYDROLOGY

Reference: Appendix 4
Hydrological Report, December 1996.

OBJECTIVES

The amount of water available for power generation, in any river, depends naturally on the
amount of water flowing down it. This fundamental fact relies on the meterological data of the
area combined with a statistical appraisal to allow long term predictions.

The hydrology of the area depends primarily on the climate; also the topography because of its
effect on precipitation and whether run-off will be fast or slow; and geology because, not only
does it influence topography, but the underlying rock determines rate of infiltration. Climate
depends on the geographica! position on the earth’'s surface, climatic factors are precipitation -
and its mode of occurrence, humidity, temperature and wind, ali of which in tum directly affect
evaporation and transpiration.

These factors are addressed in the Hydrological Report, and during the course of its
preparation, all existing hydrological and meteorological data as well as information on
evaporation, bed and suspension loads were reviewed.

Based on the available information, it has been possible to describe
« Climatological conditions

+ [ong-term flow averages

* Peak flows

¢ Amount of sediment load transport

CATCHMENT AREA

The catchment of Daral Khwar is located in the southem slopes between the Hindu Kush and
Himalayan ranges. Daral Khwar is a right trbutary that joins the Swat River at the village of
Bahrain. The catchment area measured to the confluence with the Swat river, extends over an
area of 268 km® with a mean elevation of 3.486 m asl. Maximum elevation within the catchment
is about 4.200 m as! and minimum ejevation at the confluence is about 1.480 m asl. Due mainly
to the geographical position of the catchment there are no perennial glaciers within the
catchment, although satellite imagery shows small snow covered areas as !ate as August.

CLIMATOLOGICAL DATA

There are no climatological stations in the Daral Khwar catchment but four climatological
stations located within adjacent areas have been used to assess the pattem of the
climatologica! parameters in the catchment. There are two at Saidu Sharif and Kalam (operated
by SWHP) and new stations of high altitude at Kalam and Shangla Pass.

Available records indicate that precipitation in the catchment occurs throughout the year with
two peaks, one in Spring and one in Summer.

Precipitation occurs in larger amounts from December to May rather than from June to
November, similarly the maximum daily precipitation recorded at Saidu Sharif and Kalam
exceeds by far the maximum daily precipitation from June fo November.

Climatological records show that precipitation increases with elevation and latitude, Kalam with
1000 mmfyear is higher and more north than Saidu Sharif, where the recorded annual
precipitation is about 800 mm. Estimated mean annual precipitation over the entire catchment of
Daral Khwar is about 1,560 mm, compared with mean annual run-off, which is about 1,357 mm.

May-08 4-2
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Temperature as recorded at the climatological station at Saidu Sharif varies throughout the year
reaching a minimum during December and January and its maximum during June and July.
Recorded mean minimum monthly temperature at Saidu Sharf is 8°C during January, and
recorded mean maximum monthly temperature is aimost 29°C during June.

WATER AVAILABLE TO THE PROJECT

Available hydrological information of the catchment of Daral Khwar, comprises daily flows of the
hydrological station at Bahrain and low flow measurements taken on Daral river just upstream.
The information from the station at Bahrain forms the basis for the studies of the Hydroelectric
project on Daral Khwar. The catchment area measured to the hydrological station is 266 km-
with a mean elevation of 3632 m a.s.i.

The operation of the station started in 1992 and records published by SWHP are available from
19.12.92 - 31.12.95. Field data inciude gauge readings taken 3 times a day at 08:00, 12:00 and
16:00 and regular flow measurements. The station is equipped with automatic equipment
comprising water level recorder and data logger. Water level data is recorded on graphs and
memory cards. Fourteen flow measurements were available for estimation of the rating curve,
processed records gave daily and extreme flows. Inforrnation on water quality and sediment
sampling for 1992 and 1993 is still under process and is not considered here.

After analysis of the available data of the station, it was considered to be sufficient and of good
quality and consequently it allows a reliable estimation of flows {o be made.

The series of flows at the weir site were estimated by ratio of catchment areas between the site
of the weir and the site of the hydrological station Bahrain. The site of the hydrological station is
close enough to guarantee the estimation of flows with confidence. The respective areas are
250 km? at the weir site and 266 km? at the site of the hydroiogical station.

Flow duration curves calculated from the daily flows (1962 - 1995) show the following values for
the weir site.

Time Discharge

% days m°/s
100 365 0.61
a5 346 1.15
a0 328 1.28
70 255 1.94
50 182 4.37

30 110 14.23
10 36 29.61

5 18 36.07

Since the period of record was short, an extension of the records by regression analysis was
performed based on records from Swat at Kalam and Swat at Chakdara (from the year 1962 to
1995).

From such an analysis of the flow paths, good correlation was demonstrated between the
pattem of flows from the long term stations.

May-98 4-3
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The mean monthly distribution of flows (1975 - 1993) was calculated as follow.

Month Discharge (m’/s)
January 1.31
February 1.52
March 3.64
April 10.82
May 23.13
June 33.86
July 27.78
August 14.86
September 571
October 2.96
November 1.95
December 1.55
Annual 10.76

4.5 FLOODS

Basic data for calculation of fioods of Daral Khwar at Bahrain are available from December
1992 to December 1895. Three years of recorded flood data for estimation of major floods was
considered too short, and therefore, a regional approach was used to estimate fioods for the
design of the relief structures.

The regional method for estimation of floods was developed on the basis of the available flood
records of the hydrological stations in the northem areas of Pakistan. Flood records of 26
stations were analysed and classified in three regions.

Due to the geographical position of the catchment and the characteristics of precipitation and
observed floods, the catchment of Daral Khwar was classified to be within the region
moderately affected by Monsoon rains. In this region floods are mainly ofiginated by snowmeit,
but rainfall can contribute to maximum fioods.

Also to estimate maximum fioods at the site of the power house, the Swat river at the
confluence with Daral Khwar was classified within the region moderately affected by Monsoon
rains. In this region maximum floods are originated by snowmelt, but extraordinary events
during the Monsoon can generate maximum floods.

The coefficients of the formulas for estimation of floods obtained dunng this work and the
estimated floods are comparable with the ones obtained in the other parts of the world in
conditions rather differemt to the ones prevailing in the northem areas of Pakistan.
Consequently, the floods calculated with the regional formulas are considered reliable.

55-15-04 May-98 4-4
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The estimation of floods for different periods of retum at Daral Khwar/weir site (A = 250 kmz)
and Swat River/Powerhouse site (A = 2938 kmz) results in following values:

Estimated Floods for different periods of return (m>/s)

Location
5 10 50 100 1000 10000
years | years years years years years
Daral Khwar/weirsite 348 395 522 640 857 1078
Swat River/Powerhouse site 1192 1355 1789 2193 2730 3348

SEDIMENTS

A study of the sediment loads is essential to determine the expected silting of the area
upstream of the weir interference of the river flow and sediment transport.

The sediment moving in streams consists of suspended matter and bedload. The suspended
sediment load is distributed across the whole section of the river whereas the bedload moves
on or near the river bed. Both forms of sediment transport are dependent on the characteristics
of the stream such as slope, turbulence etc. as well as on the characteristics of the catchment
such as geology, topography, vegetation and rainfall intensity.

The amount of sediment transported is mainly a function of the flow regime of the stream.
Information regarding the relationship between flow and sediment transported in conjunction
with the flow duration curve is fundamental to the determination of the annual amount of
sediment load.

Available data on suspended sediments at gauging stations Kalam (from the year 1963 to 1987)
and Chakdara (from the year 1963 to 1986) comprise resuits of samples taken during flow
measurements of the Swat River.

Granulometry of the sediment (distribution of sand, silt and clay particles) is also included for
several selected samples.

For the stations Kalam and Chakdara the annual specific suspended sediment load were
obtained by summing the average daily specific suspended sediment camed, and interpolating
between if no readings were taken on certain days. To estimate the discharge of suspended
sediment on Daral Khwar at the weir site a linear interpolation between elevation and specific
suspended sediment was assumed. Absolute values were obtained as a product of the specific
suspended sediments values and the catchment area. The mean annual suspended sediment
discharge foliowing the method described above was calculated to be some 0.055 10° ton/year
at the weir site.

A sample was taken of the river bed of Daral Khwar, during February ‘96. The granulometric
analysis indicates a grain size distribution closely resembling the fine bed material. The section
of the river 50 m up- and down-stream of the weir was surveyed, and the average river slope
taken over 1 km. Bedload was calculated with the formula of Smart and Jaeggi for different
discharges and a rating curve drawn. Finally daily bed load discharges were calculated from the
rating curve and the series of daily flows estimated at Bahrain.

Mean annual bedload was calculated at 0,17.10° tonne/year at the weir site. No bedload
transfer is apparent during low flows, but is quite evident during floods in spring and summer,
and maximum during the monsoon period in July.

Total sediment as the addition of suspended load and bed [oad was calculated to be 0.225*10°
tonne/year.

For verification of the bedload calculation, measurements will be initiated by SHYDO.

May-98 4-5
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GEOLOGY

Reference: Annex 5.1: Geology, GBK, December 1996.
Annex 5.2. Geophysical Prospecting, IGH, August 1996.
Field Control of Geological Mapping, MAGMA, August 1996.
Engineering Geology (Volume 142), CES, May 1996.

GENERAL

The geotechnical investigations as to the feasibility study for the Hydro-Electric Power Project
Daral Khwar in the District of Swat have been carried out during the period 1994-96. The
project has been identified within the studies for the Region Swat Valley of the Masterplan for
Hydropower Development in Northem Area of N.W.F.P. It is located near the town Bahrain in
the Swat Valley at a distance of 73 km from Mingora.

At the beginning of the investigation works as to feasibility, a second powerhouse altemative
was discussed due to obviously better geological conditions on the left Swat bank. An early
cost comparison, however, resulted in higher costs because of quite an expensive pipe bridge
crossing River Swat. Also for the weir site, altematives have been under consideration.

INVESTIGATION WORKS

The following investigation works, for items a through f as described below, were carried out by
CES:

a. Desk studies as to regional stratigraphy, tectonics, and seismicity, as well as those
conceming hydrogeoiogical and engineering geological relevant problems.

b. Geological field mapping of the project area with emphasis to general stratigraphical and
tectonical questions.

c. Sinking of 1 core drillings with in total 522.40 running metres (refer to Annex 5.13).

d. Carrying out 18 water pressure tests (LUGEON), 10 Nos. out of which were “terminated due
to high water loss™. And executing nine permeability tests (LEFRANC/MAAG) according to
borelogs of CES-Report (no caiculations available).

e. Excavation of 30 test pits for support of the field mapping and for sampling.

f. Execution of 55 laboratory tests (samples taken from cores and test pits), i.e. 18 grain size
analyses, 14 Atterberg limits, nine unconfined compressive strengths, four sulphate content
in soil, two chemicai water analyses referring to construction material, as well as eight
petrographicai analysis (thin sections).

g. Seismic refraction investigations in the upper penstock and surge tank area. CMTL -
Central Mateniai Testing Laboratory in cooperation and under supervision of IGH,
Guatemala, caried out these works in 1996. Additionally, geoelectircal investigations have
been executed at the same time.

h. A special geological surface mapping in the penstock slope area has been carried out by
MAGMA for control reasons.

In the following, an interpretation of the engineering geological conditions is given, using ali
available results of the aforementioned investigations.

REGIONAL GEOLOGY

For reasons of completeness the general geological conditions of the project area are
described in brief. Petrographic, stratigraphic, tectonic and metamorphic details and
descriptions are based on numerous publications e.g. MP WILLIAMS, (1989): "The geology of
the Besham Area, North Pakistan: Deformation and Imbrication of the Footwall of the Main
Mantle Thrust".

May-98 5-2
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53.1 Regional Seismicity

- The structural framework of northem Pakistan is dominated by the result of the collision
I between the northward migrating Indo-Pakisian Plate and the Eurasian Plates. The most
important tectonic elements are marked by the following units (from S to N):

i
k ] - Salt Range Thrust

i - Potwar Pleateau
r ] - - Panjal Thrust (PT) and Main Boundary Thrust (MBT)
L - Peshawar Basin and Kashmir Basin separated by Hazara Syntaxis

- Main Central Thrust (MCT)
. - Main Mantle Thrust, indented to the N by Nanga Parbat Syntaxis
t-' ' — Kohistan Islan Arc Complex

— Main Karakorum Thrust

EURASIAN PLATES i

PR

MBT  Main Boundry Thrust
MCT Main Central Thrust
MFT  Main Frontal Thrust

MKT Main Karakorum Thrust
MMT Main Mantic Thrust
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The Northern Megashear along the tine Hini-Chalt-Yasin-Drosh used to be considered the only
extension of the Indus Suture west of Nanga Parbat. Recent studies by TAHIRKHELI resulted
in an assumption of a southem megashear as well, marked by The Thics and high pressure
metamorphic rocks, called Main Mantle Thrust (MMT), which traces the southem contact of the
Kohistan Island Arc and the Indo-Pakistan continent.

Swat Kohistan is occupied by the so-called Kohistan Island Arc Sequence of Post-Eocene age,

- consisting of granites, diorites, pyroxene-granulites (norites), gamet granulites, slates,
quartzites, and greensiones. Just 10 to 15 km south-east of Madyan and Fatehpur, the
Kohistan Island Arc is bordered by the Main Mantle Thrust (MMT), which devides it from the
Indian Mass consisting of granities and all kinds of pelitic (slates) and calcareous rocks, called
Besham Group, devided in Chail and Banna Formation.

551505 May-98 5-3
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The Island Arc proper consists of a larger number of different rock units belonging to the
Kohistan Compiex; the incorporated five mainly mafic and ultramafic rock types are from south
to north the Patan Gamet Granulites, Jijal Ultramafics, Kamita Amphibolites, Bahrain Pyroxene
Granulites, and the Deshai Diorite. Round about Kalam and along Gabrai and Ushu River, the
main outcrops of Cretaceous Kalam Group (name !) exist, consisting of quartzites, limestones,
and slates, accompanied by volcanic rocks and slates of Eocene-aged Dir Group.

In the Swat Valley the rocks of Kalam and Dir Group are said to be in direct contact with dioritic
rocks of the Deshai Group. After all relevant geological principles, this is only possible, if the
contact is a fault. it applies also for the contact of the Kalam Group occurring south of Chokel
Khwar. This phenomenon is derived from theory only and is a matter for further investigation.

The project area is characterized by rocks of the Bahrain Pyroxene Granulites (lows typicus!),
consisting of basic to intermediate intrusions, which caused little metamorphism only due to
cooler temperature during its initial phase.

Regional Seismicity

The project area is located in the *Hazara-Swat/Kohistan® seismic province and shows mostiy
E-W trending folds and faults. The deformation within his zone is primarly the result of
thrusting and of a deep crustal decoliement process associated with the collision between the
Indo-Pakistan and Eurasian Plates.

Seismically defined faults have been identified using microseismicity data; shallow seismicity
occurs on perpendicular, steeply dipping faults characterized by reverse and strike-slip motion.

Teleseismic data for northem Pakistan shows a concentration of seismic aclivities in three
main zones around the project:

« the Hindukush region in the NW,
s the Daral - Tangier - Haran valliey region in NE (Gilgit Agency), and
+ the indus - Kohistan seismic zone in the SE

in Swat valley proper, the seismic activities are generally concentrated more to the south; the
centre and northem parts have to date only indicated low aclivity.

Results of a microearthquake survey have shown a seismic trend similar to that depicted by
teleseismic events. Deep seismicity (70 to 300 km) is related to the Hindukush zone, while
shallow seismicity (< 25 km) is dominant in the Kohistan area.

Some 50 earthquakes took place during the years 1964 and 1992 within a distance of 100 km,
18 of which were of a Magnitude of M > 5; the strongest earthquake occurred on 28 December
1974 in the village of Shitgal in Duber Khwar, Pattan area, with a magnitude of 6.2 and the
hypocentre at appr. 20 km depth.

The “Seismic Zone Map of Pakistan™ shows the project area lies on the edge of “Zone 2:
moderate damage; comresponding to Intensity VIl of the MM-scale™. However, the distance to
“Zone 3 (major damages: correspond to Intensity VIl and higher of the MM-scaie)” in North
Mansehra and South Swat regions (< 20 km distance) suggest a more conservative coefficient
may be adopted.

To determine the Peak Ground Acceleration (PGA), the attenuation relationships derived by
ESTEVA (1974) is adopted.

The theoretical PGA-values for the project area relative to the many individual earthquakes of
vanous magnitudes and distances, evaluated since 1905 (Quetta), vary between 43 cm/s’
(0.04g) and 210 cm/s’ (= 0229) The previously mentioned Pattan earthquake may have
reached a PGA-value of 91 cm/s’ (= 0.09q).

May-88 54
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Considering the important Main Boundary Thrust (MBT) as a source for fulure earthquakes with
an intensity of M=7 at a depth of 20 km and a minimum horizontal distance of 30 km. an
assessment for PGA at Daral Khwar mouth would result in a maximum value of 262 cm/s* (=
0.279)

The probabilistic anaiysis originally developed by CORNELL (1968) is based on

» definition of earthquake sources.

+« magnitude frequency relationship,

« attenuation relationship, and

* upper bound magnitude assignment to each earthquake source.

Earthquake sources have been defined as Hazara Arc, Kohistan Island Arc and Hindu Kush
Seismic Zone.

Keeping in view the tectonic setting of the area and its historicai development, an upper bound
magnitude of M=8 have been used in the respective analyses.

The assessment of seismic probabilistic hazard in the project area, affected by fault ruptures
during an earthquake, has been made by computer analyses (200 km radius). According to this,
the following vaiues have been given for 50% (10%) of probability of exceedance:

o designlife of 50 years :0,15g(0.24q)
s design life of 100 years :0.18 g (0.28 g).

The seismic design parameters for the project (50 years life time) are recommended as
Maximum Design Earthquake (MDE) of 0.25 g with 10% probability of exceedance with a
corresponding retum period of 475 years, and as Operation Basis Earthquake (OBE) of 0.15 g
with 50% probability of exceedance and 75 years retum period.

GEOLOGY OF PROJECT AREA

The project area is part of the Kohistan island Arc and consists of "Bahrain Pyroxene
Granuilites" of Jurassic to Cretaceous age. They present the westem extension of the Chiias
Compiex as a massive body of calc-alkaline gabbro - norites. The pyroxene granulites
generally show well developed foliation and banding. A charactenstic criterion is the presence
of light pink plagioclases as well as darker greenish hypersthene. Otherwise, the rock is grey,
weathering o dark grey or brown. in the area, some intrusions of hombiende-rich pegmatites
can be observed with their dark to black, coarse-grained cnstals. According to thin cut
analyses, mainly plagioclase and pyroxene cristals occur, accompanied by amphiboles,
chlorites, epidotes, and sericites. According to the findings, the rock type represents a norite.

Tectonically, three main striking directions of shears/faults have been recognized, i.e. E - W,
NE - SW, and NW - SE, and thus being similar to foliation directions and, naturally, to the joint
sets. The E-W-trend is the oldest and maijor one. The so-called shear zone at the penslock
slope is said to belong to this trend set, as well as the upstream part of Daral Khwar valley
itself. The NE-SW-trend as second important direction follows some main parts of Swat River
and is represented by aimost one third of joints in the area. The SE-dipping part of it “is said
to".... cause downsilope movement of the rock bodies because the siope of the surge area are
aiso dipping towards SE" MAGMA. The third, NW-SE-trending fault/joint set can be seen at the
Darai Khwar mouth (N 75° E) into Swat River. In the surge area, this system has" .... cut the
massive nonte body into many loose rock blocks and big boulders, thus causing destabilization
of this slope. On this slope the E-W-trending shear zone is not much prominent”.

Where the Quatemary deposits in the project area are concerned, CES and MAGMA have
obviously different opinions about age, type and character of the ioose overburden.

CES: "The Qualemary depaosits in this area mainly represent deposition of glacial outwash,
debnis flow, ... terrace deposits of the present day and ancient Swat River and siope deposits

May-98 5-5
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(scree).” "Glacial outwash and debris fiow deposits ... suggest three phases of deposition, which
inturn indicate three phases of glaciation.”

MAGMA: "The Quatemary deposits of the investigated area include niver deposits, terrace
deposits, and slope deposits”. "There was no evidence of glacial outwash found in these terrace
deposits. During the three glaciation, as recorded by vanous workers (Porter 1970) large valiey
glaciers originating at altitudes of 4000 m or more ... and terminated at altitudes as iow as
1700m ...". MAGMA further argues that the glacial outwash should contain debris of the source
area, i.e. the higher Swat catchment; the slope and terrace deposits would, however, be
composed entirely of pyroxene granulite materiai, "... while river deposits represent variety of
rocks exposed in the upper reaches of Swat River."

The latter theory suits definitely much better the objective circumstances and geological criteria
in the area (refer to definition). Irrespective of the acadernical dispute, the devision into three
main types of overburden is obviously correct.

The slope deposits consist of about 70% of angular boulders, cobbies and gravel of norite,
accompanied by fine-grained material. Particularly in the higher slope parts, block fields
become quite thick. Along the penstock slope, a peculiar "... platform of silty clay representing
either, paleo surface of slope movement subsequently filled by finer material or a loess
deposit".

The slope “deposits have been formed by in-situ mass wasting ..." and "... are in consolidated
to semi-consolidated stage”. According to definition, only the slow displacement could have
been ment, as the slope in general was said to be "stabilized".

The terrace deposits below the slope deposits (debris slope) are mostly cultivated and are
formed by both debris flow material and Swat River deposits, interfingering each other. Those
terrace deposits along river Swat are a little different, as they contain relatively young gravel
and cobbles of diverse petrographic character of Swat source area, whiie the higher positioned
ones mainly consist of norites.

The young river deposits in both Swat River and Daral Khwar valleys represent the normal
fluvial deposits of different size (boulders, cobbles, pebbles, sand, silt) and of different
petrography {diorites, norites, granites, quartzites, volcanites et al). The thickness of these
deposits may reach frorm metres to dekametres.

ENGINEERING GEOLOGICAL ASPECTS

General

For Daral Khwar Project, geological, engineering geological, geophysical, and soil mechanical
desk studies, field and laboratory investigations have been carried out.

The geological and geophysical investigations results are sufficient to give basic interpretations
of the engineenng geological conditions at the weir site, headrace tunne!, surge structure and
penstock, also at the powerhouse and tailrace structures.

With respect to tunnelling, and according to the mapping results, only one rock sequence has
to be crossed by the by-pass, headrace, assess, and penstock tunnels, i.e. the Bahrain
Pyroxene Granulite of Kohistan Island Arc, consisting of norites. The petrographic character is
of good and harmless nature, although the rock types normally vary considerably in their
strength properties, depending on factors like grain size, porosity, and cementing agents
(Kaolinization, chloritization, sericitization); schists, if any, if any, will exhibit very marked
strength anisotropy.

The tectonical behaviour is different. Along most of the headrace tunnel, no severe
unconformity, fault zone, and/or shear zone has been recognized. Iin case of smaller fauits,
which never can be excluded, the character of faults is very likely to be harmless, where shear
events, mylonitization, jointing, and weathering is concemed. Otherwise, the morphology wouid
be different in view of long-termed weathering and erosion. Only in the far downstreamn part of
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the tunnel, in he surge tank area, weak and disturbed rock zones have been found, which are
said to be of tectonic origine.

Weir/intake

The weir site was chosen in the upper Daral valley, where bedrock is outcropping on the right
abutment in the form of a huge "boulder”, and where on the left bank some dekametres
upstream the bedrock reaches near the river bed.

¢ Foundation of the weir wilt be necessary within river deposits.

» A 6.5 m depth foundation will reduce seepage through the alluvions underneath the weir. A
geoplastic foil upstream the weir. Additionally a geoplastic foil and a cut-off wall upstream
the weir will minimize seepage quantities by lengthening the percolation path.

« The intake on the right side will be founded on bedrock.

Sand Trap

The sandtrap is located downstream of the intake at the foot of the right bank within river
deposits. Slope protections may, safety measures (riprap) against high floods have to be
constructed along the sandtrap.

To connect the weirfintake with the sandtrap, a free-flow by-pass tunnel which will serve also
as a gravel spilling system has to be driven through the boulderlike outcrop of norites.
Tunnelling may become a routine exercise, as the bedrock shows very good tunnelling
properiies.

Headrace

The short headrace canal reaching from the sandtrap to the inlet tunnel portal, following the
lower part of the right slope, does not create any excavation or foundation difficulties but some
protection measures in the vicinity of the porial.

The low-pressure headrace tunnel of 3044 m length will cross norites of good quality in its
upper approximately 2870-m-section, will, however, meet very bad and unfavourable rock
conditions by approaching the surge area. Both, conventional heading and TBM will be
possible. Irrespective of the rock class and the different strength of the "outer shell”, a regular
"inner shell” of 20 cm thick concrete lining should be taken into consideration in view of the
watertightness and friction fosses. Primary siresses are generally not expected, remnants may,
however, not be excluded.

Surge Tank

Due to insufficient investigation results in the surge tank area, a second investigation campaign
became necessary.

Weighing all general geological criteria, viz judging simply upon the field geological mapping
works by MAGMA, it came to the understanding that evidences for a post-glacial "Sackung”
event, {.e. deep-seated rock creep which has produced a ridge-top trench by gradual
settlements of a slablike mass into an adjacent valley (BATES & JACKSON 1982), do not
exist. All geological criteria and phenomena shall be interpreted as old tectonical movements.
Siope stability analyses with assumed parameters resulted in just sufficient safety factors.

The surge tank is iocated within a "sheared zone", striking + paralle! to the slope causing
special excavation measures, such as pre-stabilization by grouting; pile walls or drop shaft
foundation. Rock bearing capacities for pressure shocks should not be taken into consideration.
A pre-construction pilot tunnel for rock mechanical investigations may result in shifting the
structure further into the mountain with better rock conditions for a chamber-fike surge
structure.

May-98 5.7
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Penstock and Access Tunnels

The penstock and access tunnels are situated in the same "sheared zone", reducing the rock
qualification decisively. The concrete piugs need deep anchors with pre-consolidation
measures.

Penstock

The embedded 850 m long penstock is expected to have the following conditions conceming
excavation and backfill: Except a small rock outcrop downslope of Borehole DP3, the whoie
penstock slope is covered with loose overburden. In the upper part of the penstock siope, the
excavation may become costly due to the many blocks to be pop-shooted.

In the DP3 area, the matenal turns into a finer-grained slope deposit which can be easily
excavated and backfilled. The mostly fine to medium grained slope material can be handled
without difficulties, although several big blocks may have to be boulder blasted. Just
downstream of Borehcle DP3, strongly weathered and highly jointed rock is outcropping, the
excavation of which does not create any difficulties due to its broken appearance. Backfill will
be possible without further treatment.

The two fixpoints - at the valve chamber and just in front of the powerhouse - get heavy anchor
support. The crossing of Madyan-Bahrain-road is accomplished by a concrete structure bearing
the new road.

Powerhouse/Tailrace

The powerhouse was, after cost comparison, finally located on the right bank, and will need
foundation on terrace deposits. Excavation of the loose terrace deposits, consisting mostly of
river pebbles, cobbles, gravel, sand, and little siit with some big boulders between, will create
no extraordinary difficulties, as there was found no groundwater above say 1403 m in elevation,
i.e. some metres below the deepest foundation level of powerhouse. Conceming settiements
and settiements differences have to be investigated in a larger scale after excavation.
Compaction measures and/or ground consolidation may become necessary accordingly. Heavy
s0il anchors for slope protection and strong erosion protection along the water front in the form
of concrete embedded riprap are necessary. The tailrace cascade does not need any special
treatment except flood protection.

Construction Materials

The whole bulk of construction matenal can be gained by quarrying and/or from muck material.
Natural sealing matenrial is not available.

May-98 5-8
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ENVIRONMENTAL IMPACT ASSESSMENT

Reference Appendix 6: Environmental impact Assessment

INTRODUCTION

Hydropower potential in the upper reaches of the tributaries of river Indus can be exploited for
the indigenous generation of electricity. Exploitation of the existing hydro-polential in Swat area
of NW.F.P is economically viable and provides a useful option for the generation of electricity to
the national energy planners.

The hyde! policy announced by the Govemment of Pakistan offers attractive tariffs and
concessions to make these schemes lucrative for private entrepreneurs. With the incentives
given it is expected that a number of schemes would be taken up for implementation in the near
future.

The proposed Project will utilise the water flow in Daral Khwar to produce electric power and
thus would help in the socio-economic developments of Swat region and would also help in
overcoming shortage of power in the country. The installed capacity of generation would be
35 MW,

Hydel schemes are environment friendly as these do not pollute the atmosphere with green
house gases and particutate which are associated with thermal power plants. A thermal power
plant would not only require transportation of large quantities of fossil fuel but would also
contaminate the atmosphere with the emission of large quantities of CO;, SO, NOx and
particulate matter.

Project Area

The proposed project area is Iocated near Village Arin of Bahram Tahsnl of District Swat. The
district of Swat lies from 34°-09' to 35° 36 ' north latitude and 72°-07' to 73°-00' east longitude.

The district is bounded on the north and east by Gilgit district, on the south and south east by
Mansehra district and on the west by Dir district. The total area of the district is 8788 km?.

Swat is one of the twelve districts constituting the NW.F.P of Pakistan. The highest
administrative authority is the Deputy Commissioner, who is assisted by three Sub-divisional
officers. The Swat Sub-division is divided into 8 Tehsils and 35 Union Councils (U.C.s). Saidu
Sharif is the capital city of the district and also the seat of the Malakand Commissioner.

MAIN FEATURES OF THE SCHEME

The proposed sne for the Weir is localed at an elevation of 1720 m a.s|. Due to the high design
discharge (15 m ls) a Weir with lateral intake is proposed. The weir will have a foundation
length of 50 m and a height above river bed of 2.5 m. A sand trap with two parallel chambers is
planned downstream the weir on the right side of DARAL KHWAR, for exciuding sand and
gravel from the supply to be diverted to the turbine for generation of electric power.

An approx. three thousand meter long pressure tunnel will take the diverted water across the
high mountain to the Swat valley to a surge tank close to Bahrain Town. From the surge tank to
the Power house, a steel penstock will drop the water by approx. 280 m to the turbines for
generation of electric power.

The proposed site for the Power House is located 1 km south of Bahrain Town between the

main road and Swat river. It can be constructed on a flat field, as an extemal type structures. It
is proposed to install three turbines.

May-98 6-3
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Topography

Characteristics for the area are mountains ranging from about 1,000 to 6,200m peak heights
increasing from south to north with vegetation mainly between 1,800 and 3,400 m.a.s.l., glaciers
are evident at altitudes of 4,000 m.

River Swat which rises in the lofty ranges bordering Chitral in the north and flows south, south-
west from its course to Chakdara near the border of Swat district in the south, approximately
divides the district into two halves. However, topographicaly Swat may be divided into two
tracts, one is the Swat Kohistan or the mountain country on the upper reaches of the Swat river
as far south as Mardan and the other is Swat proper which is further sub-divided into par
(upper) and kuz (lower) Swat. Starting from an elevation of 600 meters at the junction of the
Swat and Panjkora rivers, the valley of Swat rivers rises rapidly to peeks in the north ranging
from 4,500 to 6,300 meters above sea level.

Hydrology and Sedimentation

A gauging station was established at Daral on 17-12-92. Data of subsequent years is available
for the same. The other hydrological information available in this area is for Kalam gauging
station, located on Swat river around 25 kilometres upstream of Bahrain. Alternatively one can
also interpolate the data using the specific discharge figures developed for catchments of similar
characteristics.

The discharges in the streams of the region are mainly influenced by snow melt from May to
June and later by monsoon rains.

The scheme is based on run-of river and only a limited storage in the tunne! is proposed. The
sedimentation data at the site has also been collected recently. It is proposed to provide
gravel/sand traps at the downstream of the weir to exclude maximum amount of suspended
load from the diverted water.

The areas of permanent settlements need irrigation and drinking water and such localities exist
only up to about 2,000 m.a.s.l. Moreover there is no apparent conflict between requirements for
irrigation and power generation, since irrigation requirements occur during seasons when more
water is available in the Khwar than required for generation of power.

CLIMATE

The project area is located along Swat river surrounded by high mountain peaks. This
topographic set up gives rise to strong winds, which keep the temperature of the area lower
during Summer. There is some rainfall during summer and snow falls during the months of
December to April. During the later period there is also some rainfail.

Temperature

Average daily temperatures of Bahram area during December to February range from -4 °C to
7 °C and between 21° C to 35 C during June to August. Thus the annual range of temperature
of the area is from -4 °C to 35 °C. Occasionaily however it may rise to 40° C during the month of
June.

Precipitation

The precipitation is mostly in the form of snowfall on surrounding peaks and a large part of the
precipitation occurs during winter. During summer monsoon the area receives only sparse
rainfall. Mean annual precipitation is about 1,560 mm.

Waste Disposal

Domestic solid and liquid waste disposal is totally unplanned and unmanaged between the
villages of Arin and Jail (short of Bahrain at tail of Daral Khwar) with the result that all the
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ravines in the vicinily and streets of the village are dumped with garbage, cattle dung and fodder
waste. This waste is either removed and used in adjoining fields as manure or camed away by
rain water. However this waste has no impact on the project.

Public Health and Diseases

Swal is one of the most backward and economically depressed areas of N.W.F.P. Bahrain
however has a proper health cenire and hospital with adeguate facilities. The complicated cases
have to be taken to Saidu Sharf. The drinking water supply is generally not trealed properly
which commonly results in a source of numerous ailments 1o the local people. Main diseases
are reported to be malaria, dysentery, typhoid, skin infection, cholera, and Leprosy.

BIOLOGICAL RESOURCES AND FORESTATION

Animal Husbandry

Villagers around the Project area raise goats, sheep, buffalo, cows, donkeys and poultry birds to
meet their daily needs. A flock of goat and sheep comprises upto 100 head, cows upto §,
buffaioes 2 to 3, donkeys muies and horses upto 5. Usually flocks are kept near the farms.
Selling livestock provides a useful source of income.

Wiidiife

Swat area is well known for its forests and has a variely of wildlife, many of which are
endangered species.

Important wildlife found in Bahrain area is:

Birds - Snow cock; Black Partridge; Grey Partridge; See ~ See; Snow Partridge; Monal
Pheasant; Tagopan Pheasant; Khalij Pheasant; Koklass Pheasant; Chakoor; Golden Eagle.

Animals - Rhesus Monkey; Markhor; Musk Deer; Black Bear, Brown Bear; Snow Leopard,
Flying Squarrel; Common Leopard; Himalayan Ibex; Goral; Wolf; Jackal.

¢+ Bee Farming (smaller type)

Bee famming is practised by the locals. There are three private bee farms in the area. The
locals while constructing their houses leave holiow spaces in their walls. These hollows are
then occupied by bees which provide honey for the family and the surplus is soid in the
market. Honey of this area is famous and has considerable demand amongst tourists.

* Fisheries

There is a Govemment trout farm at Madyan and other smalier trout farms are being
mainlained by locals. There is no trout farm at Bahrain. However there is a big demand for
trout al this place, which is mel by the farms at Madyan. The common fish found in Swat
river al Bahrain is Swati, Muliah and Snow Trout which are not a farm fish. It is usually
caught by the locals by using hand nets.

Forests

+ Distribution of Forests

Total forest area of Bahrain Sub - Division is 39,314 Ha, whereas the foresit area around
Bahrain village is aboul 2496 Ha.

May-98 6-5
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Legal Positing

On November 10, 1976 the Government decided that a 60% share from income of these
forests will 4, to the locals while 40% will be for Govemment. Notification was issued vide
Govermment nf N.W.F.P, number SOFT (FAD}V-405/77 dated 14.3.1977.

Rights and Concessions

The following privileges are enjoyed by the local people;

1. Grasing of Cattle Full ights

2. Gras: cutting Full ights

3. Fuel Wood collection Full ights (no green tree to be cut)

4. Timber for construction purpose 700 trees (for whole of Bahrain Tehsil)
5. Share from sale of forests 60% (paid to the iocals)

Classification

In general the forest can be classified into the following types according to the variety of
vegetation;

Pure Deudar Forests

These oceur at elevations from 1700 meters to 2900 m. They cover 33% of total forested
area. At places it is associated with Kail also.

The broad |eaf associates are Kalakat, Jijrai, Amiok, Akhrot, Chinar, Kau, Tut and Safida.
Pure Kail Forests

This type covers about 20% of the forest area, the percentage of Kail in this type varies
between 70% to 80%. Broad leaf associates are Kalakat, Batangi, Akhroat, Oak and Bird
cheery elc. The growth consists of Vibemum, Rosa, Rubus, Skimmia, indegofera
species, fems etc.

Pure Fir/Spruce Forests
This type covers about 47% of forested area. They occupy the highest altitudes (2420 -
3320 m and above). At places they occur mixed with Kail and Deodar.

Broad leafed associates are Holly Oak, Brown Oak, Horse Chestnuts, Walnut, Bird
Cheery, Maple and Birch. The undergrowth consists of Viburmum, Skimmea, Rosa,
Parrotia, Berberes, Podophyium species, Fems and grasses.

Mixed Forests of Fir, Spruce, Deodar and Kail
These forests consist of mixed trees of fir, spruce deodar and some Kail. They occur
below the fir/spruce zone.

Broad leafed associates consist of maple, bird cheery, oak, horse chestnut, Tut, Batangi
and Amlok.

Undergrowth consists of various grasses, roasa, bivumum and indigofera species.

Grazing lands and Pastures

The slopes and uncultivated lands are included in this category. The lands located near
valley bottom below forest fine are individually owned and are being converted into
cultivated lands.

The lands inside the forest area are permanent pastures, generally these pastures are
rain fed.

The high alpine pastures are located above dense forests areas and occur at altitudes
2700 to 4200 meters. These generally are large pastures and are an important source of
fodder for jivestock. Upper reaches of these pastures are defined by glaciers, snowline
and steepness of slopes.

May.98 6-6
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They consist of a vanely of grasses and a number of species of herbaceous plants like
Agroshis and potenialla species and Dactyls glomerata, Trifolium repens, Tnfolium FThalii,
Plantago major, Lotus Alpinus etc.

Game Laws

The tract is covered by Government of N W.F.P Wildlife Act No. V of 1975 published under
Notification No. Leges-1(22)/73 dated 01-08-1975. This provides prolection, preservation,
conservation and management of all sorts of wildlife in the area.

SOCIO - ECONOMIC SET UP

Population Figures

Population figures of the area according to 1981 census of Bahrain Tehsil is about 63,000. With
3% annual increase, the present population could be about 100,000,

Families of brothers and cousins live under joint family system. This living provides protection
against their enemies and helps in the coliective development and utilization of available
resources.

Religion, Customs and Ownership

Religion of the entire population is Islam. They speak Pashto and some of the more educated
people also understand Urdu/English. Women folk observe parda and lack education. Many
men have three wives and have a dozen or more off-spring.

Houses and landed property is individually owned. Holdings are small and with growing
population of the area are becoming increasingly small. Forests, pastures and water are the
joint property of the people. Gujars, who lead a nomadic life, live with their herds at high
altitudes. They take their herds to lower altitudes during winter where they sell some of it and
retum to their abode during summer.

Historically, the people of the area believe in democratic system of human setup. Jirgas are
formed to settle any disputes. Almost all decisions are made by general consensus; influential
people are not allowed to dominate these decisions. In order to resolve conflicts, this type of
community consensus has proved most effective.

Public Facilities

Swal - Kalam Road is the major source of communication for trade and transport. Bahrain is an
important trade centre of the area, where sheep, wool, hide, trout, mushrooms, poulity anc
honey are sold as local products. Flour, ghee and other edibles, cloth, medicine and gift items
for sale to tourists are among important items which are transported from down country for sale
in this area. Due to the scenic beauty and cool summers, Bahrain has a great attraction for the
tounists, who visit the places in large numbers dunng summer with the resull that holels.
restaurant and gift shops get quite crowded at Bahrain and its vicinities.

Bahrain Tehsil has 35 primary schools for boys and 4 for girs; 2 middle schools for boys and 1

for girls, and 7 high schools. There are 11 health units in Bahrain Tehsil, out of which 3 are
located at Bahrain and its outskirts.

Agriculture and other Livelihood

Both irrigaled and rain water faming is in practice. Due to snowfall, the snow melt gives nse to
a number of springs, and the water used for agricuiture. Wheat, maize, potato, nce, vegelable
and apple are major agriculture products of the area.
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People who have small land holdings, move down after they cultivate their lands where they
work as labourers. Most of the them work in Baluchistan in the coal mines. The women and
children look after the farms during their absence.

Agriculture, livestock pastures, tourism and timber are the major income generaling means. A
large number of healthy male folk work outside as labourers on roads, forests, mines etc.

GUIDELINES AND PROCEDURES

in Pakistan, environmental policy and the approval of environmental standards lie within the
purview of Pakistan Environmental protection council, whereas standards of development and
enforcement, as weil as other environmental programs, are administered by the Environment
and Urban Affairs Division of the Ministry of Works, Environment and Urban Affairs. The main
legal requirements for a project of this type are based on the Pakistan Environmental Protection
Ordinance {EPO) No. xxxvii, "Control of Pollution and Preservation of Living Environment”,
which was enacted in December 1983. For the Daral Khwar Hydropower Project, the checklist
used by the WAPDA DAM Monitoring Organisation was also consulted.

Additionally GOP has established legislation goveming antiquities, endangered species,
national parks, wildiife sanctuanes, game reserves, forestry and water management. Major
environmental legislation and regulations pertaining to these resources are given in table 1 (next
page). An official GOP document of particular interest to this project was prepared by EUAD
and the EIA service of IUCN. This document provides EIA guidelines for the energy sector in
Pakistan. These guidelines have also been consulted while preparing this ESSA.

Multilateral development organisations such as the World Bank and ADB have established
procedures for the evaluation of potential environmental impacts and the adequacy of pollution
control measures. These evaluations are concemed with both the natural human environmental
Assessment Guidelines, the Worid Bank detailed guidelines and procedures, and the ADB's EIA
guidelines are available and were consulted.

Bilateral funding organisations such as USAID have also established policies for evaluating the
environmental consequences of the project. The basic policy for the consideration of the
environmental implications of USAID financed activities is embodied in the larger requirements
set forth at 22 CFR part 216, "AlD Environmental Procedures”, which inciudes a comprehensive
set of procedures to be followed, and requirements to be met, in evaluating proposed project.
These guidelines were also consulted for this study.

Although several documents and available guidelines were consulted for this ESSA, the
checklist used was that required by GOP under the EPO. The format employed in analysing
impacts and mitigation options is based on relevant Worid Bank procedures.

Environmental Impact
« Scope of Investigations

The ESSA (Environmental & Social Soundness Assessment) of Daral Khwar was carried
out, keeping in mind three main requirements. First, to assess all possible impacts, both
negative and positive, that may occur during the construction and operation of the project.
Second, to gquantify in economic terms, impacts such as resettlement costs, loss of land.
etc., as well as the mitigation measures proposed. Finally, the most important requirement
was to assess the impact of the project in accordance with the foliowing documents:
environmental guidelines of the Worid Bank, the ESSA guidelines issued by the WAPDA
Private Power Cell, and guidelines of the NWFP EPA.

Further an explicit statement is required on residual impacts, that is, those adverse impacts

that will remain either because they cannot be mitigated or the mitigation as proposed is not
sufficient to eliminate them completely.
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Major Environmental Legislation and Regulations for Pakistan

Table 1

Type

Authority

Administering Agency

Requirements

Comprehensive
Environmental
Protection

GOP Ordinance No. XXXVIl
of 1983

Environment and Urban
Affairs Division, Ministry of
Works, Environment and
Urban Affairs

Enviranmental Proforma

Protection of

Act No. Viof 1977

Ministry of Culture,

Provides protection and

Antiquities Archaeology, Sports and preservation of historically and
Tourism : Department of archaeological important sites.
Archaeology

Water resources |West Pakistan Act of 1958 WAPDA Management of Water resources

West Pakistan Wildlife
Protection Ordinance of 1958

Zoological Survey : Nation
Council for Conservation of
Wiidiife ; Ministry of Food
Agriculture and Cooperatives

Promcte conservation and
establish iimits on hunting

Provincial Wildiife Protection

Provincial Wildlife

Govern endangered species,

Wildiife Ordinance since 1972 and Department wetlands and heritage resources.
International Conventions Empowers Provincial
ratified by Federal Govermnment's to Protect wild life
Government in protected areas and prohibited
trade in protected species
NWFP wildiife Act. 1975 Government of NWFP, Protection, reservation and
Department of Forestry, management of wildlife
Wildlife's Fisheries.
Forests Act of 1927 No. XVI | Ministry of Food Agricuttures | Protection, conservation and
and Coocperatives, regulation of exploitation of
Government of NWFP, forests
Department of Forestry,
Wildiife & Fisheries
Hazara Forest Act, 1936 Government of NWFP, Protection, conservation and
Forests Department of Forests, regulation of exploitation of
Wildlife and Fisheries forests
Hazara Gunzara Rules, 1950 | Government of NWFP, Protection, conservation and
Department of Forests, regulation of exploitation of
Wiidiife and Fisheries forests
The West Pakistan Fisheries | Government of Pakistan, Protection, preservation and
Ordinance, 1961 Ministry of Food, Agriculture | management of fisheries
and Cooperatives
Fisheries

NWFP Fisheries Rule, 1976

Government of NWFP,
Cepartment of Forestry

Protection, preservation and
management of fisheries

Fouling of Water

Canal and Drainage Act of

Provincial irrigation

Prohibits fouling of canai water,

1873 Department including channels water
courses, reservoirs and
tubewells, by industrial and
domestic pollution, or drainage
obstruction
55-15-06 May-98 6-9
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» Methodology for Data Coltection and Analysis

Basic data for the project are compiled from reievant chapters of this Regional Power
Development study which cover aspects such as engineering and design, hydrology,
geology and related aspects, and maps. Additional site specific inforrmation and clarnficaticn
were obtained from local officials working in the Swat District, representalives of line
agencies based in Dassu and Patan and field staff working in the project area.

REST WATER REQUIREMENTS

The catchment area of Daral Khwar at Weir site is 250 km®. as observed. The hydroiogy i.e. the
mean, monthly minimum, and 90% of the time flows in Daral Khwar at the weir site as given in
the Hydrolcgical Study are as follows;

Mean annual discharge =10.76 m’ /s
Monthly minimum discharge (January) =131 m'/s
Discharge 90% of the time =128 m’/s

As regards the environmental impact of the scheme, it is observed that diversion of the flows at
Arin Weir/Dam site, for the generation of power is going to deprive the lower riparian of Daral
Khwar, between Arin and Bahrain of that much flow. To protect their multifanous needs the
required amount of water must be released from Arin Weir round the year, even at the cost of
lesser power generalion. This is going to be crtical in the winter months of low flows, when
power generation may have to be reduced substantially.

Existing Water Usage

Due to high altitude, rain and snowfall are the natural sources of land imigation water. Most of
the rain water drains out rapidly due 1o topographical conditions. The snow on the other hand
remains on the ground for some time, melts slowly and farmers channelize it into private canals.
A considerable area is thus imigated by diversion of rain and snow meit water to the fieids.

Domestic Usage
There is only a very limited access 1o safe water supply in the rural area of the region and
peopie mostly use spring water for drinking and household needs.

Basic Parameters for Rest Water Assessment

The following basic parameters underiine the study;

i) The crop water requirements exist only between the periods May 1o August, when the
imigated farming is primarily done. There is almost no requirement during the periods
January to April and September till December.

) Water Mill requirements exist throughout the year. However, these can be dispensed with
after commissioning of the HYDEL station when the water mills can be replaced by
electnc operated motors. This fact has however not been taken into account for the
present sludy.

i) The domestlic water requirements of the villages close to the Khwar area are presently
met from springs, and they do not use KHWAR waters except for bathing and clothes
washing.

iv) There is only limited wild life, and their needs are primarily met from a number of springs
in the area.

V) There is almost no fish culture during low supply periods (winter months) and whatever
fish do exist, travel up the Swat River dunng summer months.

May-g8 6-10
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vi)  The inflow into the Khwar from various tributaries joining in the downstream reach was
observed in the month of March 1995 when the flow was very low. The flow during the
months of May 1o August would be much higher due to snow mell and rains. The March
infiow figures have been used for calculating the rest water availability. For arriving at the
Water Mill requirements, the inflow from tributaries has been taken as Nil, which may wel!
be the case in December/January. Thus this estimate is also conservative.

vii)  Retum flow from Water Mills to the Khwar is taken as 2/3 rd, which gives quite high
seepage and other losses.

viii) Present cattle head count in the area is about 600, for which water quantity needed is
substantial, and is partly met from springs and partly from the Khwar.

ix)  Sanitary water requirements for Bahrain and other village huts along the Khwar have
been added for winter moenths when the supply in the Khwar would not be enough for
dilution etc.

X) Water supply to Bahrain is being tapped directly from a tributary and the system is not
dependent on flow in the Khwar.

Rest Water Assessment

Appendix 6 provides a Schematic diagram of the various canals and tributaries is attached
(Annexe |). This has been used to work out the inflow an outflow points. The statements | and |
give the 'Rest Water' calculations for the two periods, i.e., May to August and January to April/
September to December.

AS may be observed the requirements for May to August is 140 Vs. The requirements for other
months of the year work out to only 80 I/s for the two Water Mills but other requirements of 60 /s
were added. Thus the requirement round the year would be 140 I/s.

Recommendation

To keep some margin for future development and uncertainties of weather we wiil consider it
appropriate to base the design of the hydel station on 'Rest Water' requirements of 200 l/s
during low fiow period in Daral Khwar.

Domestic Solid/Liquid Waste and Disease

Some waste water and agricuitural fields run off flow into the river. The area of concem here is
the portion of the river below the intake structure. There are about 50 houses along this section
which are contrnibuting waste water to this section. From October o May when very low flow
conditions prevail in the stream and lesser dilution is provided to this waste water, a
concentrated waste stream may flow down this section and poliute stagnant water ponds
formed in places where depressions are available and quantity of flushing water is not enough
to wash away the whole width of the stream. As the disposal of waste in the village is not
organised and uncontrolied disposal in to the river is practised, it may contribute to the
escalations of the above conditions. These conditions can cause mosguito breeding and smell
nuisance and provide potential sites for the spread of water based/bome diseases, particularly
infantile diarrhoea, dysentery (both bacillary and amoebic) typhoid, maiaria and cholera which
may become more frequent due to aggravated situation. Apart from releasing minimum rest
water downstream of ARIN, it would be an ideal thing to help the villagers around the Khwar
banks to develop proper sewerage disposal.

Itis also observed that even though Bahrain town, through which Daral Khwar passes at its tail,
has a local water supply system for most of the population, fed from springs, some of the
houses still draw domestic water directly form the Khwar, while disposal from the houses along
the Khwar is also discharged directly into it This is of-course highly un-hygienic and leads to
poliution and diseases.

May-98 6-11
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The implementation of the Project will have no direct impact on this aspect especially when the
minimum water needs of domestic use as well as for dilution will be released downstream of the
weir even in low flow seasons However it is suggested that provision may be made in the
estimates of this scheme to extend and improve the Municipal water supply of Bahrain town.
The source of water supply should either be from springs or the water should be treated if taken
directly from the Khwar. :

On the other hand a proper sewerage network may be laid and waste water treated before
discharging it directly into Swat River. This is all the more important in view of the possibility of
higher concentration of pollution (solid/liquid waste) in Daral Khwar during low discharge
periods.

EFFECTS ON THE ENVIRONMENT (DURING CONSTRUCTION)

Displacement of People

As a result of the construction of the Project only a relatively small habitated area wouid be
affected aithough not a single house will have to be relocated. In this way there would be almost
no movement of people from this area. The social effects of moving peopie is therefore minimal
and the scheme should not cause any significant secial disruption.

Displacement of Wildlife

Since there does not exist any significant wildlife in the area and the construction area is
refatively small, the impact on wildiife would be negligible. Of course rodents, the small number
of the birds, reptiles and lizards would be disturbed during construction of the weir and
Powerhouse efc., but these will ail rehabilitate once the construction phase is over.

The effect on fish movement would be insignificant as there is only limited fish in this Khwar,
although the formation of a small reservoir area will encourage the growth of fish culture and
certain amount of flora along its periphery.

The other effects wouid be minor i.e. about 25 trees would be cut and some iength of Katcha
path on the left bank and lower terraces of agriculture land on right bank would be submerged
after the weir construction. The Project cost should include provision for building a peripheral
road around the weir to facilitate movement.

Weir

Close to the weir and iniet site there is a small habitation named viilage Arin. This is occupied by
descendants of only one family having seven brothers each Jiving in an independent house.
Presently the number of children is 40 and 4 grown-ups. The construction of the weir and inlet
will not disturb any house as these are located well above it. A small graveyard belonging to the
village families has about 12 graves, and again, this graveyard will also not be disturbed. The
size of the pond area will be approximately 1 Ha.

The area to be acquired for the weir, gravel/sand trap and inlet is 2 Ha. There is no agricultural
land except a few smali fields and only some 25 small trees will have to be cut.

The forest area taken away must be replaced by at least an equal area by planting trees along
the road or in the vicinity of weir, gravel and sand traps. The cost of replanting is estimated to be
Rs.100,000/- and may be included in the Project estimate.

Construction of Tunnel

The most probable construction methodology would be to start construction of the tunnel from
the downstream end. The total muck to be dumped is estimated to be 70,000 cum. There is a
fiat treeless area and deep ravines available ciose to the site which would make accepiable
stock pile areas. The estimated surface area for dumping of the muck would be 4 hactares.

May-98 6-12
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The terraced dumping area can be covered with proper soil for growing crops or planting trees.
The cost of the land improvement would be about Rs. 1,120,000 and must be inciuded in the
Project Estimates.

About 20 small trees will have to be cut from the dumping areas. The reforestation planned on
dumped area will more than offset the damage.

Headrace

The open headrace is relatively short in length and is an extension of weir area, already
discussed above.

Effects at Tailrace

The effects at the tailrace is expected to be minor and insignificant, as the water from the
Powerhouse discharges directly into the Swat river.

Powerhouse

The proposed Powerhouse is to be located between the main highway and night bank of river
Swal. Some level area is availabie while some terraced land will also have to be taken. Total
area needed is 0.5 Ha.

All this area is agricultural land and the farmers will have to be compensated adequately.
However there is no habitation on this land, and also there are no trees except a few shrubs.
The dispiacement is therefore not significant, while the development of the area would be much
more beneficial to the community.

Close to the powerhouse some operation staff houses will also be built and the sewerage
disposal will be made directly into the Swat river after proper treatment. Cost of the sewerage
system including treatment plant shall be included in the Project Estimates.

Roads

The construction of new roads would cover about 10 Ha in area. The construction of roads in
the vicinity will have the following direct and indirect affects;

« Erosion and drainage problems at various places.
« Driving off wildlife by noise and human activities.
« Cutting of fuel wood and possible shooting at game animals by the road construction crew.

It is envisaged that these affects will not be significant. The road design should inciude proper
drainage and no erosion is thus likely to take place in future. In fact construction of the road
would bring social and economic benefits {o the area and the people around. During
construction it will employ local labour and will economically benefit the area.

Housing Area

The actual impact would depend on the exact location of the housing area. However the
operating staff will be relatively small in number and the residential units needed would not
affect the land usage significantly. Rather the properly planned and built residences would tend
to improve the quality of the life of the people around.

Effects of Transmission Lines

It is expected at the time of construction that the effects of transmission and distribution lines will
be limited and would not be serious in the case of project area. Some interruption of agnculiure
operation may take place during the construction periog. In any case this activity is not expected
to penetrate significant areas of Agriculture, Wildlife and Forests.

May-98 6-13
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6.8.11 Health

{ The general health of the people is good and the reported cases of water related and
f transmitted disease are few. Peopie generally take water from springs. Some people store rain
water and then use it for domestic purposes.

{! There are almost no stagnant waler pools in the area to cause insanitary condilions and

o breeding of mosqguitoes etc. It is however true that much improvement is desired in sanitation,
personal hygiene and efforts are being made in this direction under various programs of the

I Govemment.

E .

6.8.12 Air and Noise Pollution

The proposed site has no industrial units in its immediate surrounding area and presently has
clean atmosphere. During the construction phase, movement of heavy machinery and blasting
of rocks will cause significant air pollution in the form of dust, exhaust gases and increase in
noise level. These pollutants will not only increase ambient dust and noise levels but may also
cause respiratory diseases such as bronchitis, silicosis, T.B. etc. The dust level can be
significantly decreased by continuously sprinkiing the katcha roads with water. Noise leve! may
be reduced by using silencers on the earth moving equipment's exhaust pipes.
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6.8.13 Operation Period

15-06.

The adverse effects of Hydropower projects occur largely during construction; in the operating
periog the benefils are more. The minor undesirable effects in operation, if any, can be
corrected without compromising the benefits of the Project. The obvious advantages are the
availability of power to the area, better roads and development of civic amenities.

The operation of a Hydel Power Plant does not create environmental problems as does a
Therma! Plant by emitting tonnes of toxic gases which adversely affect the quality of
environment.

e o o

6.9 MITIGATION OF ENVIRONMENTAL IMPACTS

in all, forty five trees of various species will be cut in the location of various components of the
project, i.e. weir, surge tank, powerhouse, etc. The compensation for these trees will be about
Rs. 200,000/- inclusive of cost of felling.

,12:181 5 -10/06/08 12:17 1 C\55-Daraliword-doc\s

Compact forests are located much higher up and will not be affected. Only some wood may be
needed for construction purposes which can be purchased from the local market. Therefore
there will be no perceptibie effect on the forests. It is also proposed to dump alf the excavated

g material in the adjoining ravines or on slopes, 1o create terraced fields, which would then be
- planted with trees. This action will mitigate the effect of cutting and felling of trees in the Project
o - .
area, and on the other hand create additionai areas for planned forestation.
6.9.1 Livestock
A discharge of 200 I/s will be available in Daral Khwar downstream of weir for the use of live
stock, wildlife and inhabitants, usage even during the low flow period of winter. Pastures in the
area are also located beyond the reaches of the environment impact of the project. Thus there
- will be no adverse impact and no mitigation measure is needed.
B 6.9.2 Waste Disposal and Diseases

. The weir proposed for diversion near Arn is a low height structure of 2.5 m height, which will
create aimost negligible ponding. Thus there will be no health hazard posed from still water
pondage.

Vanous components of the project are situated at a considerable distance from the human
population and do not interfere with the solid ang liquid waste disposal system adopted locally.

i . B o SO it SO s S s B i
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Ohly about 50 houses downstream of the weir are releasing waste water into Daral Khwar. It is
proposed that proper sewerage system may be provided for these houses.

As also suggested in para 7.6 adequate provision is to be made in the Project estimates for
improving and exiending domestic water supply network and sewerage system in Bahrain
Town.

» Provision for Bahrain town water supply and sewerage system = Rs. 10.0 million.

Based on the present population of Bahrain Town a design population of 35,000 has been
adopted for water supply and sewerage system. It is envisaged that out of the total
population approximately 50% are affecting Daral Khwar which comes out 17,500 or 2,000
households. Based on experience, cost of providing a sewerage and water supply system
per household comes to Rs. 5,000/- per household.

Total Cost = 2,000x5,000= Rs. 10 Million.

+ Cost estimate of sewerage system of houses and village huts along the Daral Khwar
downstream of weir = Rs. 1.0 miliion.

Only about 50 houses will have to be provided with a proper sewerage system. Since these
households are spreadout cost for providing sewerage system to each would be higher i.e.,
approximately Rs. 20,000/-.

Total Cost = 50 x20,000 = Rs. 1 Million.

Disposal of Excavation Material

Spoil matenal, derived from the construction of dam, canal, tunnel, penstock, powerhouse,
tailrace etc. which is estimated at about 160,000 m3, will be dumped in ravines and on hill
slopes near the respective structures and close to the exit point of the tunnel, where ali the
muck from the tunnel can be disposed of. These dumps must be properly levelled and terraced
and eventually tumed into fields for growing crops. The slopes should be covered with grass for
stabilisation as well as grazing. Such dumps can also be used for planned forestation.

Cost of terracing and providing scil on 4 Ha area
at Rs. 0.31 million per Ha = Rs 1.24 Million.

The cost of terracing would be approximately Rs. 7.00/m® which includes the cost of
transportation of excavated material spreading and formation of terraces etc.

160,000 m* @ Rs. 7/ m® = Rs. 1,120,000/-
Plantation of trees etc., at 500 trees/Ha @ Rs. 50/tree = Rs. 100,000/-.
Retaining wall (gabion structure) = Rs. 20,000/-.

= Rs. 1.24 million.
Rehabilitation of Quarry Area 2 Ha
@ 0.15 mil. per Ha = Rs. 0.3 Million
Plantation of trees etc. Rs. 24700/- per hectare.
Drainage of quarry area Rs. 25,000/- per hectare.
Gabion structure Rs. 45,000/- per hectare.
Earth water Rs. 25,000/- per hectare.

Rs. 1,19,700/- per hectare
Rs. 0.15 million per hectare
Rs. 0.30 miltion.

n

For 2 hectare

[tH
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6.9.4 Conversion of Water Mills on Electricity

; To continue the operation of water mills, it is proposed to convert them to run these on
' electricity. The cost of conversion of existing two water mills wili be as under;

\ Cost of power transmission (service) Lines,
[ E electric motors and its accessories, couplings etc. Rs. 0.2 million
{ |- 6.9.5 Mitigation Cost
ELoo- A) INITIAL
] . Amount
! S.No. ITEMS {Mill)
i. Compensation of Trees. 0.20
[ h. Disposal of excavated matenal with land scaping and plantation. 1.24
[ il. Rehabilitation of Quarry with land scaping and piantation. 0.30
iv. Improving water supply & sewerage system of Bahrain Town. 10.00
[ 8 V. Providing sewerage disposal for the houses down stream of weir. 1.00
s~ vi. Cost of providing power transmission iines to the two water miils, 0.20
oo providing electric motors and couglings and other items for conversion.
§ Total 12.94
[ By B) ANNUAL
Amount
. S.No. ITEMS (Mill)
b i. Monitoring of quality of water in Daral Khwar 0.025

6.10 CONCLUSIONS

124187 5 -10/06/08 12:17 ! C\55-Daralword-doc

Hydel power is an environment friendly source of energy as it does not adversely affect the
quality of environment. Thermal power plants, due to emission of large quantities of CO;, SO;,

;f NO, and particulates are major source of atmospheric pollution. The estimated emission of

£ these pollutants from a 35 MW plant operating at 48% plant factor are given beiow.

g Fuel Coal Oil Gas ]
CO; emission in Kg 1.3x10° 1.02 x10° 0.7 x10° |

g . SO, emission in Kg 1.3 x10° 1,02 x10° <0.44x10° |

” f NO, emission in Kg 1.3 x10° 1.02 x10° <1.07 x10° |
Particulate emission in Kg 1.4 x10° 0.26 x10° <1.3x10° |

On the basis of the foregoing, the proposed High Head Hydropower Project in Swat would
create only minor disiocation and disturbance but it would be able to produce and transport
energy in an environmentally acceptable manner.

- The agricultural area affected is small, while only 45 trees would have to be cut and 1-2 Ha of
forest land affected. This, however, can be compensated by the afforestation Programme of
planting trees on terraced area created by deposit of excavated material from the tunnel and
around different structures, particularly in the new housing area for the project staff. The
structures are not going to affect any flora worth conserving. There are no game parks nor bird
sanctuaries in the area for protection of wildlife. The survey has shown that there will be littie
effect on the wildlife due to the construction of the project structures.

There are no archaeological and cuitural relics in the Project area which need conservation.

55-15-06 May-98 6-16
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The project will alter the water flow to some extent due to the diversion at Arn, but it will not
affect the hydrologicai feature in the short reach of Daral Khwar upto its outfaii, into Swat river.
The water rights and existing usage on the downstream of the diversion weir will be protected
and rest water needs as assessed, will always be released. The project will not change the
nutrient and sediment transport significantly, as storage at the diversion site is not envisaged in
this scheme.

The analysis has shown that the project will not alter in any way the risk of disease spreading
due to construction of the weir and tunneis. The health of people will not be affected.

The area has land, livestock, forest, water and some mineral resources but the construction of
the project will not affect the exploitation of these resources. The area is a tourist attraction and
the tounsts mostly travel along the road to Kalam valley but the visual impact of the small
Powerhouse building at Bahrain and the transmission line will not impair the background scenic
beauty. Attempt should however be made to keep aesthetics in view while designing the
Powerhouse building.

The overall impact of mitigation measures is tabulated on next pages.

IMPLEMENTATION AND MONITORING OF MITIGATION PROGRAMME

Being a medium size Hydel power project based on the run of river discharge, it has minimum
environmental ill effects. Still folowing aspects need monitoring;

1. Quality of water at the outfall of Daral Khwar may be observed during low discharge
period to ensure the effective implementation and that sewerage water is not thrown into
the stream. Also if the water is safe for domestic use.

2. Development of plantation over muck disposal area and quarry area may be monitored
annually.

Annual expenses on item ‘1’ including manpower and laboratory test charges will be
Rs.25,000/-. The job will be entrusted to local Public Health Department.

The item ‘2’ should be monitored by the Forest Department at no extra cost and the depariment
will have to be entrusted this responsibility

May-96 6-17
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OVERALL IMPACT OF MITIGATION MEASURES

Activities /Actions Affecting

Overall impact after Mitigation

S. No. Environment/Sccio-Economic Socio-Economic Mitigation Measures No Significant Negative Effect Significant | References
Conditions Effect | Small Moderate | Major | Positive
A. Environmental Problems Related to Project Location
1. | Disptacement! of People No displacement/ No mitigation measures required. X 8.1
disruyption of home and
livelihood.
2. | Encroachment into Precious Loss of ecological values | Good pianning and offsetting measures. X
Ecology
3. | Encroachment on Historical/ Loss of historica! / cultural | Good pianning and mitigation measures. X
Cuttural Values values,
4.1 Effect on Wildiife X 82
a Livestock Ecenomic ioss Careful planning plus mitigation x
measures,
b. Fisheries Economic loss -—do-—- X 8.2
B. Environmenlal Problems Refated to Design
1.] Waler Rights Conflict. Impairment of water Careful management of water and X 85
Supply and land values. guarantee of existing usage.
2. | Road Erosion Darnage to fand Careful planning and protective measures. x 88
3. | Excavated Material Possibie damage to Planned disposat and utilisation of X 84
Environment dumping area
4. | Construction of Tunnel Possible damage to Carefu! planning and disposal of X 84
environment excavated material.
5. | Weir, Sand trap, inlet Structure Loss of ecological values | Proper construction ptanning and disposal X 83
of construction material.
C. Environmental Problems Assoclated with Construction
1 | Construction hazards Loss of ecological vaiues | Proper construction planning & disposal of X 82
construction materiat.
a. Housing for workers e -~-—do —— X 89
b. quarying hazard (blasting & el (LR - do -~ X 853
hauling)
c. AirandNoise @ s do —-— ——d0 = 812
2 {Access Road Damage to environment, | Proper routing, construction/ environment 88
disptacement of people mitigation.
3.{ Tunnel Possible damage to Careful planning and disposal of X 84
Environment excavated material
4.| Transmission Line N [, QU Careful pianning X 810
Cont'd
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OVERALL IMPACT OF MITIGATION MEASURES
Activities /Actions Affecting Overall Impact after Mitigation
8 No. Environment/Socio-Economic Socio-Economic Mitigation Measures No Significant Negative Effect Significant | References
Conditions Effect Small Moderate Major | Posltlve
D. Environmental Problems Related to Project Operation
.| Downstream Flow Variation Disturbance to fish Practically no fish culture exists, however x 76877
culture/agriculture. promotion of aquaculture will be
attempted. Existing Rights on usage of
water to be guaranteed. .
.| Water Criented Disease Loss of ecological values | Proper construction planning and disposal X 768811
of construction material.
E. Potential Environmental Enhancement Measures
.| Infrastructure (Road) Improved transportation of | Construction of jeepable road from main X 813
goods, material & people. | road at Bahrain to the vitlage.
tmprovement in access of
tine departments
.| Rural Electrification Improve quaiity of life of Provide electricity to the locals al reduced X 812
rural people. cost.
.| Agricufture/F orestry Improve potential to Proper maintenance and operation of road X a1
market products and line and ptant additional trees along
commercialise wood project alignment
industry
.| Project Censtruction & Operatlion. |Increase permanent Give preference to local community in X 9.7
employment opportunity & |terms of unskilled labour and security
improve economic staff.
conditions.
.| Sewerage System improve quality of life with | Provide sewerage system to a number of x 931
decrease in water borne houses 832
diseases.

109loud jomodoipAH 1emyy teieq ~ Aoms Aipqises

19-00AHS) uonesado-09 (BoiUYI8 | UBWIBG-URISHES

{



s B ST i B i, I s
1908/8 14:52 - C.‘\PGTCF’\DaraI-Khwar\S&15:07.0-00 - 13

¥ x »
| S —

Feasibility Study — Daral Khwar Hydropower Project

Table of Contents

1. SUMMARY

2. THE POWER MARKET
3.  TOPOGRAPHY

4 HYDROLOGY

5 GEOLOGY

6. ENVIRONMENTAL IMPACT ASSESSMENT

7 SELECTION OF PLANT LAYOUT

8. HYDROPOWER DESIGN

9 TRANSPORT AND ACCESS FACILITIES
10. GRID INTERCONNECTION

11. COST ESTIMATES

12. ECONOMIC ANALYSIS

551507 May-898

Pakistan-Gaerman Technical Co-operation (SHYDO-GT2)

7-1



v
3

12/09/98 11:15 - C\PGTCP\Daral Khwar\55-15.07 JOC

E_."

Feasibility Study — Daral Khwar Hydropower Project

7.1

7.11

51507

Palstan-German Techmical Co-operaton (SHYDO-GTC)

SELECTION OF PLANT LAYOUT

Daral Khwar Hydropower Project was identified in 1989 / 1990 during the Inventory of
Hydropower Potential in the Region “Swat Valiey” (Region 4 of the Master Plan for Hydropower
Development in Northemn Areas in North West Frontier Province N.W.F.P / Pakistan).

The project was found to be the most suitable within Region 4 due to the favourable
topographical, hydrological and geological conditions and its near distance of the National Grid.

In order to take the maximum advantages of the site, various altematives have been studies
with variations in

- powerhouse location and type
- design discharge
- turbine type and number

Out of this altematives, the solution which fitted best in the present environmental, economical
and technical boarder conditions has been chosen. The basic proceeding of selection of
altemative, is presented in the flow chart (on the next page) the details can be studied in
Appendix 7 “Selection of Plant Layout™:

¢ Appendix 7.1
interim Report No. 1, May 1995
Preliminary Cost Assessment, Selection of Plant Layout

« Appendix 7.2

interim Report No. 2, September 1996

Preliminary Plant Dimensioning, General Data Review
« Appendix 7.3

Interim Report No. 1a, December 1996

Final Selection of Plant Layout

The finally chosen layout and design features can been seen in chapter 7.3 below.

STUDY OF ALTERNATIVE DESIGNS

According to the requirements of work to be carried out for the Feasibility Study, comparison of
altematives including preliminary cost assessment and optimisation of plant layout was
prepared as a first step.

in the lower section, the fiow direction of Daral Khwar has a bend before if flows into the Swat
River.

Bypassing the river bend with a tunnei through the mountain ridge between the two valleys it is
possible to use the favourable head conditions for a hydropower scheme.

Determination of altematives was performed by field reconnaissance during November 1994
after provision of basic data including topographical mapping.

Powerhouse Alternatives

Two altematives for powerhouse location were identified, these were:

s Powerhouse located at the right bank of Swat River.
« Powerhouse located at the left bank of Swat River.

The original identified scheme envisages the powerhouse on the right bank, however
anticipating foundation problems at right bank of Swat River (terrace deposits) an altemative on
left bank (outcropping rock) was identified and studied for cost (preliminary) comparisons.

The cost comparisons ruied out the left bank alternative.

May-96 7-2
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Feasibiity Study — Daral Khwar Hydropower Project

DARAL KHWAR HEPP
DEVELOPMENT OF FEASIBILITY STUDY

Pakistan-German Technical Co-operation (SHYDO-GT2Z)

IDENTIFICATION OF HYDROPOWER DEVELOPMENT POTENTIAL IN SWAT VALLEY

IDENTIFICATION OF DARAL KHWAR HEPP AND DECISION TO DEVELOP
THE PROJECT AS TO FEASIBILITY STAGE

+
TOPOGRAPHICAL SURVEY — TOPOGRAPHICAL REPORT
GEOLOGICAL GEOTECHNICAL INVESTIGATIONS ~ PRELIMINARY GEOLOGICAL REPORT
ENVIRONMENTAL SURVEY - PRELIMINARY ENVIRONMENTAL REPORT
DISCHARGE MEASUREMENTS - PRELIMINARY HYDROLOGICAL REPORT
GEOPHYSICAL INVESTIGATIONS — PRELIMINARY GEOPHYSICAL REPORT

4

DEFINITION OF MAIN ALTERNATIVES

POWERHOUSE AT RIGHT BANK OF SWAT RIVER POWERHOUSE AT LEFT BANK OF SWAT RIVER
Q=10m*s Q=15m¥s Q=20m’s Q=10m¥%s Q=15m¥s Q=20m%s
Q=30m’s Q=35m’s Q=30m% Q=35m¥s

PRELIMINARY COST ASSESSMENT FOR 10 ALTERNATIVES
OPTIMIZATION AND SELECTION OF PLANT LAYOUT

i

INTERIM REPORT NO. 1
PRELIMINARY COST ASSESSMENT AND SELECTION OF PLANT LAYOUT

POWERHOUSE AT RIGHT BANK OF SWAT RIVER, Q =10 m®s {10-25 m®/s)

4

PRELIMINARY PLANT LAYOUT ON THE BASIS OF SELECTED ALTERNATIVE AND PLANT LAYOUT

4

INTERIM REPORT NO. 2
DATA REVIEW AND PRELIMINARY PLANT DIMENSIONING

INTERIM REPORT NO. 1

TOPOGRAPHICAL SURVEY ENVIRONMENTAL REPORT

PRELIMINARY PLANT LAYOUT (FOR Q = 11 m%s) GEOLOGICAL REPORT, GEOPHYSICAL REPORT

4

INTERIM REPORT NO. 1a
FINAL SELECTION OF PLANT LAYOUT, Q = 15 m*s
(IMPROVED RESULTS OF GEOLOGICAL INVESTIGATION AND REVISED HYDROLOGICAL DATA)

4
INTERIM REPORT NO. 3
CONCEPTUAL DESIGN
OPTIMIZATION OF STRUCTURES AND SELECTION OF ALTERNATIVES
{
FINAL FEASIBILITY REPORT
FINAL TOPOGRAPHICAL REPORT HYDROPOWER DESIGN
FINAL GEOLOGICAL REPORT CIVIL DESIGN
FINAL HYDROLOGICAL REPORT MECHANICAL DESIGN
FINAL GEOPHYSICAL REPORT ELECTRICAL DESIGN
FINAL ENVIRONMENTAL REPORT COST ESTIMATE
TRANSPORT STUDY ECONOMICAL STUDY
TRANSMISSION LINE STUDY FINANCIAL STUDY

OTHER STUDIES

55-15-07 May-88
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7.1.2

55-1507

Design Discharge

Pakistan-German Technical Co-operation (SHYDO-GTC)

The preliminary optimisation of plant size was based upon the analysis of the following

options:-

The weir, located at approximately 1718 m.a.s.| was common to ail options. Discharges of 10
m®/s and higher required a weir with iateral intake. Width of the weir was 40 m, height of weir
depended upon discharge. Main weir features and chosen turbines for the design discharge of
the options are summarised below:

ischarge Q m’/s 10 15 20 30 35
EIGHT OF WEIR, IN 5.0 6.0 7.0 8.0 9.0
AX. OPERATIONAL LEVEL. 1723 1724 1725 1726 1727
ASL
Min. Operation level m.a.s.| 1722.50 1723.50 1724.50 1725.50 1726.50
epth of foundation in centre m 3.0 3.50 4.0 4.50 5.0
2 units 3 units 4 units 2 units 2 units
PELTON 3 jets each 3 jets each 3jets each 2 jets each 3 jets each
50m¥s | 5.0m¥s | 5.0m¥s | 25m¥s | 5.0m%s
2 units 2 units
FRANCIS each 12.5 | each 12.5
m/s m/s
Gross Head m 310 3N 312 329 330

Gravel spill and sand trap was common for all options. A lateral |ntake on the nght bank of
Daral Khwar was also common to all options. Design flood of 860 m%s was assumed to all
options. Selection of furbines was govemed by the fact that the scheme was to be on “run of
river” type with a minimum discharge of about 0.5 m%s. Two Pelton machines had to be added
in any case. The minimum water releases for environmental purposes was taken to be 100 U/s.
The cost estimates of the above mentioned options are summarised below:

HYDROPOWER PROJECT DARAL KHWAR/BAHAIN

POWERHOUSE AT RIGHT BANK OF SWAT RIVER

COMPLICATION OF PRELIMINARY COST ASSESSMENT

Alternative | Q desngn Grosshead Losses Nethead Capacity | Total Cost | Spec. Cost
(m lsL {m) (m) {m) (kW) 1000 US$ USS/kW
DAR10OR 10 310 11.08 208.92 24879 29700 1194
DAR15R 15 311 11.54 299 .46 37973 37875 1011
DAR20R 20 312 11.53 30047 50134 48270 963
DAR30R 30 329 12.15 316.85 77760 55153 711
DAR35R 35 330 12.15 317.85 90911 65709 688
POWERHOUSE AT LEFT BANK OF SWAT RIVER
Max Max. Totai
Alternative | Q desngn Gross head Losses Nethead Capacity Cost Spec. Cost
(m ’Is) (m) (m) (m) {kW) 1000 US$ USS/KW
DAR10OL 10 310 12.00 298.00 24802 31277 1261
DAR1SL 15 311 1211 298.89 37235 38054 1022
DAR20L 20 312 12.42 299 58 49984 50797 1016
DAR30L 30 329 13.08 315.92 77889 58046 749
DAR35L 35 330 13.09 316 91 80911 65709 723
May-98 74
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‘

The best design discharge (10 m™/s) with an output of 25 MW was determined on economic

parameters. Benefits were quantified on the basis of LRMC of capacity and energy. The results
of this analysis were:-

» Powerhouse on the ieft bank was ruled out due to higher costs.

+ No final decision about sizing could be taken as resuits were very sensitive to relatively
small changes in: cost; tariff; discount rate; and hydrology.

The decision was to keep pending the selection of optimal size until more precise information
were obtained. Subsequent data collection and analysis (presented in Appendix 7.3 Interim
Report No. 1a) established that -

Best design discharge was the 15 m*/s option for altemative on right bank
powerhouse with an output of approx. 35 MW.

Sensitivity analysis camied out indicated the decision to be robust and stable to variations of
cost, tariff, discount rale and discharge.

7.1.3 Data Review and Plant Dimensioning
. The Data Review (presented in Appendix 7.2 Interim Repert No. 2) reviewed the findings of
ol O Interim Report No. 1 and the new documents then available, namely:
.8 e Report on Engineering Geology, May 1996, Consolidated Engineering Services, CES
. Q
] S (PVT) LTD.
b  Draft Environmental Assessment, June 1998, Designmen Consulting Engineers (PVT)
8 LTD. Islamabad.
§ ¢ Report on Geophysical Prospection, August 1996, IGH Consulting Engineers, Dr. Muiioz,
! g Guatemala.
T:; Because no final Hydrological and Geological Reports were available at that time only a
: gj Preliminary Piant Dimensioning, based on the following general layout data, was carried oult:
fl &
|Gl
q Headrace water level Approx. 1723 m.a.s.|
© Max tailrace level Approx. 1413 m.a.s.i
L a3 Gross head ApPprox. 310 m
< Setting Approx. 2 m
o
e Losses Approx. 9 m
g g Net head ApPprox. 299 m
- | Design discharge 11 m’/s
Design capacity Approx. 28 Mw
[ The plant Dimensiconing main structure are:
- Weir with Laleral intake
D - Connection Tunnel with Gravel Spiiling Systems
- Sand trap (2 chambers)
~ Headrace canal (rectangular section)
" ‘. — Headrace tunnel and access tunnel
[ h - Surge Tank
. - Penstock Tunnel and Valve Chamber
. : - Embedded Penstock
EJ . . .~} Powerhouse with three Peiton turbine
T — Tailrace structure
. Finally it has to be mentioned that during the Data Review and Plant Dimensicning phase again
L no final decision about sizing could be taken. The 11 m"/s design discharge adopted for the
Plant Dimensioning was only a preliminary one.
.4
U 551507 May-9€ 7-5
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Feasibiity Study ~ Daral Khwar Hydropower Project

7.2

Pakistan-German Technical Co-operation (SHYDO-GTZ)

FINAL SELECTION OF PLANT LAYOUT
Reference: Interim Report No. 1a (Appendix 7.3, December 1996)

For better understanding a brief description of the procedure conceming the Final Selection of
Plant Layout is given.

In the very first study of Daral Khwar' (identification study) a design discharge of 10 m’/s was
selected to give comparable data with other schemes within Swat Valley In the stage of intenm
Report No. 1 (Appendix 7.1, May 95) a design discharges between 10 m*/s and 35 m>/s and an
altemnative location of the powerhouse on the left bank of Swat River were mvestlgated The
result of this Interim Report No. 1 was, that the best design discharge was 10 m>/s. However, a
sensitive analysis showed, that thls result was quite unstable and no final decision could be
made. The range between 10 m*s and 25 m*/s had to be kept in mind in the meanwhile. The
location of the powerhouse site could be fixed on the right side of Swat River in this stage.

Following the results of Interim Report No. 1 in a next step a preliminary plant dimensioning
was done, to give all the participants an idea of the dimensioning and the design of the power
plant. 30 m*s and a net-head of about 300 m required a layout with 3 horizontal Pehon-
turbines. As 3-Pelton-turbines with the same revolution (375 rpm) can operate with 11 ms (in
total) within Interim Report No.2 11 m’/s was selected as design discharge, keeping in mind,
that this could be changed later.

Due to the fact that it was not possible to define the optimum design discharge in the Interim
Report No. 1 — May 1995 an update of this report became necessary.

The Interim Report No. 1a therefore presents the final selection of the design discharge, made
upon the basis of rough layouts for the defined altematives. The optimisation with impact of
economic evaluation parameters, updated hydrological data of Daral Khwar, updated cost
estimation on the basis of geological investigations and environmental aspects was the basis
for working out the Feasibility Study for final determination of main project features.

A compilation of the results of the cost estimate for the defined altematives is shown below:
HYDROPOWER PROJECT DARAL KHWAR/BAHRAIN

COMPILATION OF COST ASSESSMENT
FOR FINAL SELECTION OF PLANT LAYOUT

Altemative | Q design | Grosshead | Losses | Nethead | Capacity | Total cost | Spec. Cost

{(m>/s)

{m)

(m)

(m)

(kW)

1000 USS

(USS/kW)

DAR10R
DAR15SR

10
15

310
311

11.08
11.54

298.92
299 .46
300.47

24879
37973
50134

32455
40850
50941

1305
1076
1016

DAR20R 20 312 11.53

To find out the optimum size of the plant layout, the same method was used, which was used
for Interim Report No. 1, May 1995,

The result of the Interim Report No. 1a was, that the best final layout of Daral Khwar
Hydropower Scheme is a design discharge of 15 m *s with an output of approx. 35 MW,

ldentification of Hydropower Development Potential in Swat Valey. GTZ/SHYDC

S5-15-07

May-98 7-6
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7.3
7.31

551507

Pakistan-German Technical Co-operation (SHYDO-GTZ)

COMPILATION OF SALIENT LAYOUT AND DESIGN FEATURES

Compilation of Main Structures

River Dara! Khwar N
Catchment area at weir site 250 km-
Mean annual discharge 10.76 m’fs
Totai annual flow 240.9 Miom®

Details of Main Structures

Weir Structure Type Fixed sill
Height above riverbed 25 m
Depth below river bed approx. 65 m
4 overfiow sections each 8 m wide
1 flushing section 4 mwide
Length of weir structure 17 m
Width of weir structure 48 m
Design flood (100y - fiood) 640 m’/s
Intake Type Lateral Intake
4 sections each 2.6 m wide
Stoplog pockets
Coarse rack
Spilling section with gate
Intake gate
Connection Tunnel Height 500 m
Width 400 m
Cross Section 17.13 m’
Length without Gravel Sp. approx. 28 m
Gravel Spill Height 6.00 m
Width 400 m
Cross Section 19.25 m’
Length 30 m
Flushing Gate
Sandtrap No of chambers 2
effective height each 6.25 m
clear width per chamber 500 m
total width of sandtrap 1340 m
effective length 40 m
total length approx. 80 m
overflow section
inlel gates
flushing gates
fine rack
outlet gales
spilling canal
Headrace Canal Height, intemal 340 m
Width, intemal 250 m
Cross Section 8.50 m’
Length approx. 41 m
Headrace Tunnel Type of Cross Section Horse Shoe
Height 330 m
Width 300 m
Cross Section 8.34 m'
Length from portal io Surge Tank 3,044 m
Slope 05 %
Storage Volume 26,000 m"
May-96 7-8
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551507

Surge Tank

Penstock Tunnel

Vaive Chamber

Embedded Penstock

Road Crossing Structure

Powerhouse

Tailrace

Hydro Mechanical Equipment

Electrical Equipment

Patistan-Germnan Techmical Co-operabon (SHYDO-GTZ)

Type

intemal diameter
Cross Section
Height

Height 3.05

Width

Cross Section

Length

Penstock Pipe diameter

Width

Length

Height (above ground)
Depth (below ground)
Emergency Vaive dia
Maintenance Valve dia
Crane - Capacity

Diameter

Length

Width  approx.

Length approx.

Hetght approx.

Type Extemnal

Depth below machine hall floor
Machine hall: Length

Width
Height above machine hall floor
Total length of Powerhouse
Total width of Powerhouse
Total height of Powerhouse

Cascade type, No of units
Width (Francis/Peiton)
Height approx.

Length

Francis Turbines vertical shaft
Speed

Net head

Discharge per unit

Pelton Turbine horizontal shaft
speed

Net head

Discharge per unit

Total turbine discharge

Generators for Francis turbines (No. of units)

Speed
Capacity

Generator for Pelton turbine (No. of unit)

Speed
Capacity

2 Main Transformers
Switchgear

May-98

Shatt
12.00
113.10
30

m
4.40
15.02
50
2.00

13
11

2.00
840

5.2
9.6
13.4

10.7
30.4
16.5
15.7
34.4
29.6
26.4

3
3.25/1.40
8

15.9

2
1000
293.3
6.25

1
500
290.7
2.5
15

2
1000
18

1
500
7.5

11132
132

33 3333333 3333 333

333

3333333

rpm
MVA

rpm
MVA

kVA
kV
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7.3.2 Power and Energy

i Design Discharge 2 Francis (6.25 m°/s each) 12.5 m’ss
. 1 Pelton 25 ms
} Total 15.0 m’s

- Operation Guideline Stop of generation, flushing section open
during periods Q> 50 m%s: approx. 1 %
) - Minimum rest water 200 ¥s
f | %age of spilling water when Q> 10 m*/s: 10 %
t Annual Turbine run-off 222 Mio.m®
Fl Head Headrace water level 1,723.0 m asl
4 Mean tailrace water level 1,405.0 m asl
Gross head 318 m
Losses (at Quesign = 15 m’/s) 1414 m
Lost head Francis Units 10.28 m
Pelton Unit 1286 m
k- ® Net head Francis Units 293.27 m
) Pelton Unit 29069 m
.
. Energy output Francis Units 29.2 MW
Pelton Unit 58 MW
Power Factor 0.48
Mean annual energy 148 GWh

7.3.2.1 Graphic Net Head per Month

o
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Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

7.3.2.2 Graphic Operation Discharge Duration Curve
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7.3.2.3 Graphic Daily Productive Cycle, Month wise
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7.3.2.4 Graphic Energy per Month and Accumulated
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7.3.2.5 Graphic Economic Benefit Monthly and Accumulated
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HYDROPOWER DESIGN

The engineering design of the project covers the following main sections:

Civil Works Design
Hydraulic Steel Structures
Hydromechanical Equipment
Electrical Equipment

Construction

May-98

Pakistan-German Technical Co-operation (SHYDO-GTZ)
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CIVIL WORKS DESIGN

References:  Appendix 8, Hydraulic and Static Pre-calculations.
Main Report Volume 2, Drawings

Based on the results of previous studies, which have been discussed under Chapter 7, the
altemative for design discharge of 15 m’/s and the Powerhouse on the right bank of Swat River
has been adopted for the Feasibility Design.

Since the basic solution of the hydropower project is now defined, design of the main structures
is subjected to comparative evaluation in terms of economy, engineering and geology.

The civil design compnises the power plant componenis grouped as follows:

*+ Weir
+ Conduit System
+ Powerhouse

Weir
The valley of Daral Khwar is comparatively narrow and it was not considered practicable to
design a reservoir, which can be used for storage purposes.

During operation the maximum depth of water at the weir upstream side will be 2.3 m.

The access road from BAHRAIN town to the weir site is under construction. The energy supply
for the area is intended to be provided by an 11 kV transmission line from BAHRAIN town. The
transformer 11 kV/0.4 kV is accommodated in the operation building at the downstream end of
the sandtrap.

Location
The most suitabie location for siting the weir in the gorge has been fixed near the village ARIN
just upstream of an existing footbridge.

The width of the original riverbed in this area varies from & m (at the abutments of the
footbridge) to 30 m (some 50 m upstream).

The natural descent of Daral Khwar near Arin is approx. 6.5 %.

Study of Alternative Weir Types

As part of the study, several different weir types, needed tc give an operation water level of
1723.3 m a.s.l, were compared namely:

+ Tyrolean
+ Weir with gates
¢ Fixed sill

The evaluation method for comparison considered the following criteria:

» Topography
+ Geology
» Flood control

Apart from foundation aspects, an important factor to be considered is the flushing requirement
for the retained water 10 avoid silting up or blocking of the area in front of the intake structure.

For using of a Tyrolean weir the design discharge is to high. A weir with gates creates problems
with the blocked sediment transport. The higher storage level will mean more water losses
through the high permeable soil. Gates might cause safety problems in case of high floods
because opening of the gates needs energy and must be done in a proper way. With the fixed
sill type one can avoid or at least decrease the problems caused with the other weir types.

May-08 8.1-1
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The fixed sill weir type therefore was recommended as the basis for the Feasibility Design.

Engineering Geological Aspects

Most of the valley slopes around Arin village are steep and strewn with boulders, although
some sections of Daral Khwar itself are wider and flat, and filled with alluvial deposits. The weir
site proper was chosen in the vicinity of an existing wooden bridge, where a steep norite
outcrop on the night bank forms a narrow gap; the Daral water partly undercuts the cliff, on top
of which some houses are located. Directly opposite the huge boulder-like cliff, slope deposits
covering the bedrock, belong to the “Bahrain Pyroxene Granulite”, and are exposed for some
dekameter higher up along the left slope.

The bedrock outcrop is evident within 20 m of the river extending some distance upstream,; for
this reason the weir axis has been defined to run diagonal to the river course in the initial
stages of the invesligation. The left bank upstream section appears to have much less gravel
cover, as Borehole DW3 reached bedrock at 20.10 m only, while DW1 encountered rock at
26.50m.

The left abutment of the 48 m long weir, also that of the access bridge downstream of this line
will meet less favourable conditions where excavation and foundations are concemed. it may
be that the weir at the left abutment will have to be lengthened towards the siope so as to found

the structure in bedrock; this applies particularty to the downstream part of it in the area of the
sharp tum of the access road.

The flushing section as well as the long overflow sections of the weir have to be founded on
river deposits, consisting of fine to coarse graveis. Excavation of a few metres depth should be
possible without blasting. Heavy blocks may need special treatment, but pop-shooting should
be avoided so as not to increase the aiready unfavourable permeability conditions. Beneath the
main concrete structure of the weir, bridge piers and stilling basin, a level regulating lean
concrete slab may become necessary. Upstream of the river deposits, a long percolation path
of seeping water will be established by means of a foil blanket.

Downstreamn of the weir (overfiow section), a heavy riprap will be installed which may be
embedded in mortar or concrete. At the downstream end of the stilling basin structure a
concrete sill across the vailey will stabilize the construction, and prevent scour.

Weir Design

After selection of the fixed sill type as weir structure, the design criteria for the following are
discussed

» River diversion
s Flood control

A hydraulic model test for the weir structure demonstrating performance under flood conditions,

during flushing and characteristics of intake are recommended before the final design is
completed.

s River diversion during construction

During construction of the weir the possibility of a 10 year flood (395 m%s) has to be

accommodated. Flood values have been determined in the Hydrological Report/December
1996.

It is considered that the erection of the weir, intake structure and by-pass tunnel will have to
be done in at least three stages.

In the first stage two (of the four) overflow sections at the left bank are construcied (without
the crest of the weir, which will be done later). The excavation has to be protected by
cofferdams consisting of steel sheet piles braced by steel beams connected by steel bar.

The short earthfill cofferdams will be covered by pitching and extend to the slopes of the
valley.

The remaining river-cross section will be used for flood relief.

May-96 8.1-2
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During the second stage, the flushing section, intake structure and by-pass funne! at the
right bank will be constructed. The exposed foundations will need to be protected in the
same way as the described for the first stage.

The remaining central section between the two cofferdam should be sufficient to
accommodate any flood during this period in foreseen flood relief.

In the third step, the longitudinal sheet pile walls are removed and the central two overflow
sections excavated and concreted. Upstream the excavation will be protected by a steel-
sheet-pile cofferdam, and downstream by a steel-sheet-pile cofferdam combined with an
earthfill cofferdam. Any flood will be passed through the overflow sections on the lefl bank
and via the by-pass tunnel on the right bank.

Finally the crest section of the overflow structure at the left bank will be completed. This can
take place during a low flow - period or protected by steel sheet piles.

Flood control
For this task there are no gates nor sluices required, because the structure will simply act
like a sill of 2.5 m height in the Khwar.

The overflow part of the weir consists of four sections each 8 m wide. For flood control the
4.0 m wide flushing section is assumed to be not available (blocked gate).

The inclination of the upstream wall is selected at 1.5:1 in order to guarantee sediment
transport during high floods. The height of the weir above the riverbed is 2.5 m, giving a top
of sill elevation of 1723.5 m asl.

The shape of the weir crest is parabolic in order to avoid underpressure. Assuming a
velocity of 6.4 m/s the resulting equation is:

Yi=0.12xXi®  where x and y are the dimensions
in the horizontal and vertical directions.

At times of high flood the flow is super-critical, the weir becomes submerged and there in no
stifling basin is required.

Excavation and foundations

The required valley width for piacement of the weir structure will need extensive excavation
on both flanks of Daral Khwar. The final inclinations are proposed to be a maximum of 2:1,
a masonry retaining wall will be necessary to protect the slopes against erosion parlicularly
downstream.

Excavation for the central section of weir structure will be in alluvium and not reach
bedrock. However both abutments wili reach or at least be near to the bedrock with their
foundation.

At the upstream part a 2 m wide by 3 m high {1714.5 m asl) concrete beam is designed,
acting as a cut-off wall.

Concrete placement

All parts of the structure will be placed as reinforced concrete.

The crest of the overflow sections and the flushing section will be equipped with steel
protection. The lower, downstream part of the overflow sections will be covered by stone
pavement.

The concrete will be produced in a local concrete factory. The aggregates will consist of
prepared material obtained from the excavations or from tunneling.

May-98 8.1-3
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Laboratory iests are necessary to determine the specifications for aggregates, cement,

cement content, water content elc. as required for an easily workable and waterlight
concrete BN 25.

During concrete production and placement, concrete testing and cement qualification tests
in a site laboratory will be necessary.

Upstream blanket

An upstream blanket will be necessary o ensure a long percoiation path. Its exact length will
depend on the permeability of the river deposits, but may be at least 30 m. The final length
of the blanket has to be decided during construction, when the exact values for pemmeability
has been determined by soil investigation and soil tests.

A geoplastic foil will be placed on a sandbed and covered by a geotextile membrane,
covered by sand and gravel bedding layers and finally the bianket will be protected by
nprap, bedded in monrtar.
Downstream protection

Approximately 45 m downstream of the weir, a concrete endsill is foreseen. Between this
and the weir heavy riprap with a minimum diameter of 1.4 m, connected with heavy
reinforcement bars and fixed to the weir/endsill is required.

Downstream of the endsili a further 10 m of riprap is necessary to preveni scour and
possible regression.

Weir bridge

The access road from Bahrain will be on the left bank of the Khwar. It is therefore proposed

to erect a bridge over the Khwar to reach the Intake, Gravel Spili, Sandirap etc on the right
bank.

The bridge will comprise of steel beamn sub-structure, with timber decking 3.5 m wide.

Auxiliary equipment

The required auxiliary equipment comprises the following:

* Flushing gate, 2 sections each 2.5 m high by 4 m wide, - hydraulic operation
= Stop log pockets in front of the flushing gate

= Electrical equipment

~ power supply

- hydrautic pumps

— lighting

— hydrograph of the river water level fluctuations at the intake
- telecom equipment

8.1.2 Conduit System

l The conduit system of Daral Khwar Hydropower Project, from weir to powerhouse consists of
. the following structures:

| S —
e & ® 9 ¢ o e &

5515081

Intake

Connection Tunnel including Grave! Spill Structure

Sandtrap

Headrace Canal

Headrace Tunnel ang Access Tunnel

Surge Tank

Penstock Tunnel

Valve Chamber

Embedded Penstock and Road Crossing Structure

May-98 8.1-4
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8.1.21 Intake
H The fateral intake is located directly beside the flushing section of the weir with an inclination of
& 4 %. L forms an integral part of the combined concrete structure.
P in order to prevent inflow of bedload into the conduit system, an intake sill will be * m above of
' the inclined underside of the flushing section. The sill will thus be stepped.
é L.
The intake opening is divided inio two by means of a concrete dividing wall, thereby reducing
E - the spans for the concrete structures. These sections are then further split into two halves in
H order to reduce the span of the stop logs. The intake therefore has four seclions, each 2.6 m
wide.

The height of the opening varies between 1.1 and 2.0 m.

—y

Each opening is equipped with a trash-rack. The combined area of all sections is 16 m".
Stoplog pockets are provided in front of the trashracks to facititate maintenance and repair.

An additional spilling section is proposed directly beyond the intake front wall in the form of a
groove 1 m wide by 1 m deep. This leads to a canal, about 2 m high and then heads into the
weir-flushing section. It is equipped with a spilling gate 1 m wide and 2 m high hand-driven.
This gate will also be used for passing the rest water of 200 I/s to the Khwar.

The intake chamber is some 14.3 m long, its end equipped with the intake gate 4 m wide by
3.25 m high, hydraulic operated.

In front of the spilling gate and in front of the intake gate there are manholes with chequered
plate covers provided. Immediately downstream of the intake gate there is a manhole placed
with grating cover for ventitation purpose.

Access to the intake will be via the weir bridge.

The intake is designed to be closed in times of high flow in Daral Khwar in order to avoid
excessive sediment inflow. This will also avoid damage to the conduit system and protect the
hydromechanical equipment. The limit of 50 m’/s for operation wilt be checked by the model
test, but ultimately, monitoring during subsequent years of operation will indicate the level more
precisely.

8.1.2.2 Connection Tunnel

19/09/98 14:34 - C:PGTCP\DaraI—Khwar\SS15081.dolc -25

» Engineering Geological Aspects

The 58 m long free-flow tunnel between weir/intake and sandtrap will serve also as a gravel
spill system. The tunnel will be excavated using drilling and blasting technique due to its
small length and differing cross sections. Rock condition is good, and no unusual difficulty is
assumed. Borehole DT1A showed no groundwater, so drainage will not be necessary in this
short tunnel.

Stability is expected to be favourable; rock class according to LAUFFER, are anticipated,
ranging between A and C. The inlet and outlet portals have been pre-fixed in a range of 10
m, within which the portals proper can be located and decided by the Engineer on site.
Sliding can be excluded, safely measures will be minimal, ie typical of tunnels in sound
rock.

Longitudinal Section

The tunnel has an inclination of 3 %, the upstream part (28 m long) serves as a by-pass
whilst the downstream section, 30 m fong, will atso be used as the gravel spill structure.

s Cross-section

Both parts are of horse-shoe type. The ug)stream pant will have a height of 5 m by 4 m wide,
with an intemal cross-section of 17.1 m°. For the downstream pan, respective figures are:

55-15.081 May-98 8.1-5
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6 m high by 4 m wide, 19.3 m" cross-section. The whole tunnel will be concrete lined
minimum 20 cm thick.

— ey

» Gravel Spill Section
The downstream part of the tunnel will be equipped with a flushing gate, 1 m wide by 2 m

U ' high.

Upstream of the gate a manhole with chequered plate cover will enable access. Beyond i,
] - the 10 m long flushing canal leads to the Khwar. Botiom levei of the fiushing opening is
| 1717.5 m asl. Main opening at the end of the tunnel has an invert level of 1720.7 m asl
ieading to the sandtrap.

g

U . 8.1.2.3 Sandtrap
+ Engineering Geological Aspects

) The 2-chamber sandtrap will have an active length each of 40 m, a total length of 90 m
[J including the gravei flushing gates and operation building. They are founded on river and
slope deposits respectively. Being located at the very foot of the slope, excavation will be in
loose gravel from sand through to boulder size. During summer, which is the wet season,
high water levels are possible associated with the Daral Khwar. Small seepage quantities
may occur at the hill side, requiring some drainage measures along the slope side chamber
wall. The need for drainage culverts will be decided during construction. Heavy protection
measures (riprap) on the river side is mandatory to protect against high floods. Safety
measures along the siope will depend on the excavation depth at the foot of the slope. For
stabilisation, gabions can be used if necessary.

e
[ e—

» Layout
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The sandtrap is designed for removal of all grains larger than 0.3 mm during periods of full
discharge. The calculation results in the following necessary values for a two chamber type:

width for each chamber 500m
effective depth 6.25m
effective length 40.60 m

« Longitudinal Section

in the first part the width is increased from 4 m, at the end of the Gravel Spill to 11'm
(intemal) at the beginning of the chambers. In this part the access road to the operation
building is crossing the structure. The 23 m long section houses the overflow section
comprising 3 openings each 3.5 m long and 0.9 m high.

s S sl o

The overfiow section slopes down to the Khwar and should be protected in this area by
stone-pitching.

rm

The second section is the 9 m long ramp inclined down 1:1.8 necessary to meet the required
depth of the sandtrap. This part should be eguipped with a stilling rack or simitar energy
reducing device.

The third section comprises the 40 m long trapping section itself. The invert in this part has
an longitudinal inclination of 4 % and the edges should be chamfered. The total height of the
structure ranges between 10 and 12 m, while the width of the structure here is 13.4 m.

Finally a 17 m long section houses the two flushing gates, each 1 m wide by 1.8 m high, and
the fine racks. It is possible o install a Rack Cleaning Machine if it transpires after several
years operation that there is a need. The botiom level of the fine racks is 1720 m asl and in
this part the intemal width is decreasing from 11 m to 2.5 m at the beginning of the
Headrace Canal. At the very end of the structure there is a large manhole for maintenance
works in the conduit system. This manhole will be covered by grating for ventilation
purposes.

5515081 May-98 8.1-6
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At the downstream end of the trapping section a combined flushing canal 1 m wide, 1.8 m
high concrete structure foliowed by an open flushing canal, 2 m wide with stone pitching,
b leads to the Khwar.

¢ Auxiliary equipment

,--.“

The required auxiliary equipment for the sandtrap is listed as follows:
= 2Iniet gates, 5 m wide, 2.8 m high - hydrauiic

o * 2 Fine Racks, 5 m wide, 2.6 m high, 70° inclined

* 2 Outlet gates, 4m wide, 3.2 m high - hydraulic

« 2 Flushing gates, 1 m wide, 1.8 m high - hand driven

l : * Optional: rack cleaning machine

* Electrical equipment comprising:

i - power supply

~ emergency diesel generator
~ hydraulic pump

lighting

~ telecom equipment

- transformer 11 kV/0.4 kV

The electrical equipment as well as the flushing and outlet gates and the fine racks
(including optional RCM) will be housed by the operating building. This will be some 16 m by
12 m long, and 10 m high. It will also be used as storage facility in the area.

,..,....——

k__.___,
|
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8.1.2.4 Headrace Canal
 Engineering Geological Aspects

The headrace canal between sandtrap and tunnel porta! will be a concrete culvert structure,
backfill with gravel material. No particular difficulty conceming excavation and foundation is
anticipated. During the construction peniod, some temporary safety measures along the
slope side are recommended to safeguard against sliding, particularly towards the portal
area with its higher and steeper slopes.

e Structural Design

A 41 m long headrace canal is necessary to bridge the gap between the sandtrap and the
portal of the headrace tunnel. The concrete structure has been designed with a width of 2.5
m a hight of 3.4 m, inclined at 0.5 % and covered by 1.8 m backfill. The last few metres
take the form of a venture pipe in order to meet the horseshoe shaped cross section of the
headrace tunnel.

19/69/38 14 30 - C WPGTCP\Daral-Khwar\55-15-081.doc - 25

8.1.2.5 Headrace Tunnel from Intake Area to Surge tank
+ Alignment - Longitudinal Profile

The alignment of the headrace tunnel from the Intake area at Daral Khwar to the surge tank
in Swat Valley is a traverse running from Dara! Khwar in a general north west - south east
direction to the surge structure.

The tota! length of the headrace tunnel from the portal at the intake area to the surge shaft
axis is 3043.7 m.

According to the elevation 1716.8 m at the upstream porta! and 1701.8 at the surge tank the
gradient of the tunnei is approximately 0.5 percemt. This inclination was selected in
accordance with operation conditions for using the tunnel volume as a short time storage.

The maximum cover of the headrace tunnel was determined from the map 1: 10,000 to be
approximately 600 m. Due to the poor guality of the available map this value is not reliable
and might easily be some 200 m more.

5515081 May-98 8.1-7
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A 115 m long access tunnel will connect the headrace tunnef with the access road, from the
main road Madyan - Bahrain, partly via an existing forest road. The clearance for the
conventional driving will be the same as for the headrace tunnel itself (without inner lining).
For the TBM heading option, the clearance should be much wider (4.5 m high and 4.6 m
wide), dictated by transport requirements (transport of the TBM equipment). The access
tunnel itself will most likely be by conventional driving.

The access gallery and some 200 m of the headrace tunne! shouid be driven relatively early
so that the geological parameters for the final location and design of the surge tank and
penstock tunnel can be determined.

The access tunnel will serve as an exploration adit at the same time. A new road of
approximately 1.5 km length will have to be constructed from the existing forest road to
Kulban, which itself will need to be improved. The beginning of this forest road is at the
main road Madyan - Bahrain. The maximum gradient of the new road should be less than
10 percent.

Excavating the road, steep and partly rocky siopes, with smaller talus cones and screes will
have to be crossed, resulting in some difficult excavation, and calling for retaining walls and
other stabilising measures.

Cross section (Internal Diameter)

Several optimization analyses were carried out to determine the most economical tunnel
cross-section. The annual cost of energy losses in the power tunnel corresponding to
different diameters was compared with the annual cost of the tunnel evaluated with a capital
recovery factor. The storage aspect of the tunnel was also considered. The tunnel diameter
Is seen to be most economical where the sum total of the annual cost of the tunnel plus the
cost of the energy losses is smallest. This results in an optimal intemal tunnel diameter of
3.25 m, giving a rated discharge of 15 m?s for the 3 turbines.

The discharge section is 8.43 m* (horse shoe profile) and the resulting flow velocity of
approximately 1.8 mv/s at full load (15 m3/s) is within the range allowed for concrete lined
tunnels. in case a TBM is to be used, the excavation diameter is fixed at 3.9 m and the
intemal diameter will depend finally on the support requirements. This results in intemal
diameters ranging between 3.20 and 3.40 (66 % will be 3.4 m).

General Engineering Geological Aspects

No rock mechanical investigation results are available on which a decision can be made,
whether to head the tunnel with a TBM or conventionally. According to the general
geological conditions conceming structure, age, and petrography, it seems to be quite
possible to use a TBM for heading works. At least this question should be left open until
results from rock mechanic investigations in connection with the surge tank area are
available.

The rock classification applied for the headrace tunnel was chosen according to
LAUFFER. The basic criterion for these rock classes are the “bridging time®, i.e. the time
which elapses before the tunnel starts to deform, and the width of the span; the wider the
cavity of course, the shorter the bridging time. Six rock classes have been defined for the
main (upstream) part of the headrace tunnel, the seventh (“G") will not be applied.
Sediments such as talus cone, scree, alluvial or terrace materials will not occur in this
section of tunnel alignment. It is self-evident that the condition of the rock mass and its
“bridging time" influences also the type and quality of the heading works, particularly in the
case of conventional heading. In addition the petroiogical conditions and the structural
behaviour of the rock mass will also cause a certain difference.

Summarising, the following figures below were assumed for the 2869.2 m long upstream
part of the tunnel from the inlet porlal to the area below borehole No DT 4.

May-96 8.1-8
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For the 174.5 m long part between DT4 and the axis of the surge structure, the foliowing
rock classes have been assumed, assuming the likelihood of worse rock conditions in
connection with the so-called main “sheared zone" and the minor fault zones in this area.

Rock Upstream Part Downstream Parl Total
Classess % M % m % m

A/B 70 2008 4 0 0 66.0 2008 4
C 20 5738 10 17.5 194 5913
D 6 172.2 60 104.7 9.1 276.9
E 3 86.0 20 349 4.0 120.9
F 1 287 10 17.5 15 465

Total 100 2869.2 100 174.5 100.0 3043.7

As the whole headrace tunnel has to be lined, the “inner shell” support censists of minimum
20 cm thick concrete lining irrespective of the rock class and differing strengths of the “outer
shell”.

Finally, the PRIMARY ROCK STRESSES should be mentioned, the effect of which can be
both positive and negative, according to the thickness of the overlying rock mass, and
according to the tectonic history of the mountain. In the case of Daral Khwar, only relatively
minor primary stresses are expected, due to the seismic activilies in the past, together with
the narrow mountain ridge, where most stresses should have been released already by the
long geologicai history (seismicity, exposure of narrow mountain ridge, erosion). Moreover,
only 700 m of maximum rock cover are expected.

Heading method
The dimensions, length of headrace tunnel and the petrographical conditions render
possible both the conventional type of heading and TBM-techniques.

The application of TBM is not likely for a gallery of this diameter and length in this region,
but the tender documents should allow the Contractor the option of using either method.

A final decision can only be made after technical and cost comparisons on the basis of
various offers are received, with additional consideration of the Contractors’ own
experiences. Both methods are described in the following items.

Typical cross-sections for different rock classes are based on using the TBM as well as
conventional heading. For other drawings (layout drawings, sections, etc.) mainly the
conventional heading was assumed. In case of TBM application these drawings might need
slight adaptations. The general design will not change.

Conventional Heading Method

In the following, most of the discussions conceming engineering geology apply to the
conventional method, but will also be relevan! for TBM driving.

The main concept of modem tunnelling (New Austrian Tunnelling Method - NATM) is to
aclivate a zone of the rock mass surrounding the excavated cavity, considering il as a
“bearing ring" thereby becoming part of the construction system rock and lining. In doing so,
four important principles should be observed:

= consideralion of the geological rock mass behaviour;

= evidence of unfavourable status of stress and strain by applying appropriate support
measures in due time;

= optimisation of the support resistance in relation to tolerable deformations;
= control /checking by measurements of deformations.

May-98 8.1-9
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The heading of a tunnel, therefore, has to be understood as a composite construction
consisting of rock mass on the one hand and support elements on the other. The relaxation
of the rock necessarily results in an increasing convergence of the tunnel, i.e. movements
towards the cavity. This deformation process needs time to develop, the length of which
depends on the rock quality (“bridging time” according to LAUFFER).

Support measures have to be carmied out in direct relationship to the actual rock properties
and in such a way that they become active, before any critical movements take place.
Support measures must be carried out in due time and in consideration of the relaxation
behaviour of the rock.

Heading will be done in accordance with the fundamental pririciples of shotcrete methods.
thus maintaining the natural rock bearing capacity as far as possibie. To avoid excessive
locsening, and reduce the damage of the surrounding rock mass, badly needed as part of
the “bearing ring”, and to minimise overbreak, the excavation should be carried out by
parallel borehole driling and milli-second blasting. A larger hole in the centre of 10to 15 m
length in advance would create both a cut for blasting and provide advance information of
the geological conditions eg petrography, faults, and presence of water, etc. The *smooth”
excavation method proposed has many parameters conceming length of rounds, pre-
splitting, number and pattem of boreholes, muck size, abrasion of core bits, and overbreak.
Al of them depend on the rock type and its stability, ie the classification of the actual rock;
standard cross sections will be discussed in connection with the supponts. In other words, the
type of heading is directly dependent on the rock class.

For calculation purposes, it is assumed that necessary support measures are applied
immediately after excavation corresponding to the rock class. The explosives correspond in
type and quality to meet the demands of careful rock mass excavation. As driving method
and lining measures depend on the type of rock and on the rock classification respectively,
both may have to be changed every now and then.

After mucking-out with loader and dumper, the tunnel floor should be levelled; possible
water - ingress has to be drained and ventilation instalied, if necessary. The floor concrete
can be placed weekly in order not to interrupt the heading works more than necessary,
sufficiently frequently ariyway prevent the floor from being damaged.

During heading, the rock mass has to be classified in order to define the quality of heading
and the quantity of supports.

Although large quantities of water are not expected, drainage measures should not be
excluded. While drilling, water always has to be drained, natural groundwater, pouring in
through joints, is expected only in the vicinity of the portals, where the rock cover is
relatively limited - to some dekametres.

Theoretically, water pockets and local inflows are aiways possible, particularly in the
neighbourhood of fault zones (impermeable Jayers) or in sections with small rock cover.
Independently from its source, the water must be collected as near to its occurrence as
possible to avoid softening of the rock, especially in the tunnei floor. The collected water is
drained by a ditch along the bench, if heading is done from bottom to top. In case of falling
heading, dewatering requires pump sumps and pumping by means of sludge pumps,
regulated by the water level automatically.

Low inflows or dropping water can be sealed by shotcrete layers of 3 to 5 cm only (grain size
up to 4 mm, 400 to 500 kg/m3 of cement, 5 to 10 % accelerator agent). Static water
pressure behind sholicrete layers can be avoided by installing water tubes and/or drain
holes; the latter ones allow an exact and restricted drainage whatever the distance from the
portal. in case of large water inflow, forepoling drillholes are essential. To stop longterm
large influx, cement grouting will be necessary, the type and quantity of which cannot be
defined yet, as it depends so much on local conditions.

May-98 8.1-10
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Where the chemical properties of the water are concemed, it is expected that no harmful
effect will occur to the structures by solution; water analyses will be carried out in the design
stage.

The immediate “outer-shell-support” is strictly based on the NATM and consists of
shotcrete, steel wire mesh, rock bolts and - in extreme case only - steel arches. During
heading through very unstable rock masses, lances, grouted pipe bolts, and forepoling
plates may become necessary. In the worst case special heading techniques have to be
applied.

The main support of the excavated opening will comprise shotcrete in combination with
steel wire mesh and rock bolts. The thickness of the shotcrete, number of rock bolts, and the
number of mesh layers may be altered and combined in such a way that at least five rock
classes A o E may be covered by this system. The rock mechanical function of the
shofcrete can be seen in the limitation of rock loosening, ie a relatively high strength gain of
the shotcrete can be quickly achieved. Moreover, the shotcrete seals the rock surface and
simply prevents it from weathering. The shotcrete can be reinforced by stee! wire mesh in
iess stable tunnel sections. A second steel wire mesh and a third shotcrete layer may be
instalied in the case of Rock Class D of E. In the case of less unstable conditions, for
instance Rock Class C, “chicken wire” can be used which is much weaker, easier to fix onto
the rock wall, and much cheaper.

Rock boits maintain a bearing ring, buiit-in systematically in the tunnel roof and walls; by
this the surrounding rock changes its load function into that of a support one. Additionally,
anchoring prevents the rock mass from loosening, as unfavourable shear planes (joints,
bedding, faults) may be crossed by rock bolts. The number of rock bolts will vary from nil to
a systematic anchoring of 12 or more of different lengths.

Steel arches provide a heavy support, are difficult to handle and expensive; their installation
also needs a iot of time. Therefore they should be generally avoided, but if at all necessary,
they should be foreseen only in tunnel sections where the outer lining (rock bolts, shotcrete,
wire mesh) seem to be insufficient (i.e. in fault zones or in portal areas).

Stee! arches increase the bearing capacity of the outer lining leading to a steady force
distribution. The arches must be embedded into the applied shotcrete. Stee! arches will
facilitate the exact excavation up to the payline in various cross sections.

In fault zones, thick mylonite layers may occur, in which forepoling is necessary (Rock Class
F). In this case, lances, grouted anchors, and/or forepoling plates may have to be used. The
floor of the tunnel may have to be arched in these seclions.

TBM-Driving Method

A tunnel boring machine excavates the required cross section without the use of explosives.
Compared to conventional drill and biast tunnels, a tunnel boring machine has the following
main advantages:

= The tunnel will have a smooth contour, which is of advantage for the unique lining
thickness

+ Problems due to blast vibration are eliminated, allowing a more advantageous rock
classification

* Excavation time will be normally reduced due to a higher advance rate.

The excavation diameter for the TBM-machine was selected to be 3.90 m to achieve a net
diameter between 3.20 to 3.40m (66 % 3.40 m), depending on support thickness and a
minimum concrete lining of 20 cm.

May-96 8.1-11
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ROCK CLASSIFICATION ACCORDING TO LAUFFER

ROCK CLASS A/B
(approximately 66 % of the total length)

Rock mass behaviour:

Location of the support measures:
Support measures:

influence on tunnel griving:

Stable to slightly friable

No, or single, overbreak in the TBM area.

Bridging time more than 3 weeks (A).

Bridging time 4 days to 3 weeks (B)

At any distance behind TBM

Shotcrete local (A) and on the roof (B) and single rock
bolts to seal joints or support singie rock wedges if
required

No influence

ROCK CLASS C
(approximately 20 % of the total length)

Rock mass behaviour:

Location of the support measures:

Support measures:

influence on tunnel driving:

Fractured, friable

OQverbreak within and behind the TBM area. Bridging
time approximately 10 hours to 4 days

Some support (shotcrete and local rockboits) is
required in the TBM-area. Main support can be
compieted from the tail.

5 to 7,5 circumferential reinforced shotcrete, rock boits
with a length of 1.8 - 2,0 m mainly in the roof-section.
Occasional hindrance

ROCK CLASS D
(approximately 9 % of the total length)

Rock mass behaviour:
Location of the support measures:

Support measures:

Influence on tunnel driving:

badly fractured, intense friable

Intense overbreak within the TBM-area. Bridging time
2 to 10 hours

Initial support in the TBM-area with steel arches on the
roof, shotcrete and rock bolts.

Finalization of the support system from the tail.

7.5 to 10 cm circumferential reinforced shotcrete.
Steel arches on the roof.

Rock bolts with a length of 2,0- 2,5 m.

Hindrance of advance caused by support works.

ROCK CLASS E
(approximately 4 % of the total length)
Rock mass behaviour:

Location of the support measures:

Support measures.

Influence on tunnel driving:

Totally fractured, faulted, unstabie

Possible swelling behaviour of the unstable rock mass.
Bridging time 10 hours to 2 days.

Immediate support behind the cutterhead with steel
arches, shotcrete and rock bolts. Systematic
completion of the support from the tail.

Steel arches, 10 ~ 15 ¢cm reinforced shotcrete and rock
bolts 2.5-3.0m.

Frequent standstili caused by the support works.

ROCK CLASS F
(approximately 1.5 % of the total length)
Rock mass behaviour:

Location of the support measures:

Support measures:

influence on tunnel driving:

Myionitic zones, faults, squeezing

Possible strong sweliing and squeezing behaviour of
the rock mass. Bridging time 2 to 5 hours.
Immediate support in the cutter head area with steel
arches, shotcrete and circumferential bolting.
Completion of the support from the tail.

Steel arches, minimum 15 cm (2 layers) reinforced
shotcrete & bolting system with rock bolts 2.5-3.5 m.
Frequent standstill caused by the support works.

May-98 8.1.12
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Support

The initiat lining must maintain the inherent strength of the rock mass, acting as a thin
membrane inseparable from the surrounding malerial to prevent its loss of strength
which, if permitied to occur, would require additional support installation. Once instalied
to a closed ring the initial lining must maintain the stability of the whole structure without
further assistance of supplementary supports. The detailed quantity of support elements
is dictated by the rock class.

Monitoring

Five different characteristics of the ground/lining response to the excavation and load
redistribution must be observed by use of special monitoring devices. These are:

- deformation of the initial lining

- deformation of the surrounding rock mass

— axial stresses acting within the initial lining

- radial stresses acting as a “ground ioad" upon the initial lining
— stress acting on the rock bolt system

Water Pressure Measurements

The design of the inner lining should take account of the measured quantity and pressure
of the ground water increase. In order to avoid misleading results caused by the
dewatering influence of the tunnel driving pressures shouid be monitored at a distance of
about 15 m from the excavation line, using either a standpipe piezometer or electrical
pressure measuring device. Where an electric device is used care should be taken to
ensure that the plug-in-contacts are properiy protected against damp and water and that
no water seepage is possible while it is plugged in.

Probe Drilling

Due to the fact that a continuous investigation of the entire tunnel alignment is not
normally undertaken and the complex geological and tectonic conditions do not allow an
accurate prediction of the ground conditions which are likely to be met during tunnel
driving, the use of continuous probe drilling must be seriously considered. Such pre-
drilling would normally extend approximately 20 m ahead the excavation and have an
overlap of at least 4 m in order to avoid misleading resuits due to deviation.

installation of TBM Equipment

in the initial stage, heading of the access tunnel to the surge structure wili be necessary
by conventional method.

Geotechnical investigations are recommended in this part as a pre-check for the final

location and design of the surgeshaft. TBM equipment will be first installed in the access
tunnel.

Mucking

The excavated material will be transported by rail to the tunnel portai and further by
trucks to a stockpiling area, either to be used as construction material or remain
permanent in this area which has to be recultivated.

Lining Alternatives

The maximum intemal dynamic pressure in the headrace tunnel will occur near the surge
tank, approximately 3 bar.

in headrace pressure tunnels various types of lining are used, which are described in the
following paragraphs:

&

Unlined pressure tunnels:

Pressure tunnels can be left unlined where the rock is stable, nearly impervious and
primary siress is adeguate.

A lining is not essential where the rock is stable bul permeable as long as the

groundwater tevel is higher than the operating water level (pressure line). so that no
ieakage occurs,
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In Pakistan's Karakhorum mountains unlined power tunnels will be rare for two reasons:

- there are no areas in the complex tectonics that offer unfolded and impermeable rock
positions,

- an uniined tunnei has to be excavated with an approximately 30 to 40 percent larger
diameter to compensate for the higher friction losses caused by the rough rock.

Even with smooth excavation, techniques using the TBM, lining of the tunnel will be
required in sections with tectonic influenced rock.

* Concrete linings
Concrete linings are common for pressure tunnels.
The load cases for dimensioning the thickness of the lining are:

- extemal water pressure against the empty tunnel
- maximum intemal water pressure assuming no extemal water pressure.

Externai Water Pressure

in many cases the extermal water pressure is the load case for pre-dimensioning the lining
thickness.

It is usual to do this using a relaiively low safety factor due to:

* As measured, the extemal water pressure is normally tower around the tunnel than it
should be theoretically.
The reason for this phenomena may be the long term latent drainage effect around the
consolidated zone of the tunnel.

* The load case is a special load case during emptying of the tunnel. Particulary for iong
tunnels with a big water volume it takes a long time to drain the tunnel and the load
increases very gradually.

= Normally the extemal water pressure is reduced by the intemal water pressure.

* The geometry of TBM driven tunnels is very accurate which ensures a central pressure
of the lining created by the extemal water pressure.

In the case of very high extemal water pressures, the installation of vents may be provided
to keep the thickness of the lining within limits. The vents should reduce the extemal
pressure to the intemal pressure. The disadvantage of such vent installation is the necessity
of its maintenance.

Due to the narrow mountain ridge between the Daral Khwar Valley and Swat River, the
maximal extemal water pressure was assumed with 300 m=30 bar above the headrace
tunnel. The required lining thickness in the case of on internal diameter of 3.40 m was
estimated to be 15 cm. For additional security, the lining thickness was selected to be
20 cm.

internal water pressure

The formulae of KASTNER for the stress calculations (tensile stresses in the lining) are
recommended because results are confirmed by measurements in a high number of
pressure tunnels.

For the headrace tunnei, the maximal intemal pressure is proportional to the maximum level
in the surge tank in case of an emergency stop of the turbines - approximately 31 m (3.1
bar).

The circumferential tensile stresses are lower than the limited value.

In the weaker rock classes D, E and F, circumferential consolidation grouting is required to
improve the rock mass around the tunnel.

May-98 8.1-14
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Other lining systems

Prestressed concrete linings, concrete lining with plastic sheeting, prestressed concrete
lining with seal or steeled joints lining are not necessary for the main part of the headrace
tunnel. However, for the area near the surge tank, special sealing measures may become
necessary e.g. plastic sheeting, like for the surge tank itself.

8.1.2.6 Surge tank

. Modem peak storage schemes are expected to operate flexibly throughout the whole power
i ) range, this is only possible if the surge tank is designed appropriately.

Different systems are possible to meet the demand for full flexibility of operation.

Typical surge tank systems

Type of surge tank Border conditions

Surge shaft without .
chambers

Simple Structure

e Less connecting parts

+ No chambers

« No operation restrictions

+ Useable for most discharges
Conventional type

Surge shaft with lower .
chamber

Lower chamber is advantageous for regulated start-

up of turbines

» Closing at full load will require a larger diameter of shaft
or iead 10 higher oscillations

Two chamber surge tank |«  Type of surge tank without operational restrictions
e Reasonable volumes of the chambers

T\'NO chamber surge tank |« Reduced space requirement for the surge chambers
with a reserve flow control |« Difficult system of the reserve flow control throttle
throttle « __Advantageous for high discharge rates

For the Feasibility Design the conventional type of a surge shaft without chambers was
selected due to its simplicity.

Engineering Geological Aspects

According to common understanding, the surge tank will be excavated within the
tectonically strained section between Boreholes DP4 and DT3. The excavation will take
place in a material of “blocky” character, huge rock mass bodies with cohesionless contact
to each other. Permeability is high, groundwater during most of the year absent. From the
rock class point of view, it must be relatively unstable, however, very hard where drilling and
blasting is concemed.

Sinking of the surge tank may need special construction methods, such as grouting up
before excavation, pile walls or drop shaft foundations. Therefore, a rock classification is
hardly relevant; pre-stabilisation before conventional excavation is needed. Final lining
should be strong according to the unfavourable rock conditions; for dimensioning, the
bearing capacity of the rock will not be taken into consideration.

The question still exists, whether a shifting of the surge tank into the mountain of say 200 m
may be a better soiution. A two chamber surge structure with access tunnel to the upper
chamber would have the advantage for all main structures to be located in relatively
undisturbed, unfaulted bedrock. This is particularly valid for the concrete plugs «: t': . very
end of the headrace tunnel towards the penstock and access tunnels, where “sound rock" is
needed. Only the minor penstock tunnei would then enter the fauited section. This guestion
can definitely be answered by a pilot tunnel reaching beyond the “minor fault zone", ie.
approximately 250 m of adit length. Rock-mechanical investigations, combined with insitu
engineering geological measures, will have to be taken into consideration.
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Structural Design

The Surge structure has been designed in connection with the hydraulic analysis as follows:

A vertical shafts of 12 m diameter will be located directly above the headrace tunnel. The
bottom level of the tunnel here is 1701.08 m asl. Up until 1705.5 m asl the cross section is

3m wide. Between 1705.5 m as| and 1710 m as! the sections will widen to meet the required
diameter of 12m. From 1710 m asl! to 1735 m asl the intemal diameter stays constant.

The top of the shaft is covered by a concrete plate, with an opening foreseen for ventilation.
This in turn will be covered by a small building with windows equipped with ventilation
louvers.

The connection of the surge t{ank to the penstock tunnel is planned with an inclination of 45°.
This allows to use the headrace tunnel as a storage tunnel. The main point is to avoid air to
be sucked in the penstock and therefore the elevation of the penstock tunnel is 10.4 m lower
than the elevation of the headrace tunnet.

Hydraulic calculation

The assumptions of plant operation guidelines for the hydraulic design of the surge tunnel
have been defined as follows:

= Start up time for all turbines: 30 seconds (full discharge : 15m?/s)
* Closing time for all turbines: 10 seconds (full discharge : 15m?/s)

These parameters will cover all fulure demands conceming safety of the surge structure.

it is not unusual for relative small discharge plants to start up all units at the same time,
whilst simultaneous breakdown of all units is unlikely but has to be considered in the
hydraulic dimensioning.

in the computer hydraulic calculations the most unfavorable frequency of turbine-operation
as a basis for determination of the maximum and minimum possible surge levels in the
shaft is considered as follows:

= Start up in 30 seconds
» Breakdown at maximum flow velocity in the headrace tunne! 198 seconds after start up.

* Second start up at minimum flow velocity in the headrace tunne! 7 minutes after first
start up.

* Breakdown at maximum flow velocity in the headrace tunnel 614 seconds after first start
up.

» Third start up at minimum flow velocity in the headrace tunnel 838 seconds after first
start up.

+ 7Breakdown at maximum flow velocity in the headrace tunnel 1032 seconds
(approximately 17 minutes) after first start up.

Contamination of start up and break down cases will not change the maximum and
minimum surge levels and their respectively higher and lower values.

The calculation results conceming the extreme surge levels are:
=  Maximum surge level: 1731.60 m asi
* Minimum surge level: 1710.04 m asl

The safety factor, according to Thoma, for the sysiem stability is calculated to be quite
sufficient.

The final dimensioning of the surge structure will need the basic detail requirements of the
manufacturers for the hydromechanical equipment.

May-98 8.1-16



-

-y

oy

 aaaniide eyt

S

=

/06798 11 56 - C:\55-Darafword-doc\55-15-081.doc ~‘24

pe—
[

o

%

Feasibilty Study — Darai Khwar Hydropower Project

Pakistan-Gemman Technical Co-operation (SHYDO-GTZ)

Excavation and Support
Construction methods for the shaft is proposed as follows:

= Construction of an approximately 430 m long access road from elevation 1698 m asl
(working platform for headrace tunnel) to the upper level of the structure at 1735 m asl.

* Preparation of a working platform with 2 minimum diameter of 18 m at 1735 m asl.

= Conventional excavation of a strip approximately 3 m wide along the outer line of the
structure, with a gradient from say 15 % in the form of a spiral.

= Bracing the walls against the remaining inner cone.

= Preparation of the pimary lining consisting of heavy systematic rock bolts 100 - 300 kN
up to 9 m iong and 20 - 30 m reinforced shotcrete in 2 - 3 layers.

Inner Lining

Sealing measures will be necessary 10 avoid seepage.

At the shotcrete of the primary lining, a protection layer (thin smooth shotcrete layer and/or

geotextile fleece) will be placed. A 2-3 mm polyvinylchioride or polyethylene sheeting is

then fastened to the shotcrete with a backing of polypropylene fibre prior to the inner
concrete lining being placed.

This concrete lining will be 30-60 m thick and need heavy reinforcement. On the hill side,
thrust reinforcement will be required in order o meet the demand of the pressure shock and
the earth force. No rock bearing capacity can be assumed in this area.

8.1.2.7 Penstock and Access Tunnels

515081

Engineering Geological Aspects

Downstream of the concrete plug, which will be heavily anchored in pre-grouted and
consolidated rock, the 50 m long penstock tunnel wili be driven through highly jointed,
slightly faulted rock and rocky overburden. The same applies to the 115 m long access
tunnel which, according to the strike of the main “sheared zone”, will remain for most of the
section within this heavily faulted area.

The assumed rock classification are:

Penstock Tunne! Access Tunne!
¢ Rock Class A/B 0 % Om 0 % 0 m
e Rock ClassC 0 % Om 0 % O m
¢ Rock Class D 50 % 25 m 50 % 58 m
+ Rock Class E 30 % 15 m 40 % 46 m
e Rock Class F 20 % 10 m 10 % 11 m
. 100 % 50 m 100 % 115 m

Whether even the Rock Class G occurs, must be left open, as handling of cohesionless
blocks of varying size can be judged upon quite differently.

Excavation of both tunnels may need pre-consolidations by grouting. The horseshoe-shaped
tunnels will generally need more protection measures than that normally expected in the
corresponding rock classes.

The access tunnel of nearly 18 m? (for TBM) net cross section leads to the open access
road along the penstock siope. To keep the TBM-altermative for offers of construction
companies open, the access road must be constructed accordingly, i.e. as a truckable road.
By excavating the road, some steep rock walls and scree fields have to be crossed.
resulting in extensive protection and stabilisation measures.

May-88 8117
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Alignments

The Penstock Tunnel connects the surge tank with the valve chamber and houses the
supported penstock pipe. It is approximately 50 m long and will have a gradient from
minimum 0.5 % downhill,

The approximately 115 m long access tunnel branches off the headrace tunnel at an angte
of approximately 35° and is the connection to the working platform at 1698 m asl.

Cross sections

The Penstock Tunnel will be 3.95 m high by 4.4 m wide, resulting in an internal cross
section area of 15 m? for the horse-shoe profile. The 2 m diameter steel penstock pipe is
arranged near the southem wall, while in the northem part there is space remaining for
maintenance purposes. In the concrete floor two grooves are provided, one for drainage the
other for a steel covered cable canal.

An additional layer of shotcrete is proposed to get an smoother inner surface.

The cross section of the Access Tunnel for the conventionat driven headrace tunnel can be
the same as for the headrace tunnet itself. However, an inner lining for the access tunnei is
not necessary.

Heading

Both tunnels will be conventionally driven (means by drilling on blasting). Due to the weak
rock classes the support measures have to be comparatively heavy. Reinforced shotcrete
from 7.5 to 15 cm or more will be needed. Steel arches on the roof always, and at the walts
often, will be required. 12 or more rock bolts, 2.0 - 4.0 m long will be necessary.

Tunnel plugs

At the upstream ends of both tunnels, plugs are necessary to transfer the water pressure
into the surrounding rock. Around the massive concrete structures long anchors and a
grouting curtain to avoid seepage are required. The plug for the access tunnel is equipped
with tunnel door (1.8 by 1.8 m is proposed) the penstock tunnel plug is fitted with a bent
funnel-like steel pipe (diameter from 3 m to 2 m, bend 45°).

8.1.2.8 Valve Chamber

The valve chamber is located at the downstream end of the penstock tunnel. Access is possible
via a road from the working platform for the headrace tunnel at 1698 m asl. In front of the
building another working platform is needed, with the entrance at an elevation of 1694 m asl.

55-15-081

Structural Design

The reinforced concrete building is 13 m wide and 11 m long, the superstructure being some
8 m high. The underground structure, where the penstock pipe passes through, is
approximately 6m deep and 7.4 m wide. The building is a slope-type one and, integrated in the
concrete structure, is an anchor biock for the bend at the upstream end of the embedded part
of the penstock pipe.

Auxiliary Equipment

The required auxiliary equipment is preliminary listed as follows:
= 1 maintenance valve, diameter 2 m, - hydraulicly operated

* 1 emergency valve, diameter 2 m, - hydraulicty operated

= Equipment for draining and ventilation of the pipe

*

Entrance gate 44 by 3.5 m

*

Several windows

= 1 crane, capacity 10 tonne.

May-98 8.1-18
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Electrical equipment
*  Power supply

* Hydraulic pump
« Control systems
* Lighting

+ -Telecom equipment

8.1.2.9 Embedded Penstock
» Engineering Geological Aspects

The 2 m diameter penstock starts at the plug in 50 m inside the penstock tunnel, where the
pipe is supported. In the portal area, the valve chamber houses the upper anchor block. Due
to the rock conditions beneath a loose overburden of some 5 m, the blocks and strongly
fissured norite will need pre-consolidation measures in the form of grouting down to between
15 and 25 m. Anchors will have their bond sections at the appropriate depths.

From the anchor block, the 850 m long penstock pipe will be embedded such that at least
1m of cover can be provided, with the backfill material. The whole penstock siope is
covered with loose overburden except a small rock outcrop downslope of Borehole DP3. in

the upper part of the penstock slope, the excavation is made more difficult due to the many
large boulders to be dealt with.

in the area adjacent to borehole No DP3, the matenal is generally finer-grained slope
deposits which can be more easily excavated and backfilled. Same applies to the lower part
of the slope upstream of the main Swat valley road from Madyan to Bahrain. The
overburden can be handled relatively easily, although several big blocks may have to be
boulder blasted. Just downstream of borehole DP3, strongly weathered and highly jointed
rock outcrops are evident which may need careful blasting. Backfill wifi be possible with little
further treatment, although due to the irregular surface of the foundation in the penstock
trench, a level reguiating course of sand will have to be laid.

The penstock pipe will cross the main road, requiring a concrete structure, on top of which
the new road can be diverted. Then, not far from the crossing, the second anchor bfock just
in front of the powerhouse has {o be constructed, being integrated into the powerhouse
foundation together with the manifold. This block will need to be anchored quite deep into
the slope deposits and special measures adopted to consolidate the loose ground. The
bedrock exists some 30 m below ground level.

» Alignment

The alignment of the penstock from the valve chamber to the powerhouse runs in a general
northwest - southeast direction. Toward the powerhouse the direction changes. going
eastwards, crossing the contour lines and the main Madyan - Bahrain road perpendicularly.
The axis is shifted up to 50 m to the southwest, compared with a previous design in which a
more or less straight line was foreseen. This new design calis for two horizontal bends each
with a radius of some 150 m. The crossing point on the main Madyan-Bahrain road will be
by means of a concrete bridge like structure. At the powerhouse the penstock ends in a
manifold, covered by a heavy anchor biock which again will be formed integrai with the
concrete structure of the powerhouse.

« Longitudinal Section

Starting with a bend of radius R=10 m at the vaive chamber the pipe runs paraliel to the
slope surface with an average inciination of 20° for some 270 m. The inclination then
reduces to 6° for approximately 70 m, before increasing to 25° for another some 240 m in
an area of farmland on terraces. Above the main road, the inciination increases even more
to 37°, then crossing the road the pipe reaches the manifoid after some 75 m. Any bend will
have a minimum radius of 150 m in order to avoid losses and possible uplift forces in the
pipe.

55-15.081 May-96 8.1-19
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At regular intervals the trench for the penstock is interrupted by a srnall earth bunds to avoid
erosion by water flow during rainy periods, in the worst case a totrent rnay form causing
landslides in the surrounding areas. Srnail drainage ditches should be dug tanning out at the
bunds, to allow drainage of the construction trench.

The small earth bunds should be impermeable and rnay remain after the construction stage
to reduce the wash-out effect on the finer backfilling material.

Cross Section and Protection Measures

To find out the best internal diameter of the steel pipe an optirnisation was carried out.

The wall thickness of the 2 m diameter penstock will vary between 12 and 28 mrmn, for steel
quality ST 52-3 according to DIN 17100 (German standard). All welded joints should be X-

rayed. The thickness and steel quality may be further optimised at a later stage (e.g. during
preparation of the tender documents).

The following measures are proposed for protection against corrosion:

Intemal protection: - Surface preparation:
Sandblasting according to Swedish Standard Sa3

Primary Coat: - Two pack zinc powder epoxy-resin based paint
Finishing coat; - Two pack coal-tar asphaiturn, epoxy resin compound paint.
External Protection: - Corrosion protection tapes of artificial material e.g. PE foil.

In order to protect the PE foil the pipe must be bedded on a 30 crm thick layer of fine sand
not exceeding 2 mm. Also a minimum 20 cm thick cover of the same rnatenal should
protect the penstock periphery.

Backfill of the excavation may be with the excavated matenal, after screening coarse
material is general unsuitable for backfilling, any boulders or cobbles present shoulid be
rernoved and deposited elsewhere.

The minimum cover of the penstock shouid be 1 m. The backfilling material must be
brought up in 30 cm tayers and well compacted.

The transport braces should remain in position, and maybe additional braces placed before
and/or during the backfill procedure in order to keep the deformations within reasonable
limits. Any deformations must be closely monitored during backfilting.

On completion, the backfilling material should be covered by a minirnum 10 cm thick layer
of topsoil. Re-naturalisation and planting of grass or meadow plants in the penstock
construction area should take place as soon as possible to create additional stability for the
slope and avoid surface water erosion.

Road Crossing Structure

A road crossing structure has to be constructed for traversing the rnain Madyan - Bahrain
Road. It is recommended to form the structure adjacent to the river side of the existing road,
which should be sheltered by a wall of steel sheet piles braced by steel beams and anchored
in to the slope by means of rock bolts.

On cornpietion, the steel-sheet piles will be extracted and the new road can then be
constructed over the bridge. The penstock pipe can then be placed in this area without any
impediment to public road traffic.

The structure will be sorne 9.6 long by 5.2 m wide. Due to the relatively steep slope, the
height vanes between 7 m and 14 m.

On the downhill side, wingwalls will be constructed 2.5 m long. The embankment slope of
the new road will have an inclination of 2.1 and should be covered by natural stone rnasonry

May-98 8.1-20



[PR—

™

-y

' _06/98 11°56 - C:\55-Daralword-doc\55-15-081.doc - 24

Feasibilty Study — Daral Khwar Hydropower Project Pakistar. “vrman Technical Co-operation (SHYDO-GTI)

8.1.3

8.1.3.1

{typical locai type). After construction of the new road the cutting of the old road should be
backfilied with excavated material, the slope being stepped to form new terraces.

Powerhouse

Previous studies conducted for the Feasibilly Design have shown a clear preference for
powerhouse located at the right bank of Swat River, 1 km downstream of Bahrain Town.

The choice of location was primarily govemed by the favourabie topography and the
satisfactory results of geotechnical investigations. The short access from the main Madyan -
Bahrain Road is another advantage.

The powerstation area comprises the following parts:

e A sub-structure housing mainly the Francis turbines and generators, with some auxiliary
rooms and the pit for the Pelion turbine

« Superstruclure, above ground, comprising the machine hail and operating facilities

» Open swilchgear area
Residential buildings

Engineering Geological Aspects

The right Swat River bank is covered by terrace and stope deposits, interfingering each other in
the area between the main Swat road and powerhouse area. The bedrock surface proper could
not be defined, neither by boreholes (technical incapabilities, breakdowns) nor by geophysical
investigations (refraction seismic). The results of several investigation attempts differ in the
order of magnitude of some dekametres.

At the same time, the purely noritic bedrock out crops on the Swat River left bank, offering
excellent foundation conditions. The possibility of a powerhouse located on the left bank was
introduced and compared by cost estimation with the right bank altemative. The former tumed
out to be significantly more expensive mostly due to the pipe bridge crossing the River Swat.
Excavation in sound bedrock and respective safety measures at the rear of the powerhouse
also meant additional complications. Thus, the decision was taken to locate the powerhouse on
the right bank, as identified initially, designing the foundations assuming alluvial conditions
prevail for some depth.

Excavation of the loose terrace deposits, consisting mostly of alluvium - gravel, sand, little silt
and some big boulders between, is not envisaged to create undue difficulty. No groundwater is
evident above El 1403 m which is slightly below the deepest foundation level of the
powerhouse. Safely measures during the construction time, where the side siope of the
excavation are concemed, will consist of shotcrete with weir mesh, rock bolts, and maybe deep
anchors.

The slope-type powerhouse will be founded on terrace deposits, the parameters of which
conceming sSettlement will need to be investigated in detail afier excavation. Compaction
measures and/or ground consolidation may be necessary. While the sicpe side of the

&5 powerhouse will be partly backfilied, the river bank along the buildings wiil have to be protected

8.1.3.2

56-15-081

against high floods by heavy rniprap or pitching.

The tailrace structure comprises 3 canals - 1 for each turbine forming cascades. It will also be
founded on river deposits and appropriate safety measures at the end of the taiirace canals
against erosion have to be taken into consideration, e.g. riprap embedded in concrete.

Structural Design

A short access road has io be constructed to reach the powerhouse area from the main
Madyan - Bahrain road.

The mean water level of Swat River is assumed to be at an elevation of 1405 m asl. The
highest fiood level according to a 10,000 year fiood discharge of 3348 m°/s is calculated to be
at an elevation of maximum 1415.4 m asl.

May-98 B.1-21
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Thus the powerhouse floor at the entrance, where the Pelton turbine is placed, is designed at
an elevation of 1417 m asl, well safe against high ficods. The floor level above the Frances
Turbines will be 2 m higher.

The powerhouse has been designed to resist backfill load and the side slope up to a level of
1424 mas.l

On the eastem side a road is planned, crossing the tailrace canals to provide access to the
rooms in this part of the structure and to aliow a possible future access to the area south of the
powerhouse.

North of the building, where the main gate and the door to the office part is foreseen, there is a
plain area provided which can be used for maintenance and assembly purposes when the
areas in the machine hall have insufficient space. Along this area at the hill side thereisa 7 m
high retaining wall required, which can be constructed as a stone masonry wall or even
boulders compacted by an excavator.

The manifold at the westem side of the building is embedded in concrete. This end anchor
block for the penstock pipe around the manifold will be integrated into the powerhouse
foundation.

The powerhouse is a reinforced concrete structure. The excavation slopes need support of

anchors, rock bolts, shotcrete and wire mesh during the construction time, and where the
slopes will not be backfilled permanently. The construction pit has to be protected towards the
river with adequate measures (e.g. steel sheet pile cofferdam, concrete pile wall) to be save
against at least a 5-years flood.

* Underground Structures
This part of the building can be divided in two parts:

The southem panr for the Francis Turbines where the foundation is deepest reaches down to
El 1406 m and comprises three floors. The northem part, where the Pelton Turbine is
situated is less deep, at an elevation of 1411.5 m a.s., with the bottom leve! of the
foundation and housing just one floor.

Beneath the deepest fioor level a sump will be placed for collecting feakage water and
emptying the turbines. The pit has to be equipped with pumps. The final layout of the pit
conceming levels, dimensions and placement will be left for the final design since it
depends on the layout of the turbines and pumps.

The three structural floors are fumished with the following functional equipment:

= Valve Floor at elevation 1408.4 m
Valve shafts for Francis Turbines
Spiral Tubes for " .
Draft Tubes for " "

Staircase

» Turbine Fioor at elevation 1411.6 m
Hydraulic equipment
Compressed air based
Bearing coolers
Several facilities for regulation of the Francis Turbines
Staircases

= Generator Fioor

- Francis Part at eievation 14156 m
Generators
Generator Celis
Bus Bar Corridor
Staircases

May-98 8.1-22
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— Pelton Part at elevation 1412.5m
Valve Shaft
Turbine Pit
Generator Pit
Generator Cells
Bearing Cooler
Battery Assembling
Redtifier
Battery Room
Diesel Generator
Diesel Tank
Corridor
Staircase

* Superstructure
*  Machine Hall

The machine hall is 30.4 m long by 16.5 m wide and maximum 15.8 m high. The height
is determined by the hoisting requirements of the 35 tonne crane,

Near the main gate at the northem wall and east of the Francis Turbines assembly
places are provided

= Operation Building

~ The operation structure consists of iwo parts: one in front of the building at the river side

is 34.4 m long by 5.1 m wide, comprising several rooms and reaching over two floors.
The second is located at the back of the machine hall at the siope side, 18.6 m long by
4 m wide, and housing the 11 kV plant. This part of the structure is foreseen as a simple
storey.

The building comprises the following functional equipment and installations:

~ Ground Floor at elevations 1417.0 and 14184 m
Auxiliary Transformers
Low Voltage
Relays
Spare Parts Stores
Workshop
11 kV Room
Toilets and washroom
Staircases
Entrance Hall
- First Floor at elevation 1421.6 m
Control Room
Office
Tea kitchen
Toilets and washroom
Corridor
Staircase
The arrangement of the operation building may change slightly in the course of the
detailed planning of the equipment.

+« Tailrace

For each turbine a separate tailrace cana!l in foreseen, those for the Francis Turbine are
3.25 m wide, while the Pelton canal is 1.4 m wide.

The 17 m long structures forms cascades by means of 4 sills and stilling basins. The
foundation is also stepped according to the leve! of the sills, reaching at the deepest par an
elevation of 1701.5 m.

Near the powerhouse a minimum 3.5 m wide road crosses the tailrace structures.

May-98 8.1-23
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Open Switchyard area

A flat area 18 m wide and 50 m iong will be provided for part of the switchyard, west of the
machine hall at the slope side of the building.

At the western part an access road is designed coming from the powerhouse access road.

Transformers are focated at both ends of the area together with their oil seperators and
between them a pari of the switchgear facilities are placed.

The roof of the machine hall has been designed to cater for the remaining switchyard
installation.

Residential buildings and main store

The following buildings are recommended to be constructed near Bahrain Town:

= Resthouse

* Resident Engineers

*  Operators

= Chowkidars

= Store (main spare parts, oil tank, diesel tank etc.)

= Car park

May-98 8.1-24
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HYDRAULIC STEEL WORKS
Weir

Flushing Gate

No. of units: 1, with 2 sections horizontally split, each: Width: 4m, Height: 2.5m. Bottom
pressure 0.45 and 0.8 bar respectively.

The Gates shall be oil hydraulically operated. Two servo-motors at both sides of the gates
have to be provided. All areas in contact with sealing should be of stainless steel or
stainless steel plated. The paris to be embedded in concrete as well as the oil pressure
system belong to the supply volume. The oil pressure systern shall be large enough to
supply simultaneously pressure o0il for the flushing gates and the intake gates instailed in the
same weir/intake structure. Two electric motor driven oil pump sets shall be fumished for
regular and stand-by service with an automatic aitemator to change the operation. A failure
of one pump set shall initiate the stand-by set(s) to operate. Local and remote control of al!
gates should be enabled.

Stoplog
No. of units: 1, Width: 4m, Height: 5m, Bottom pressure 0.8 bar.

All stoplogs should be designed for a lifting by hand.

intake

Intake Trashrack
No. of units: 4, Width: 2.6m, Height: 1.1 - 2m, Clear between bars: 0.100m, Area: 16m?

The trashrack panels should be fixed by staintess steel bolts. The trashrack manually
cleaned.

Stoplog
No. of units: 4, Width: 2.6m, Height. 2.00m.

The design of the stoplog should allow maintenance of the trashrack with the stoplogs in
closed position.

The lifting of the stoplogs should be provided by hand.

Spilling Gate
No. of units: 1, Width: 1m, Height: 2m, Bottom pressure 0.9 bar.

The gate should be manuaily operated. Embedded parts with strips in the area of sealing of
stainless steel or staintess plated steel.

Intake Gate
No. of units: 1, Width: 4.0m, Height: 3.25m, Bottom pressure 0.7 bar.

In emergency cases the intake gate should be designed to close against full discharge. For
the first filling of the tunnel the gate will be partially opened and must operate without
inadmissible vibrations during the filling procedure.

The gate should be of roller type, hydrauiically operated by oil pressure. The gate have shall
a total of 8 wheel with self tubricating bushing. The bottom seals shall be made from flat
rubber, the latera! seais will be of music note type. If necessary, the gate should be filled in
the lower part with concrete as ballast to assure the self-closing tendency without additional
pressure on the top side of the servo-motor. The gate shall be guided between the
downstream lateral guide rails and the upstream counter guide, where the machined seal
sliding strips of stainless stee! are welded on.

May-98 8.2-1
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The gate will be operated by one oil hydraulic servomotor, mounted on a bridge allowing the
hoisting of the complete gate above the upper tunne! level. The hydraulic pressure system
must be egquipped with two electric motor driven pumps for regular and stand-by service and
shall be supplied with all necessary connection pipes, valves and instruments for remote
supervision and operation. The auxiliary devices for the maintenance of the gate are part of
the delivery.

Gravel Spill Structure

Flushing Gate
No. of units: 1, Width: 1m, Height: 2m, Bottom pressure 0.7 bar.

The gate should be manually operated. Embedded parts with strips in the area of sealing of
stainless steel or stainless piated steel.

Sand Trap

Inlet Gate

No. of units: 2, Width: 5.00m, Height. 2.8m, Bottom pressure 0.3 bar.

Each desander chamber will be equipped with one gate at the inlet side which shall be
closed in case of maintenance. It should be designed as roller gate and shall be
hydraulically operated. The oil pressure shall be supplied by a common oil pressure system
for both units.

Fine Trashrack

No. of units: 2, Width: 5m, Height: 2.6m, Clear between bars: 0.02m, Area: 13m2

The trashrack panels should be fixed by stainless steel bolts.

Outlet Gate

No. of units: 2, Width: 4.00m, Height: 3.2m, Bottom pressure 0.3 bar.

In cases of maintenance of the desander the opening of each chamber can be closed by a
oil pressure operated gate. It should be designed as rolier gate and shall be hydraulically
operated. The oil pressure shall be supplied by a common oil pressure system for both units.
Flushing Gate

No. of units: 2, Width: 1m, Height: 1.8m, Bottom pressure 1 bar.

The gate should be manually operated. Embedded parts with strips in the area of sealing of
stainless steel or stainless plated steel.

Valve Chamber

Maintenance Valve

No. of units: 1, Diameter. 2m, Pressure 5 bar, Type Butterfly Valve

In cases of maintenance of the opening of the Penstock can be closed by a oil pressure
operated valve. The oil pressure shall be supplied by a common oil pressure system with
the Emergency Vaive.

Emergency Valve

No. of units: 1, Diameter. 2m, Pressure 5 bar, Type Butterfly Valve

In cases of emergency (pipe burst) the Penstock can be closed by a weight operated valve..

The oil pressure for the opening shall be supplied by a common oil pressure system with the
Maintenance Vaive,

May-98 8.2-2
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+ Drainage and Ventilation Valve
Valves for Drainage and ventilation of the pipe will be installed in the valve chamber.

¢ Crane
No. of units: 1, Width:9.5m, Height: 5.5m, Capacity. 10 tonne

A crane will be installed in the valve chamber to facilitate the pertinent maintenance works.

Access Tunnel
e Tunnel Door
No. of units: 1, Width: 1.8m, Height: 1.8m, Pressure 5 bar.

The access of the tunnel is equipped with a tunnel door for inspection and maintenance
purposes.

Penstock

From the tunnel outiet, the water will be conveyed to the powerhouse by a completely buried
steel penstock. On an appropriate slope, burying has several advantages over a free spanning
erection on plinths as:

» protection of scenic beauty of the landscape;
» reduced cost;
« avoiding of expansion joints.

The penstock will have two horizontal bends with a radius of 150m. In vertical section starting
with a bend of radium R=10m at the valve chamber the pipe runs parallel to the slope surface
with an average inclination of 20° for Somme 270m. The inclination then reduces to 6° for
approximately 70m, before steepening to 25° for another some 240m in an area of farmland on
terraces. Above the main road, the inclination steepens even more to 37°, then crossing the
road the pipe reaches the manifold after some 75m. Any bend will have a minimum radius of
150m in order to avoid losses and possible uplift forces in the pipe.

At the powerhouse the penstock ends in a manifold, covered by a heavy anchor block, which
again will be formed integral with the concrete structure of the powerhouse.

The pensteck will be made completely out of X 52 steel (St 52-3 DIN 17100). An optimization of
the diameter (see annex B 2/2 of Appendix 8 Hydraulic and static Pre-calculations) to led the
following layout.

Section Length (m) Dia (m) Thickness (mm) | Weight (tonne)
1 63 2 10 31
2 210 2 12 123
3 230 2 16 169
4 230 2 22 248
5 180 2 28 247
Total 913 2 10—28 787

The penstock has been designed to support a 30% dynamic over-pressure which may be
produced by the speed governing system. A static calculation is presented in annex B 3/3 of
the Conceptual Design Study.

May-98 8.2-3
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The penstock can be assembled at site out of factory made 6m to 8m long spiral welded pipes.

-

The following measures are proposed for prolection against corrosion:

———

intemal protection: - Surface preparation:
[ Sandblasting according to Swedish Standard Sa3
Primary Coat: - Two pack zinc powder epoxy-resin based paint
- Finishing coat: - Two pack coal-tar asphaltum, epoxy resin compound paint.
P Extemal Protection: - Corrosion protection tapes of artificial maternial e.g. PE foil.
o In order to protect the PE foil the pipe must be bedded on a 30 cm thick layer of fine sand not
{ ‘ exceeding 2 mm. Also a minimum 20 cm thick cover of the same material should protect the

penstock periphery.

- rrry

i Backfill of the excavation may be with the excavated material, after screening coarse material
i is general unsuitable for backfilling, any boulders or cobbles present should be removed and
deposited elsewhere.

E; The minimum cover of the penstock should be 1 m. The backfilling material must be brought
up in 30 cm layers and well compacted.

The transport braces should remain in position, and maybe additional braces placed before
and/or during the backfill procedure in order to keep the deformations within reasonable limits.
Any deformations must be closely monitored during backfilling.

B

On completion, the backfilling materal should be covered by a minimum 10 cm thick layer of
topsoil. Re-naturalisation and planting of grass or meadow plants in the penstock construction
area should take place as soon as possible to create additional stability for the slope and avoid
surface water erosion.

8.2.8 Manifold

The manifold allows the bifurcation of the penstock to the three turbines. It would be built in
parts which can be transported. The parts would be welded at sile, allowing only
circumferencial seams.

i T i B e I
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Length (m) Dia (m) Thickness (mm) | Weight (tonne)

Main Pipe 8 2 28 11.0
EJ Bifurcation 1 17 0.7 28 8.2
{ Bifurcation 2 19 11 28 14.4
‘ Bifurcation 3 12 1.1 28 9.1
E- Total - . - 42.7
L The manifold is located at the westem end of the powerhouse building, completely embedded
E ) in concrete, thus forming the end anchor block of the penstock which will be integrated into the

powerhouse foundation.

55-15-082 May-98 8.24
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8.3 HYDRO-MECHANICAL EQUIPMENT
8.3.1 Design Parameters

55-15-083

Design Discharge

Based on an economical evaluation of altemative design discharges the optimum rated
discharge for the main hydro-mechanical equipment was found to be 15 m*/s.

The 32,300 m® net volume of the (tunnel) reservoir will facilitate the storage of low flows to
altow turbine operation with increased discharge during peak demand in low flow periods.

Head Conditions

The available net head is depending on (tunnel) reservoir water level and losses in the
waterway e.g. tunnel and penstock, which depend on the turbined discharge. The net head
has been calculated as a monthly average for peak and off-peak operation. As a result, the
net head varies between 283 m and 305 m. Details are presented below and in the Tabular
and graphical presentations in an Annex after this Chapter.

Daral Khwar HPP

Net Head
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8.3.2 Type and Number of Units

T 8.3.2.1 Selection of Turbines

With the net head ranging from 287 m to 293 m at full discharge of 15 m’/s, Pelton, Francis

and Turgo turbines are suitable for power generation. A list of suitable turbine configurations is

.
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E : given below:

Power station data:

Discharge Head Operating

(m3/s (m) Days
12.50-15.0 283-298 96 Maximum total net head (m} = 305
6.25-12.5 298-301 61 Minimum total net head (m) = 283
2.50-6.25 298-305 81 Elevation above sealevel (masl) = 1415
0.80-2.50 300-303 104 Discharge (m*/s) = 0.8-15

Selected layout data:

Out of the numerous suitable turbine constellations the following alternatives have been
investigated:

No. of Discharge Speed Unit Power- Setting
Alt. Units Type m’/sec rpm MW m
1 3 Francis 5.00 1000 12.57 -2.71
2 3 Pelton 5.00 333 12.94 +3.37
3 4 Turgo 375 1000 9.66 +2.55
4 2 Francis 6.25 1000 15.71 -4.99
1 Pelton 2.50 500 6.4 +2.34

Francis Turbines (Alt 1)

The operation of Francis turbines is limited to a minimum of approx. 30 % of the rated
discharge. Daral Khwar hydropower project is designed to be used for four hour daily peak
operation, limited only by the reduced storage capacity in the tunnel.

The design discharge of 15 m/s Ieads to the optimum arrangement of 3 vertical Francis
units, each with a rated flow of 5 m%s and a turbine speed of 1000 rpm.

The setting of the Francis turbine in the case of Daral Khwar must be chosen above
groundwater level, thus fixing the tail water level to 1415.3 m.a.s.|, independent of the water
level situation in the Swat River.

One Francis unit can operate in the range of 5 m *s to a minimum of approx. 2 m s. As
there are more than 100 operation days with discharges below 2 m */sec, the “3 Francis
alternative has to be ruled out.

Pelton Turbines (Alt 2)

This type of turbine has a slightly lower optimum efficiency than the Francis turbine but can
operate over a larger range of flow. The design discharge 15 m*/s will find the most suitabie
arrangement in three horizontal 2-jet units, each with a rated flow of 5 m 3s. The turbine
speed will be 333 rpm.

The Pelton turbines can operate at almost any water flow of Daral Khwar, but the low speed
requires an expensive generator in case of direct coupling. The adaptation of low speed by
a gearbox is not recommended.

The flood level of Swat River will require the seiting of the units at an elevation higher than
1418.2 m a.s.l.(shaft).

May-98 8.3-2
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Turgo Turbines (Alt 3)

Turgo !mpulse Turbines are sSimilar to Pelton Turbines in installation and operational
behaviour. Their advantage lies in a higher water discharge relative to the runner diameter,
leading to higher specific speed.

The range of this type of turbine is limited to about 300 m of head and 10 MW turbine
output.

The design discharge of 15 m*/s will find the most suitable arrangement in four horizontal,
2-jet units, each with a rated flow of 3.75 m %s. The turbine speed will be 1000 rpm.

Turgo turbines can operate at almost any water flow of Daral Khwar.

The flood level of Swat River will require these units to be set at an elevation higher than
1418.2 m a.s.|. (shaft).

Consultations with the most experienced Turgo Manufacturer (Gilkes) revealed that turbines
of this head and output have never been fabricated. After intense investigation with the
design department, it was found that the material would be stressed to its limit.

It was therefore decided to drop this option.

8.3.2.2 Turbine Selection as a Basis for the Feasibility Study

As a result of the findings described above a combination of Francis and Pelton Turblne has
been found to match best the requirement of Daral Khwar HPP. Discharges up to 2.5 m°/s will
be used by a Pelton Turbine, discharges above by two Francis Turbines.

The turbines will have the following characteristics:

Type: Pelton (Alt. 4) Type: Francis (alt. 4)
Number of Jets = 2 | Number of units = 2
Number of units = 1 |speed (rpm) = 1000.0
speed (rpm) = 500.0 |runaway speed (rpm) = 1610.1
runaway speed (rpm) = 900.0 |Runnerdia (m) = .83
Runner dia (m) = 1.31 |Inlet diameter (m) = 1.09
Nozzle dia (m) = 0.148 |Height of gate (m), = 166
Bucket size (m) = 0.458 |Unit Discharge (m%/s) = 6.25
Unit Discharge (m>/s) = 250 |Min. Unit Discharge (m°/s) = 25
Min. Unit Discharge (m*/s) = 0.31 | Rated Net head (m) = 286.7
Rated Net head (m) = 283.80 |Rated Output (MW) = 15.71
Rated Qutput (MW) = 6.40 |Approx. Eturb. (GWh) = 124
Approx. Eturb. (GWh) = 23 | Setting min (m) = -4.99
Setting min (m) = 234
A very similar arrangement has been instailed in an Austrian HPP with good results.
8.3.3 Design of the Selected Francis Turbine
8.3.3.1 Turbine Main Data
Type of Turbine Venrical Francis
Number of units 2
Rated turbine flow 6.25 m’/s
Rated turbine power max. 16 MW each
Turbine speed 1000 rpm
Runaway speed 1610 rpm
Runner diameter 830 mm
55-15-083 May-98 8.3-3
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8.3.3.2 Design Criteria
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Turbine Setting

The required setting is known to vary from one manufacturer to another. Due to the
expected sand abrasion problems, the turbine setting should be chosen conservatively, to
avoid accelerated cavitation.

The setting of the Francis units was determined at elevation 1410 m a.s.l., some 5 m below
tail water level.
Design Heads

The net head will vary from 305 m at maximum of tunnel reservoir and minimum operation
discharge at 2.5 m°/sec o 287 m at minimum reservoir and maximum operation discharge
of 15 m’/sec.

Tail water level will be constant at 1415.3 m.

The design net head at full discharge will be 293 m because of the operational
characteristics of the power plant.

Values lower than 293 m result from lower reservoir levels at the end of the four hour
peaking operation.

Efficiency

The peak efficiency point should be defined according to the mode of operation and the flow
duration curve.

Normally the peak efficiency point is located at around 80 % of the rated turbine flow.
Efficiency of Francis units is proposed lo be 93 % at the optimum point.

Turbine structures
*= The runner wiil be cast construction of chrome-nicke! steel.

* The steel structures of the spiral casing, covers, stay-ring, draft tube etc. should be made
from fine grained carbon steel.

* Stainless steel will be used for guide vanes, renewable sealing rings and aiso for bolts,
auxiliary piping, etc.

= A sufficient stock of spare parts should be kept for maintenance.

Inlet valves

A spherical valve will be installed. The valve diameter will be equal to the inlet diameter of
the spiral casing (approx. 1100 mm).

The valves will be provided with a bypass and a double acting servo-motor for opening and
closing, both being operated by oii pressure from the turbine govemors.

Two moveable sealing rings will be provided in order to avoid a dewatering of the pressure
tunne! in emergency cases. The upstream situated sealing ring will be closed in standstill
position of the turbine to enable the exchange of the downstream sealing.

Governors

Each govemor will be able to control the unit as well in paraliel operation with the network
as in isolated network.

The govemor wiil be equipped with a digital electronic govemor head to be installed in the
main turbine control board. The oil pressure system including the control valves for the oil
supply to the servomotors of the turbine as well to the servomotors of the spherical valve
will be instalied on the turbine floor. A local manual control for start and stop of the unit will
be provided.

May-98 8.34
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The govemors will be equipped with all necessary contro! devices for remote control and
water level control.

Design of the Selected Pelton Turbine
Turbine Main Data

Type Horizontal Pelton
Number of Jets 2
Speed 500 rpm
Runaway Speed 900 rpm
Runner diameter 131 m
Nozzie diameter 148 mm
Unit Discharge 25 m’fs
Minimum Unit Discharge 0.31 m’s
Rated Net Head 2838 m
Rated Qutput 6.4 MW
Setting min 234 m

For direct coupling to a synchronous generator.

Casing of cast stee! or double walied plate steel with noise damping filling.
Runner cast of stainless steel.

Turbine shaft of forged steel with flange.

Two nozzles regulated by oil servo-motor.

Nozzles and spear tip made of stainless steel.

Deflectors hydraulicaiiy controlled by the speed governor. Deflector plate will be made of
stainless steel.

Design Criteria

Turbine Setting

The setting has been determined at an elevation of 1418.2 m.a.s.li, 1.2 m above
powerhouse floor and 2.9 m above tail water level.

Design Head

The net head will vary from 301.8 m at maximum leve! of tunnel reservoit and minimum
operation discharge of 0.4 m’/sec. to 283.8 m at minimum reservoir level and maximurn
operation discharge of 15 m*/sec.

Efficiency
Peak efficiency of the pelton unit will be approximately 88%.

Inlet Valve

This will be a spherical valve with:

* 700 mm inner diameter for automatic closing by a weight loaded lever,
= Flanges at both sides,

= Disassembling flange at the downstream end,

= Bypass with two hand operated spherical valves and dewatering pipe leading to the
tailrace canal,

= Control equipment for remote operation of the releasing devices,

* Qil pressure operated servo-motor for the opening of the valve and the damping in
closing direction.

May-98 8.3-5
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A

Bifurcation Pipe
Inlet diameter Dia. = 0.70 m with flanges.

Governor

With hydraulic pressure supply system,

Remote controi and indication for the installation in the control room of the main turbines
Flywheel

A flywheel for coupling between flanges of turbine and generator shaft should be considered
it the finally needed inertia cannot be provided by the generator rotor.

[ P 8.3.5  Dewatering System
' The dewatering system is considered necessary to drain the conduit system and the lowest part

of the powerhouse shaft.

fj Dewatering of the conduit system is possible through the turbine units to tail water

corresponding to the actual water level of Swat River.
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The remaining water from the pressure tunnel, draft tubes and tailrace tunnel will be drained by
gravity into the tailrace. Pumps are instailed for drainage during flood.

The drain water of the turbine shaft will be collected in a drainage pil located at lowest
elevation of the turbine draft tube to be pumped into the tailrace.

3.3.6 Cooling Ventilation and Heating

Main Cooling System

The main cooling system is required for cooling of generator coolers, thrust and guide
bearings, turbine guide bearing, block transformers, etc.

The total cooling water demand has been estimated at approx. 80 I/s.

The water must be free from organic material and sediments. In order to reduce
maintenance works to a minimum, permanent water treatment needed for fresh water
cooling has been ruled out. It is proposed to install a closed water circuit system with re-
cooling through an easily maintained pipe system in the taiirace channel.

Cooling water will be collected in 2 tanks, capacity 3 m® each, in a room at generator floor
level. The water will be distributed from either chamber by a pipe system to the generator
coolers, turbine guide bearings, thrust and guide bearings, shaft seal eftc. and block
transformers.

The maximum inlet temperature should not exceed 30°C.
The heated water will be collected by a main pipe leading into the tailrace tunnel.

Heat back-cooling be realised will over a ring-pipe system, dimensioned for a minimal back-
cooling temperature of 30°C at 20°C tailrace water temperature.

The pipe system includes manual and automatic shut-off valves, thermometers, flow meters
and flow relays.

Ventilation

The power station is mainly above ground level and has sufficient openings in the exterior
walls to allow natural ventilation.

The Control room will have a separate ventilation system with equipment controlling the air
temperature and humidity.

May-98 8.3-6



—— v Ty oy o o oo sy
. — —_— — — NI, — .
.

¥

.06/38 1% 12 - &:\B5-Darafword-doc\55- 15-083.doc - 8

Feasibility Study — Daral Khwar Hydropower Project

Pakjstan-German Technical Co-operation {SHYDO-GTZ2)

8.3.7 Auxiliary Equipment

55-15-083

Powerhouse Crane

The powerhouse crane will be a bridge crane with a main hoist which can serve all normal
requirements for lifting and moving of heavy components dunng installation, maintenance
work and operation. The generator rotors are generally the heaviest components; lifting
height is determined by the generators. Additionally, the crane shall be provided with an
auxiliary hoist travelling under the main crane girder and away from the entrance gate. This
will increase the crane operating area and offer quicker service for the smaller components.

The main crane hook shall be capable of lifting the tallest component off the transport
vehicle and both the main and auxiliary hooks should be capable of reaching sufficiently low
to serve the turbine floor.

Main data:

Main hoist capacity, expected 35 tonne
Auxiliary hoist capacity 5 tonne
Bridge span, distance between rails 16 m
Crane travel 0m
Hoisting height 9 m

Additional auxiliary cranes are necessary at the turbine fioor, in workshops, etc.

Workshop Equipment
The workshop equipment should be sufficient to perform the following functions:

* Dismantling and erection of all turbine parts, as well as most other components related to
the power plant.

* Allow the repair or renewal of components which do not need specialized skill or
experience. This inciudes welding, drilling, tuming, grinding, etc., and the repair of the
power plani trucks and cars.

Oil Handling Equipment

A centralised oil handling system is not foreseen. Spare oil, as well as used oil, will be
stored in ordinary oil drums. The scope of supply shouid include equipment for taking oil
samples, manual and electrical transfer pumps with pipes/hoses and filters, as well as a
mobile, high grade filtering unit with oil separator. The latter can be coupied in parallel into
all oil systems, including the transformers, during ordinary operation.

Fire Fighting Equipment

In general, 6 kg hand held and 25 kg mobile fire extinguishers shall be placed at central
locations in both the power station and at the intake. In addition, the power station will be
provided with several taps for fire hoses on each fioor. The water for the fire fighting system
shall be taken directly from the bifurcation pipe. With special fog-spray nczzles, the
equipment can even be used for putting out oil fires as well as being operated close to the
electrical equipment.

May-98 8.3-7
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Loss function Peak time M 4 Fix loss /kW 100
factors q*2 Off peak time /h 20 eta Trafo 0.99
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0.0642 Alt. Min. im 1708 eta Turbine 4 084
eta Turbine 20 0.86
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eRY APR 98 116 95 1415 1716 1722 300 307 292 301 081 083 26848 6727 23270 3222 14 17 335 0039 0034 7.08 0.127 0048 0476 0650 30 25457627
1455 MAY 145 150 145 t415 1721 1723 306 308 291 294 081 083 34835 6727 34712 4320 22 26 730 0042 0036 708 0.181 0048 0777 1006 31 38962698
1495 JUN 149 150 149 1415 1723 1723 308 308 293 293 081 0.83 35044 6727 35775 4205 2t 26 745 0042 0036 7.08 0176 0048 0.775 0999 30 38749574
1497 JUL 150 150 150 1415 1723 1723 308 308 293 203 (081 0.83 35054 6727 35828 4347 22 27 772 0039 0034 708 0171 0048 0757 0976 31 40095411
12680 AUG 126 143 123 1415 1716 1723 300 307 287 208 081 083 32806 6727 29758 4068 18 23 555 0.039 0034 7.08 0.160 0048 0628 0836 3If 33758454
S0 SEP 55 72 52 t415 1716 1722 300 307 297 305 081 083 17077 6727 12763 2049 8 10 108 0039 0034 708 0.081 0048 0261 0383 30 14258439
275 OCT 28 45 24 1415 1716 1721 300 305 200 305 081 083 10629 6727 5006 1318 4 5 290 0039 0034 708 0052 0048 0125 0224 31 7374073
175 NOV 17 35 1.4 1415 1716 1719 300 304 209 303 081 083 8242 6727 3381 0989 2 3 12 0036 0031 708 0.036 0048 0064 0147 30 4531720
13 DEC 13 31t 10 1415 1716 1717 300 302 300 302 081 083 7281 6727 2366 0903 1 2 8 0036 0031 708 0033 0048 0046 0127 31 3803087
h h P P E
min  max max firm total
TOTAL 287 305 365054 €727 29 119 148 3352 1142 0572 4148 5862 365 222
048 038
Legend
Qtot m’fsec  Total discharge avaiiable for turbining Pfpeak kW Firm peak capacity (avaiabie dhours per day ail over the year with 95% probability)
Qturb4 m’/sec  Discharge avaiable for 4 hour peaking Poffpeak kW Average capacity during off peak production
Qturb20 m'fsec  Discharge available for 20 hor offpeak production E/peak GWh Peak energy
alt. Indus m Waterlevel of Swat River Eloffpeak GWh Off peak Energy
altintake 4 m Average Waterlevel of headpond for peaking Eftot GWh Total energy
aftintake 20 m Average Waterlevel of headpond for offpak production Vipeak $/kWh Value per kWh of peak energy
h4 m Gross head available for 4 hour peaking Vioffpeak $/K&Wh Value per kWh of off peak energy
h20 m Gross head available for 20 hour offpeak production PHApeak $/K&Wfirmcap Value per kW of firm capacity
h4 net m Net head available for 4 hour peaking B/peak Mio$ Benefit of peak energy
h20 net m Net head available for 20 hour offpeak production B/Firmcap Mio$ Benefit of firm capacity
etad Total efficiency during peaking Bloffpeak Mio$ Benefit of off peak energy
eta20 Total efficiency during offpeak production Bhotfirm  Mio% Total benefit
Ppeak kW Peak capacity
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8.4

8.4.1
8.4.1.1

8.4.1.2

8.4.1.3

842
8.4.2.1

55-15-084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

ELECTRICAL EQUIPMENT

This chapter summarises the feasibility design considerations for the electrical installations of
the powerhouse. These layouts form the basis of the cost estimates and will serve also as a
basis for the future final design.

The electrical equipment consists mainly of -

» two vertical shaft generators of 18 MVA and one horizontal shaft generator of 7.5 MVA
connected via 11 kV cabtes to a 11 kV switch board.

e auxiliary supply for all power needs of the powerhouse and intake area designed to give a
maximum level of reliability.

» control and protection devices for all functions of the plant including the 132 kV switchyard.

Border Conditions

Codes and Standards

All electrical equipment shall comply with the IEC (International Electro-technical Commission)
standards. In case of non-existence of relevant IEC standards, BS or VDE/DW standards shall
apply. Where available relevant Pakistani standards and codes shall be respected.

Site Conditions

» Altitudes + Temperature
Powerhouse 1417 m.a.s.l. Air max. 33°C
Weir 1723 m.as.l. Air min. o°C
L Air Average 16°C
+ Humidity Water max. (Daral Khwar) 20°C
Max. 91% Water min. (Daral Khwar) 4°C
Min. 8%
Mean 68%

System Requirements
s [nsulation Co-ordination

WAPDA standards require an Impulse Withstand Vollage of 650 kV for the 132 kV system.
This value corresponds to the higher altemative of IEC standard No.71 which offers two
options, namely 550 kV and 650 kV. Thus, a high lightning intensity has been taken into
consideration.

Forthe 11 and 33 kV system, values 95 kV and 170 kV respectively have been taken for the
Impulse Withstand Voltage.

+ Short Circuit Withstand
A power system analysis has been undertaken, considering all projects planned to be
undertaken up to the year 2015.

As a result a short circuit level of 1400 MVA has to be established at 132 kV level in Dara}
Khwar. According to WAPDA'’s standards, the minimum short circuit on the 132 kV system
is a current of 20 kA. The corresponding values are 12.5 kA for 11 kV and 16 kA for 33 kV
equipment.

Generator of Francis Turbines (18 MVA)

Design

The desigh of the generator is mainly determined by the layout of the turbine.

The rated output of 18 MVA corresponds to a nominal turbine power of about 15.3 MW and a

power factor of 0.85, is considered sufficient to satisfy the reactive power demand of the
system.

The voltage was chosen to be 11 kV, appropriate for this size and standard in WAPDA system.

May-98 8.4-1
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8.4.2.2

84.23

8.4.2.4

8.4.2.5

8.4.2.6

55150684

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Rotor

The rotor dimensions area function of the speed n in sec-1, the capacity S, in MVA, the desired
GD2 (WR2) in tm2 and constructive factors.

D:\/(’D L 0.0055xn :Fx0,00SS)r]OOO =1.99 Say 2m

Sn k 18x2.7

/- Sn _ 18
© P x0.0055xn 2% x 0.0055 x 1000

=0.82mSav085m

For this bore diameter, the most appropriate is a design of solid forging with thick steel plates
welded together to a solid body.

The poles shall be laminated and be provided with a damper winding for the required
operational stability.

Stator

The stator shall be framed by welded steel rings on both sides which will transmit all dynamic
and static forces through supporting feet to the base plates into the foundations. For proper and
effective cooling, the generator core shall be divided by radial air gaps for air flow through the
generator core. The winding shall be designed so that a generated wave form is as ciose {0
sine wave as possible.

The stator winding shall be made of bar or coil winding system, with an insulation of continuous
tape impregnated with synthetic resin in vacuum and subsequently cured. The coils must be
provided with a necessary anti corona protection at the end of the slot sections. The generator
shall be able to run at 10% overioad without exceeding the temperature limits.

Bearings

The generator will be of conventional design with an upper combined thrust and guide bearing
and a lower guide bearing. The thrust bearing should therefore be designed to carry the
combined weight of the generator rotor, shaft and turbine runner, as well as the hydraulic thrust
during operation. To allow the unit to be operated with intermittent start/stop, the thrust bearing
will be equipped with a high pressure lubrication system. This will provide the initial oil film at
start-up and running out and virtually eliminates the breakaway torgque.

Cooling

The generator shall be air cooled and self-ventilated by axial or radial ventilation through the
rotor, itself acting as a fan. The air will be re-cooled by air/water heat exchangers situaled
outside the stator housing. With this design a closed air loop system inside the generator pit is
formed thus avoiding pollution through atmospheric impurities.

Excitation System

Two types of excitation system have been considered for generator excitation:

a) Static excitation
b) Rotary excitation

Static excitation has the advantage of being quick response, can deliver fully reversible
excitation voltage and as the static system can be inserted in the control panels, it reduces the
height of the generator pit.

Rotary excitation consists of an AC exciter machine together with a converter bridge mounted
on the shaft. This system does not require slip rings and carbon brushes and maintenance is
considerably reduced. Field flashing to initiate voltage build-up is also eliminated, thus
considerably reducing the size of the station battery.

As the disadvantage of slow regulation speed has no significance on a 1000 rpm speed
generator, the advantages of the Rotary excitation system are obviously convincing. It is

May-96 8.4-3
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8.4.2.7

84.28

8.4.2.9

5515084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

therefore proposed to install in Daral Khwar a thyristor controlled rotating exciter system which
constitutes a fast, maintenance free system with well defined frequency characteristics.

Voltage Regulation

The voltage regulator forms part of the excitation system its primary task being to maintain the
voltage of the power system and the transient stability in the network. An additional task is to
protect the generator against thermal strain in winding and iron.

The regulator shall have the following functions:

Voltage regulation

Field current regulation

Field current limiter

Reaction compensation
Supervision and Logic Circuits
Following of Line voltage during synchronising
Under excitation limiter

Stator current limiter

Power system stabiliser
Power factor regulator

Active compensation

The equipment will be powered from the 110 V DC station battery via a DC/AC convenrter if
needed.

Generator Summary

+ Number 2 ¢ Weight of Rotor 31 tonne
s Capacity 18 MVA + Weight of Stator 17 tonne
o Speed 1000 rpm » Total weight 56 tonne
+ Runaway speed 1500 rpm o Moment of Inertia (WD?) 35 tm?

s Voltage 11kV 5% ¢ Winding Insulation Class F

¢ Power factor 0.85 « Ulilisation Class B

+ Efficiency 98% » Cooling Air/\Water
+ Bore 2m + Excitation Rotary

» Length of Rotor 0.85m

Generator of Pelton Turbine (7.5 MVA)
The Pelton turbine will drive a 7.5 MVA synchronous generator with the following main data:

» Nominal capacity 7500 kVA

+ Nominal Speed 500 rpm

+ Runway speed 800 rpm

 Nominal Voltage 11kV/50hz

 Power Factor 0.8

+ Type IM 7201 (D9)

+« Bore 275m

+ Length of Rotor 035m

» Moment of Inertia (GD’ 56 tm”

» Protection Class IP44, (1P23 / for the exiter)

» Insulation Class F

» Temperature rise acc. to class B

o Cooling Air/Water

s  Weight 36 tonnes (Rator 20 tonhne, Stator 14 tonne)
» Excitation Brushless with Rotary diodes with the following functions:

* Voltage regulation {Pl) * Power factor regulation

* Field current regulator  * Stator current limiter

* Fieid current limiter * Start-up exiting through remanence
* Reaction compensation * Supervision and Logic Circuits

May-98 8 A4
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8.4.3.1

8.4.3.2

55-15-084

Pakistan-Gennan Technical Co-operation (SHYDO-GTZ)

Transformers
There are 2 main step up Transformers, and 2 auxiliary Transformers instailed.

Main Transformers

The 11 kV busbar is coupled to the 2 main transformers to step up the generating voltage of 11
kV to the transmission voltage of 132 kV. The Transformers are instalied in an open air
switchyard adjacent the powerhouse and linked by cabie to the 11 kV busbar.

+ Design

The transformers shall comply with the system requirements and be built for solidly earthed
neutral on 132 kV side. Cooting shall be performed by natural fiow up to 20 MVA and forced
by fans from 20 MVA to 26 MVA. (ONAN/ONAF)

The delta connected winding on the medium voltage side will provide a closed circuit for
possible third harmonics originated by the generator. The high voltage winding is Y
connected with the neutral taken out on a separate termina! for connection to earth.

« Rating and Data

Capacity 20/26 MVA
Voltage primary 11 kV
Voltage secondary 132 kV £ 5% + 10%
Frequency 50 Hz
Temperature rise 55°C
Power factor 0.8
Vector group YN d11
Impedance 12%
Cooling ONAN/ONAF
On foad tap charger Yes
¢ Weight + Dimensions Install Transport
Total 25 tonne Height 52m 27m
Transport 14 tonne Width 34m 2m
Qil 7 tonne Length 56m 3.5m

Auxiiary Transformers

Auxiliary transformers will be installed for the powerhouse auxiliary supply and the intake area.
The transformer, for powerhouse and intake area, will be outdoor installed and consequentiy a
conventional oil immersed hermetically sealed distribution transformer can be used.

The transformers have the foliowing ratings

Power House Transformer Intake Transformer
Number 1 1
Capacity 400 kVA 100 kVA
Voltage
Prnimary 11 £ 2.5/5% 11 £ 2.5/5%
Secondary 0.4 kV 0.4kV
BIL 75 kV 75 kV
Frequency 50 Hz 50 Hz
Vector group Dyn 11 byn 11
Type Oil Qil
Cooling ONAN ONAN
Impedance 6% 6%
Dimension
Length 1470 mm 1030 mm
Width 990 mm 780 mm
Height 1700 mm 1600 mm
Weight 1460 kg 660 kg
May-98 8.4-5
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8.4.4
8.4.4.1

8.4.4.2

515084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

132 kV Switchgear
Selection of Switchgear Arrangement

For Daral Khwar Powerhouse, designed as an extemal type structure and with no fack of space,
an outdoor switchyard is the most cost effective design.

There exists a variety of different designs such as:

single bus-bar, double bus-bar, single circuit breaker system, bypass system, double breaker
systern and so on.

The variants differ basically in cost and reliability. Main power plants whose loss will seriously
affect the main grid, or have high production capabilities for fong periods of time, will usually go
for high reliability designs even at possibly disproportional high costs.

At Daral Khwar full production is calculated to occur for about 4 months in a year, the three
units will allow a sufficiently high operational flexibility and there are two lines connecting to the
grid.

The increased cost for the different mulli circuit and breaker systems must be weighted against
the benefits of higher flexibility and availability in operation and maintenance.

In particular such benefits will occur, where for example in the case of circuit breaker failure the
risk of a subsequent complete shut down of one of the units is larger than with a more compiex,
circuit breaker system. The risk of a circuit breaker failure is however difficult to predict. It
depends not only on the statistical fatiure rate of the breaker itself, but also on the mode of
operation of the plant and the quality and intervals of maintenance. Life expectancy for the
equipment is very high under rated conditions.

Based on the above considerations, the best altemative is a:

Single Bus-bar with a
Single Circuit Breaker System.

Maintenance of the breakers can be done during the winter months with one machine only
running and/or connecting the plant to one of the outgoing feeders only.

To avoid longer production interruptions, i.e. in the case of an unexpected failure, a set of
sufficient spare parts should be available at the plant.

Design

The switchgear was assumed to be the conventional outdoor type with modern SF6 circuit
breakers. The design consists of six bays: two for the main transformers, two for the outgoing
line one for the grid station transformer and one for bus-bar voltage transformers and earthing
switch. There is also space for one extra bay.

The following design criteria would apply:

Installation of equipment : Outdoor

Highest Voltage for Equipment : 145 kv

Rated short circuit current (1s) : 23 kA

Rated impulse withstand voltage (1.2/50us peak value) : B850 kV (to earth)

IEC 815/85 recommends creepage distance values ranging from 16 mm/kV (r.m.s. phase 1o
earth voltage) 1o 31 mm/kV. In Pakistan, a very long dry season is often followed by a sudden
sometimes viclent and strong start of the winter season. These conditions could cause a
considerable buildup of dust on the insulators and hence the creepage distance should not be
under-estimated. It is proposed that a minimum distance of 3620 mm corresponding to 25
mm/kV should be adopted. The IEC characterises this distance as being suitable to cover
conditions in industrial areas with relatively severe poliution. Since the dust is probably not very
pelluted, it will maintain a comparativety loose consistency and should anyway be washed away
by the first showers.

May-98 8.4-6
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LOCATION OF 132 Kv SWITCHYARD
DDARAL KHWAR HPP

Figure 2
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8444

8.4.4.5

55-15-084

Pakistan-German Technical Co-operation (SHYDO-GTZ}

The size of the bus conductors will be 600 mm- ACSR cabile, mounted between steei structures
at a distance of 36 meters.

The distance between different phases should be 3.5 m as generafly adopted in WAPDA
switchyards. in case of a short circuit, the bus cables are attracted, but because of the short
distance of 48 m beiween the steel structures, the displacement is negligible. The minimum
distance for 145 kV systems should be 115 cm, as VDE 0101, for outdoor installations. The
insutation of the bus wiil be done by a double insulator chain of 12 discs each, type 146/254
mrn or simitar,

Circuit Breakers

Each transformer feeder will require for 132 kV switchgear a power circuit breaker with a
nominal rating of 1.250 A and 145 kV. The interrupting capacity shouid be above 5,000 MVA,
which corresponds to an impulse current of 31.5 kA asymmetrically.

it is recommended to use SF6 gas breakers,

The proposed three phase breakers will aiiow fast reclosure operation at line fauit. A motor
driven spring charging mechanism is proposed, as it requires less maintenance than a
hydrauiic mechanism.

The basic dimensions as the followings:

e basic size 065x065m
* height about36m
+ distance between centre lines 1.8-20m

The three poies should be mounted together on a common base. The auxiliary energy will be
supplied by 400 V ac from the station service generator of the power plant.
Disconnecting Switches (Isolators)

The disconnecting switches will be electrically group operated. This way they will withstand
more than 310 kV between open contacts and a short circuit impuise current of at least 31.5 kA
when ciosed. The nominal rating in closed position will be 800 A and 145 kV.

The dimensions are approximately:

« total height 1.90m
+ total tength 1.85m
« length of moving arm 0.85m

Ali disconnecting switches wilt be mounted on steel structures to reach the necessary height of
terminais for electrical connections. The distance wiil be 3.0 m between the centrelines of
disconnecting switches.

For the outgoing lines, an additional earthing switch will be required. it consists of a blade
mounted on the base, at the botiom of the coiumn, that is orientated to the line side. The
specifications will be as per IEC for short circuit conditions.

Measuring Equipment

Each unit will be equipped with current and a voitage transformers between the main
transformer and the main circuit breaker. As there will be sufficient space available, there is no
need for bushing CT. it is proposed to install independent current transformers which give a
higher flexibility.

On the outgoing lines, combinations of current and potential transformers are required for
metering and synchronising. An area of 60 cm x 60 cm is needed for mounting one transformer
in each phase. it is proposed to install a capacitive voltage transformer on one phase for the
purpose of Power Line Carrier (PLC) connections and for eventual synchronisation needs.

May-98 8.4-8
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8.4.4.6

8.4.5

8.45.1

Pakistan-German Technical Co-operation (SHYDO-GTZ)

All measuring transformers are assumed to be in the accuracy class 0.5 %, in accordance with
normal practice. During the detail desigrn, accurate ratings for the current and voltage
transformers should be derived.

Surge Arresters

On the incoming lines Surge Arrester (SA) shouid be connected to each phase. Additionally,
one group of three SAS will a be included on each transformer bushing as shown in the generai
layout of the switchyard.

Gapless metal-oxide arresters are proposed. The magnitude and duration of temporary power
frequency over voltages are important design criteria and, accordingly, they must be defined
during the detail design phase by the successful bidder .
Medium and Low Voltage Installations
« Powerhouse
The medium and low voltage installations are designed to guarantee a reliable power supply
for ali functions of the hydropower station.
The 11 kV main bus-bar is fed by Turbines or by the the 132/11 kV main transformers.

One 400 kVA transformer will feed the 0.4 kV station service bus-bar which is divided in an
essential and a non-essential section. The essential section can be fed by a 250 kW
emergency diesel set.

This arrangement guarantees enough reliability to secure all essential power needs for
security, protection and a biack start-up.

o Intake/Weir Area
Two options were considered for establishing a power supply to the intake area:
* by a tunnel cable;
* by the planned 11 kV overhead line for rural electrification of Daral Khwar vailey.
Due to its simpler technaology and the considerably lower price, preference was given to the
overhead line solution. The line will pass alongside the embedded penstock to the valve
chamber/surge tank and then foliowing the 1900 m contour line until the crossing with a
forest road. The line will then foliow the road for some 1000 m and then from an altitude of
2000 go steadily down to 1800 m for another 1000 m. From there just above the intake the
line will descend to 1800 m to the intake/weir. The length of the line is about & km. A
communication cable will be mounted on the same poles.

Medium Voltage

The primary purpose of the 11 kV switchgear is to supply auxiliary power for the power plant.

The switchgear will be iocated in a separate room in the powerhouse.

For the auxiliary supply and the generator circuit breakers, these systems shall be equipped
with modem fuse disconnect switches and circuit breakers of SF6 or vacuum type enclosed in
cubicles thus providing high personnel safety.

Design criteria: 12 kV
Type of cubicies: Metal-clad Cubicles on trucks
Rated short circuit current (1s) 30 kA

Rated lightning impulse withstand voltage (earth to earth): 75kV
Fuse disconnector switches: The failure of a fuse shall open the
disconnector switch automatically.

May-68 8.4-12
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Intake Area One Line Diagram
Daral Khwar H.P.P.
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8.4.5.3
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The connections between the generators and the 11 kV bus-bar and the main transformers wil!
be made using 12 kV single phase cabies. For the rating of 950 A or 1150 A respectiveiy this
design will offer the mast economic solution. Their charactenstics are:

» Type; XPE, 240 mm2 Copper, Single Core
+ Length: 60m

« Disposition: 2 cabies per phase iaid in 2 bundles of 3 cables instaiied in cabie ducts

Low Voltage

The low voltage A.C. distributicn system will be designed as a 400 V, 3 phase four wire plus
protective (earth) conductor system.

Normally the station service bus will be supplied by the station supply transformer connected to
the 11 kV grid bus.

if this supply is not available (which is extremely unlikely}, a standby diesel generating set shall
start automatically and provide power for supply t¢ essential eguipment.

The intake and powerhouse distribution systems should be designed with a normal main switch-
gear and an essential load switchgear interlocked with bus-breaker for automatic separation in
failure situations. If a black-out occurs in the main system, the feeder connected to the
essential load bus-bar will feed all essential loads from the standby diesel generator.

During normal operation, the AC switchgear with double bus-bars will be operated with closed
bus-breaker, in other words, the essential load distribution system will be continuously
energised during normal operation to ensure the system availability. The distribution system will
supply low voltage power to all plant service systems, lighting and battery chargers, including
all power cables, local control cabinets with necessary motor starters and sub-distribution
panels. From the battery banks d.c./a.c. power converters will provide uninterrupted power to
essential control functions.

All motors shall be powered and controlled through motor starter units assembled in motor
control centres (MCCs). The starters are assumed to be of the withdrawable design where each
unit may consist of more than one starter. The number of MCCs woulid be determined by their
lengths and availability to the localisation motors.

DC Supply
s Design

The purpose of the battery system is to provide a safe and reliable supply of power and
control voltage to all primary functions. The system is independent of all other power
systems and ensures reliable execution of the control functions, both for normal operation
and during possible fault conditions.

For the powerhouse the recommended direct current supply is based on a duplicated supply
design. The two independent 110V battery systems, each with a separate main distribution
switch-gear, will both feed each of the local DC distribution bus-bars.

The double battery system wiil mainly provide power to the complete Plant Control System.
the Local Control System, the control voltage for the hardwired part of this system and DC
equipment such as motors for black-start procedures.

Some instrument protection devices or computer interfaces will need 24V or 48V DC supply.
in this case AC/DC converters should be used. The use of separate 24V or 48V batteries
should be made available.

The battery system for the intake will provide power mainly to the intake Local Control

System and the contro! voltage for the hardwired part of this system. Particular functicns
which must be performed in the intake area are water level monitoring and gate control.

May-98 8.4-15



Feasibility Study — Daral Khwar Hydropower Project Peakistan-German Technical Co-operation (SHYDO-GTZ)

e Dimensioning

The powerhouse batiery shaii guarantee the function of aif vital eilements to bridge a timely
limited power failure and to shut down and restart the plant safely. The capacity will be
established as foliows:
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N Power Duration Capacily

Use Emergency Lighting W h KWh
5 spots on 5 floors 25x40w = 1000 6 60
Plant Control System (PCS) 1000 24 24
Unit Control System (UCS) 6x200w = 1200 24 28.8
Protection System 2000 1 2
Auxiliary Power 11 kV 1000 05 05
Auxiliary Power 132 kV 1000 1 1
Lubrication pumps 100 0.6 0.06
Hydraulic pumps gates + valves 4
Hydraulic pumps governors 1
Telecom/Telecontrol/others 10
Say 80 kWh 77.9

Voitage = 110V

. 80,000
Capacity = 727 Ah
110

Efficiency and aging factor = 07

Battery capacity 727 Ah / 0.7 = 1038 Ah

Say = 1100 Ah

The batteries will be installed in a separate, specially ventilated battery room on racks. The
net space requirement will be 3 m? if arranged in 4 levels.

The battery charger will be dimensioned to recharge the batteries in 10 hours time according
to voltage current (V-J) characteristics. In order to assure proper gass free charging, its

capacity will be

1HH00Ahx 110V

10hx 08

= I5 kW

At the intake another emergency battery pack will be installed with the following capacity:

Use Power Duration Capacity
w (h (kVVh)

Lighting 200 6 1.2

Control 150 48 7.2

Telecom 50 48 24

Hydrauiic 2

Others 1

13.8 kWh
Say: 14 kWh
Voltage 110V Capacity —{i—”"(-)i 181 Ah say:20045h

110x0.7 ;

The battery charger will have a capacity of:

May-88
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8.4.6

8.4.6.1

8.4.6.2
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200A4hx 11017
10 hx 08

Pakistan-German Technical Co-operation (SHYDO-GTZ)

2.8 kW

The space requirement of the complete set (battery and charger) will be 1 m" if arranged on
racks with at least 4 levels.

Control and Alarm System

The plant will be equipped with a state of the art computerised control system. The main
advantage of this type of control over the traditional hardwired type is the replacement of the
big number of cables and wires for communication between the different points of control of the
plant by a single fibre optical wire. All switching, alarm and control conditions are fixed in a
computer programme which is easier to install, diagnostic and to maintain. The risk of faulty
connections is reduced considerably, the installation provides more clarity thus facilitating a
fast and simple error diagnostic, future modifications can easily be introduced without
disturbing the operation of the plant.

The system consists of the following elements:
1 No. Plant Control System with

- 6 No. Unit Control System

1 No. Data Communication System

Plant Control System (PCS)
This will be installed in the control room which will be equipped with:

an elevated floor for cable distribution
air conditioning
a galvanic isolated power supply, eguipped with overvoltage devices

The Plant Control System will allow an overall control and monitoring of the plant. The
operation of the whole system is carried out from the Plant Control System.

Process control, iike command procedures, interlocking routines, etc., are handled by the Unit
Control Systems, so that no failure in the PCS will disturb the operation of the plant.

The Control System Software shall include all state of the art functions. Basically three modes
of operation of the power plant will be needed:

o Load controlled operation with time-dependent function; used for standard operation of
ponding and peaking

s Water level controlled operation, aiming to keep the water level in the intake reservoir
constant at a defined level

+ Operation on an isolated grid; used in case of interruption to the national grid.

Combinations of the control modes wiil be useful.

in any case the Plant Control System will distribute the load between the units to maintain
optimum power production or to meet other specified criteria.

The Unit Control Systems
Will be employed for process control of the following units

UCS1
UCs2
UCS3
UCS4
UCSs
UCSé

Generating Unit 1
Generating Unit 2
Generating Unit 3
Auxiliary System
132/11 kV Switchyard
Intake Functions

May-98

8.4-17
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8.4.6.3

8464

5-15-084
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The UCSs shall co-ordinate and perform the operational tasks commanded by the PCS.

» The UCSs shall comprise programmable controllers (PLC) based on micro-processor
technology, and shall perform all functions for accessing, analysing and acting on the
information from the process equipment.

« The UCSs will be connected by optical fibres and an interface with the plant control (PCS).

+ In the “Local Control” mode, the manual control panel of the UCS is to be in operation.
Operation of the devices connected to the UCS must then be performed directly.

« Unit Control System for the Generating Units (UCS1, UCS2 and UCS3).
The UCS for the generating units will be programmed for fully automatic start and stop
procedures for the units, including synchronisation. However, the operation and functions of
the voltage regulators and the turbine governors will be independent. The initiated
procedure would carry out sequentially all command actions and the sequence of operations
together with the immediate status would be transferred to the PCS.

+ Unit Control System for the Power station auxiliary supply (UCS4).
The UCS supervises the plant auxiliary power supply system and provides automatic
switching to the available power sources according to an agreed priority schedule. In
addition to the auxiliary power supply, including the medium voltage equipment, UCS4
supervises the drainage pumps, ventilation system, the cooling water pumps, the chilled
water system, light and small power etc. (The fire fighting system will have an independent
conventional control system).

o Unit control system for the HV/MV switchyard (UCS5)
This and the protection relays will be located in the powerhouse control room. The UCS is
interconnected with the local control panels for the 132 kV and 11 kV switchgear and the
relay protection panels which will actuate independently from the UCS.

¢ Unit control system for the intake (UCS6)
This UCS is located in the intake gate house and will supervise the standby diesel
generating unit, the power supply and the gates as well as signals from the intake to the
powerhouse and the water level controlier.

For security reasons the flushing gates will be manually operated at site but signals for
“open/closed” will be recorded in the PCS.

Communication between the PCS and the UCS

This will consist of a fibre-optical cable system. The communication layout can either be a bus
system, a loop system or a star system.

in “Manual Control” mode

In this mode the UCSs are put out of automatic operation; each operation is performed locally
on each device.

In addition, manual operation can be performed directly on the equipment, i.e. on the
generating units, switchgear panels, motor control cubicles (MCC) etc., and ali monitoring and
control must then be done locaily from the UCS mimic panel. The design of the local control
panels must include equipment for indicating status and control of major parts such as
generator, turbine, breakers, switches, control of alarm, level set-points, etc.

Start, stop and other control of the generating units must be possible by manual operation. The
monitoring and operation are done by means of the control panels for the automatic voltage
regulator (AVR) and the turbine govemor as well as by manual operation of valves, switches
etc. for manual operation together with focal instruments. Also, an independent emergency
stop function for the generating units must be instalied for use in the event of a severe fault,
e.g. fire or flooding. The emergency stop function is initiated by the emergency buttons which
are to be instalied at selected locations.

May-98 8.4-19
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8.4.7

55-15-084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Protection Equipment

Separate relay protection cubicles comprising modern etectronic relays will be installed. All
relays shall preferably be of the same make (manufacture) to build a uniform modular system.

The functioning of the protection relays shall not depend on the control system. The relays are
to be organised in two groups so that one group provides back-up protection for the other

group.

Auxiliary power shall be taken from the 110 V D.C. system only. Separate circuits shall serve
the two groups of relays in order to obtain maximum reliability. The relays shall be capable of
operating properly with voltage vanations of -20% fo +10%.

Generation Protection

The generator is linked to the primary winding of the transformer by underground cables. To
avoid the build-up of dangerous over-voitages in the event of an arcing earth fault, possible
due to the relatively high capacitance of the system, the generator neutral point must be
earthed through an impedance which will limit the earth fault current to a suitabie value.

It is modem practice to use a distribution transformer in the range of about 5 - 20 kVA. The
secondary winding, which is designed for a voltage of 100 - 500 V, is loaded with a resistor
of a value which, when referred through the transformer ratio, will pass a suitable fault
current. The resistor is therefore of low chms value and can be of rugged construction while
still presenting a high equivalent value in the generator circuit.

As a basis of design, the resistive compoenent of fault current should be one to five times the
residual capacitive current (that is 3 x Ico). It is proposed to install the earth fault relay in the
secendary circuit of the earthing/distribution transformer.

The 18 MVA (Francis) generator protection shall consist of:

Over-funder voltage relay.

Overfunder frequency reiay.

Over current/short circuit relay.

Reverse power relay.

Negative sequence current refay.

Loss of excitation relay (Minimum reactance relay).
Shaft current relay.

Rotor (field winding) earth fault relay.

Three phase generator differential current relay.
Stator earth fault relay.

Vibration and shaft movement supervision relay.
Winding thermal relay.

*OOE OF X N X X O R ¥ X *®

The 7.5 MVA (Pelton) generator will be protected by:

Over/Under Voltage relay

Over/Under Frequency relay

Over current/Short circuit (voltage depended) relay
Differential relay

Reverse Power relay

Synchro-check relay

LR TN B B B

The 132 kV transformer protection will include:

- Oil temperature and level control.

+ Buchholz relay.

« Three phase over current relay as backup device.

= Three phase unit block differential current relay.

+ Neutral point earth fault current relay (common for all uniis).

% %X X ¥ %

May-98 8.4-20
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8.4.8
8.4.8.1

8.4.8.2

84.8.3

55-15084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

* The 132 kV transmission line protection comprises:

Three-phase minimum impedance relay with fault location facility.
Three phase over current relay.

Earth fauit relay.

Synchro-check relay.

L2 TR R

» The 11 kV/0.4 kV auxiliary transformer protection consists of :

* Qil temperature.
= Buchholz relay.
* Three phase over current relay {as backup).
* 11 kV Distribution Line Protection comprises:

* Three phase over current relay.

= Three-phase re-closure relay.

= Earth fault relay.
Telecommunication and Watches
Powerhouse Communication

Within and outside the area of the powerhouse an appropriate communication system is

needed. This will make it possible to communicate the coperational instructions to concemed
sections.

A digital telephone network is to be installed in the powerhouse to cover the entire plant -
powerhouse, intake and the residential camp.

Each generating unit will include at ieast one teiephone per floor. All cranes should be
connected to this communication system, as well as the working and lay down areas. The
central exchange will be connected to the station battery so that there will be no outage in the
case of a complete shutdown of the plant.

The system will include 5 loudspeakers and 20 telephone sets.

Powerhouse Intake Communication

To iink the powerhouse with the intake area, several altematives are considered:
* Power Line Carrier on 11 kV or 132 kV System (Expensive End Stations).

« Fibre Optical Conductor in Headrace Tunne! (Expensive Design of Cable).

= Fibre Optical Conductor on 11 kV Overhead Power Line.

» Conventional Communication Cable on 11 kV Overhead Power Line.

» Radio Link (needs expensive maintenance, and requires a transmitter station as a high
mountain separates the two head stations).

As the distance between the two stations is short (about 5 km) and within the reach of a
conventional communication cable without intermediate signal amplifier, a copper cable,
clamped onto the 11 kV Power Overhead Line would be the cheapest altemative.

Altematively, an optical fibre cable also clamped to the 11 kV Power Overhead Line has
advantages in reliability, quantity of information which can be transmitted and, most important,
no problems with electro-magnetic interference which for outweighs its higher price. It is
therefore recommended to adopt the optical fibre cable clamped to the 11 kV Power Line.

External Communication

WAPDA uses for its communication between powerhouse and load dispatch centre a sysiem of
power line carrier. The coupling is done between one phase and earth which makes it

necessary to install for each communication line one line trap and one coupling capacitor at
each terminal.

May-98 8.4-22
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It is planned to integrate Daral Khwar HPP via Matiltan into the system, these:
» These line traps and capacitive voltage transformers will be installeg.

* The location of the eguipment will be partially in the switchyard, and partially in the area of
the control room. The 48 V supply will be made by DC/DC Converters fed by the 110 V
! 5 main battery.

» This system will give the possibility for voice and signal transmission on the 132 kV line
between the powerhouse and the remote load dispatch centre.

Ar—y——

{ ) ¢ The control room is additionally connected to the public telephone system to guarantee the
' communication with the power plant in case of a failure of the power line carrier system.
Radio communication should be added for additional reliability.

[ 8.4.8.4 Watches

An independent system of watches which can be synchronised with outside systems, if
£ necessary, will be installed for control purposes. Each generating unit will have a digital time
o indication. The master clock will be instalied in the control room.

8.4.9 Lighting and Smal! Power

———

Ty

An adequate indoor and outdoor lighting with illumination levels in accordance with recognised
. standards will be provided. Inside the powerhouse, an emergency lighting system powered from
E the station battery must be installed; the system wili operate the instant normal power supply
& fails.
-

AC lighting and smali power socket outlets, for 240 V, shall be singie-phase, connected
between phase and neutral of the 400 V system.

Fluorescent lighting fittings are preferred everywhere indoors where it is feasibie. For outdoor
lighting, sodium floodlights with built-in gear for high pressure sodium lJlamps are
recommended. In order to reduce the number of equipment types and sizes which have to be
stocked as spares, there must be standardisation of both lamps and fittings. This will result in
relatively few varielies.

™ rEk
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Under normal conditions, both the emergency and normal lighting will be in operation. These
two systems will have totally separate circuits with power supply as follows:

R
L

» Emergency lighting:

In normal operation, it is directly powered from the 415 V essential switchgear. At plant
supply failure the following occurs:

vy

The first 60 seconds supply comes from the main batteries through a DC/AC converter.

After 60 seconds, the supply is obtained from the standby diesel generating unit (essential
load switch-gear separated from normal supply).

Both systems have as a main concept, common distributed “on/off" switches. Emergency
lighting will therefore not come on automatically in vacant rooms where the light is off.
However, special consideration must be paid to areas containing “escape routes”.

. » Normal lighting:
Always powered from normal switch-gear

It is recommended that the normal lighting system should be designed according to the
following design criteria:

8515084 May-88 8.4-23
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Type of area illumination level
QOutdoor:
, Areas with common staff traffic 50 lux
N Other areas, as dam intake area 20 lux
indoor:;
" Offices, controt rooms, switchgear rooms 400 fux
l - Storage rooms, corridors, etc 100 jux
Tunnels 50 lux
i . Equipment rooms 50 lux
} Machine hall, etc. 100 Jux

The illumination requirement for the emergency lighting shall be at least 1 lux over all the
related areas.

The portable battery hand sets shall be available for additional DC lighting during
maintenance works, etc., in case of AC failure. They shall be placed at various places in the
powerhotse.

Exit lights shall be installed above doors, staircases, etc.; during blackouts these shalil be
. powered from their intemal batteries for a minimum of 15 minutes.

The following outdoor areas have 1o be illuminated:

v

M ~ ¢ |ntake Area

i :

% I Access road
intake gate and trash rack
Dam crest

! Gates

Reservoir surface upstream using reflectors
River surface downstream using reflectors

+« Powerhouse area

Access road

Switchyard

Tailrace Area

River surface using refiectors

Indoor lighting will be installed in all rooms, such as transformer boxes, low voltage switch-
gear, regulator area, ventilation equipment, relay racks, office, workshop, sanitary facilities.

/06/98 11:03 - C:\55-Darafword-doc\55- 15-084.doc

The machine hall will show on both long walls a chain of fluorescent lamps which are used for
Ll orientation only. During maintenance and repair jobs on a unit, portable illumination will be

used where necessary. The control room will have intensity controlied illuminatiors, so that it
might be adopted to special situations. Special attention shall be paid to avoid reflexes on
monitor screens.

8.410 Emergency Diesel Set

{ In case of a breakdown of the WAPDA system simultaneously with a failure or standstill of all
;] Hydro Generators, a Diesel Generator must take over the supply of a certain group of
. equipment to ensure and facilitate a safe shutdown or block start up on repair of the plant.

Two Diesel Generators, one in the Powerhouse and one in the Intake area will be installed.

8.4.10.1 Powerhouse Diesel Generator Set

E The set will be able to supply the complete station service as well as the two unit services.
i
Station service 180 kW
P Unit Service 1 34 kW
¢ Unit Service 2 34 kW
. Total 248 kW
E 5515084 May-896 8.4-24
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8.4.10.2

8.4.10.3

55-15-084

Pakistan-German Technical Co-operation (SHYDO-GTZ)

X Simultaneous factor = 0.8 198 kW
Divided by ageing factor = 0.8 248 kW
X Power factor = 0.75 333  kVA

The Emergency diesel set will have the following characteristics:

Nominal capacity 250 KW/ 333kVA
Nominal speed 1500 rpm
Nominal voltage 440 V/50 Hz

The biggest motor being only 20 kW, a brushless exciting system with rotating dicdes can be
applied.

The space required for the installation of this unit, including an automatic transfer, will be 6 x
4.5 m. The room should be high enough to lead the hot exhaust gases through the silencer to
the outside atmosphere. Besides the automatic control system, there will be an independent
start-up battery of 24 V with its charger. A diesel oil tank with a capacity of 5,000 liters will be
provided.

An automatic fuel pump keeps the day tank of 1000 Iitr capacity filied.

The coaling air of this room wili be moved by the fan of the motor. The warm air is expelled
and fresh air drawn through wall openings from outdoors.

Intake Area Diesel Generator Set

The set will supply sufficient power to operate the gates and to insure emergency lighting,
controi and communication. The set will have the following characteristics:

Nominal capacity 40 kKWW/50 kVA
Nominal speed 1500 rpm
Nominal voltage 400V/50 Hz

will be automatic in case of power failure. An independent 24 V start-up battery with charger
and a 1000 | oil tank are foreseen.

Earthing System

WAPDA operates its 132 kV system with the neutral solidly grounded. This means that in case
of any line to ground fault close to the switchyard a fauit current will pass through the neutral
connection of each transformer in service. This fault current shall not produce voltages harmful
to men and equipment.

To avoid those voitages it is recommended to:

« Connect all grounding systems together (High Voltage, Medium Voltage and Low Voltage
Service and Protection earth).

» Lower the grounding resistance to a value low enough to limit the earthing voltage to a
manageable level by connecting all ground systems together

= HV switchyard earthing mesh
= Powerhouse foundation ground
« Shield wire of outgoing lines
« Installation of additional grounding rods
* burying of counterpoise of an appropriate length under the outgoing lines
« Control step and contact voltages by an appropriate arrangement of earthing conductors.

In case of a one-phase to ground fault the current will not exceed the 3 phase short circuit fault
current which has been calculated to be 6400 A at 132 kV at Daral Khwar.

May-98 8.4-25
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To meet the above mentioned conditions and respect a

step voltage 90V
contact voltage 75V

earthing voltage 1000 V (limited by the insulation of LV Equipment)

An earthing resistance of less than:

U 100017

R = = = 0.16 € is required.

1 0400

To meet this condition the following measures are proposed:

£65-15-084

Earth resistivity = 50...100
Area switchyard = 1000 m?

Area powerhouse = 700 m’

Chain resistance of shield wire = 16W

Length of counterpoise = 0.5 km per line
Number of transmission lines = 2

Earthing mesh resistance switchyard:
Area, A = 1000 m’

Diameter of equivalent circular area:

D - 1fAI§4 - ‘/% = 36m

r 3500 m
Rm = = = 0.69Q)
- 2D 2x 36m

Powerhouse foundations:
Area A = 700 m?

Diameter of equivalent circular area

700m” x 4
D= |——————— = 30m
\ I1

Earthing resistance

300m
= — = (.50
Re 2x 30m
Rods:

Length L=25m

R p / IxL
r = x m

2x Il xL d

= 3.18x6.21 =20 Q perrod
for 40 rods
R"=0.50
Shield Wire:

1.6

R.. — Q

-

May-98 .
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+ Total Ground Resistance:
/ ) I 1 !

Re Ry Re  Re Rw

Q 1 / !

= 0 -

2
R. 104 083 05 16

= 0.09

R=0150
which is lower than the required maximum resistance of 0.16 Q.

The exact material, diameter, jointing and position of the earth conductors, rods and
eiectrodes will be determined in the final design.

55-15-084 May-96 8.4-27
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CONSTRUCTION
Temporary Site Installation Plants for Construction
+ Weir Area

Due to the narrow valley at the weir site, a temporary site installation plant for construction is
required on the left slope downstream the weir structure in an area of 5000 m* where the valley
is wider, for aggregate storage, crushing plants, concrete mixing plants, cement storage and
workshops etc.

A second temporary site instatlation plant is possible at the left terrace downstream lhe weir for
site offices and additional workshops.

For access during construction of the weir and connection tunnel, Daral Khwar will be crossed
via a temporary bridge or it will be waded across by vehicles there where the riverbed is wider.
For construction of other structures in the weir area, Daral Khwar will be crossed via the weir
bridge.

¢ Powerhouse Area

The temporary site installation plant during the construction period of the powerhouse and the
conduit system is proposed in the 5000 m’ area near the powerhouse site between the right
Swat river bank and the road to Bahrain.

The site instailation is required for aggregate storage, crushing and concrete mixing plants, the
cement storage and workshops.

After completion of the main structures (approx. 3 years), the site area at weir and powerhouse
area etc. will have to be restored to the original condition.
Stock Piling and Disposal of Surplus Material

Excavated material at ali structures 160100 m°
(Weir/Conduit System/Powerhouse)

Suitable material for concrete aggregate 31600 m’
(Norites and selected boulders/cobbles along Daral Khwar)

Suitable material for riprap, pitching, stone works : 17400 m®
Backfill volume of all structures 54000 m’
Deposit requirements for surplus material 57100 m°

The disposal of surplus excavated material is feasibie in treeless area near the excav ation sites
within a distance of up to 5 km and will require a total area of approx. 2 hectare. Cultivation is
possible with native soil and humus layer material from the excavated terraces in the
powerhouse area.

Construction Material
The most important construction material for all structure is concrete.

The following quantities of concrete would be required:

Weir and intake 7510 m°
Conduit system 18040 m°
Powerhouse and tailrace 7550 m°
Totat: 33100 m°
May-98 8.5-1
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8.5.3.1

8.5.3.2

8.5.34

8.5.3.5
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Concrete Aggregate

Laboratory tests on the proposed concrete aggregates are necessary to determine their
suitability.

¢ * Concrete for the Weir and Appurtenant Structures

The excavations at weir site, sandtrap, headrace canal and the mucking materia! from the
diversion tunnels and the upstream part of the headrace tunnel with rock type Norite are
favourable {o be used for concrete aggregate.

Selected boulders and cobbles, readily availabie along the course of Daral Khwar as well as
on its banks in form of young terraces can be crushed to a specific size. The crushed
material can be used as aggregate for concrete of the weir and appurtenant structures.

In case of a deficit of aggregates for concrete at the weir site, it can be supplied from a
quarry at Swat River.
» Concrete for the Powerhouse and Conduit System

Part of the excavated material from the powerhouse and the mucking material from the
downstream part of the headrace tunnel and from the surge structures as well from the
access and penstock tunnels with rock type Norite are suitable for concrete aggregates. For
the conduit system and the powerhouse Structures approx. 25600 m® aggregate are
necessary.

Good quality of sand is neither available along the course of Daral nor in close vicinity of the
proposed powerhouse. It has to be procured from Swat Valley.
Crushing Plants
Crushing plants are proposed at the site installation plant near the weir area as well as near the
powerhouse area.

The capacity of the crushing plants will be govemed by the rate of concrete placement and by
the size of the intermediate stockpiles.

For crushing of 33,000 m® aggregate in a period of 1 to 2 years, the capacity of the crushing
plants would be sufficient within 40-50 m lday each.

Adequate arrangements will have to be incorporated in the crushing and screening plants in
order to produce aggregates to meet the requirements of the grading curves.

Mixing Plants

Concrete mixing batching plants wili be installed at both site instaliations.

The processed aggregates will be hauled from the aggregate stockpile to the sites of the mixing
plants. A capacity of up to 250 m°/day each would be required for the mixing plants at the weir
and powerhouse areas. -

Concrete Quality

The requirements of concrete strength vary according to different structural uses.

Preliminary investigation consisting of laboratory tests with crushed aggregates obtained from
the proposed quarry sites for determination of their suitability are required.

The normal concrete strength class will be B25 according to DIN 1045 with a mean cement
content 300 kglm Concrete with special properties will have to be used for tunnel lining.
Concrete Placement

The concrete for surface structures will have be transported from the mixing piants by vehicle
to platforms at the sites.

May-98 3.5-2
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The method of concrete conveyance (e.g. by crane, with transit mixtures, conveyor bell or
pumping) shall have be delermined so as to prevent segregation. Concrete lining of
underground structures will need transport to the site and final mixing and placement by

pumping.

Tentative Construction Time Scheduie
See Main Report Volume 2 of 2

Estimations on time schedule are based on experiences of modem construction methods with
up-to-date equipment.

It is estimated that the construction period for the Hydropawer Project will take three years (five
year including preliminary works, test operation and commissioning)

Year 0 Some engineering and preparatory works

1

Land Acquisition

Design and Tender Document
Tendering/Bidding

Evaluation and Award of Contracts
- Access roads.

Year 1--3  Construction period (2 years)

Year 4 Test Operation, Commissioning and Contractual maintenance period of the
hydropower project would be within 1 year of completion of construction.
Construction works are divided into separate time schedules for the main works and structures:
= Preparatory Work
*  Weir and Intake
= Conduit System
* Paowerhouse
= Additional Works

Preparatory Works
The preparatory works comprises the following activities:

Construction of access roads to the weir site, to the working platform for head race tunqel, to
the surge tank, to the powerhouse, reconstruction of bridges, site instaliation and camps in the
powerhouse area and in the weir site.

Construction of access roads are independent activities and can be executed in parallel and
completed within one year. For a total length of approx. 6 km, progress rates of 250-500
m/month or 10-20 m/day are needed, however, the branch of road to the surge tank will be
constructed only afier the actual geological conditions, as a resuit of the excavation of the
access tunnel and initial part of the of the head race tunnel, are known and a final decision is
taken for the surge tank location.

Site |nstallat|on of plants and camps in the powerhouse area and in the weir site implies about
10000 m of excavation each, the works will require three months at each site with rates of 130-
260 m/day, the execution of those activities are in relation to the access roads progress. In the
end of the construction period, the excavated sites will be back filled.

Weir and intake

To accommodate the river water flow during construction the weir wiil be executed in }hree
stages for that purpose construction of temporary cofferdams and sheet pile walls will be
required.

Excavation works of about 32000 m” will be completed in 6 months or 200-400 m*/day.

May-08 8.5-3
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Some 7500 m* of concrete for the weir and intake will be placed in six months or 50-100
m Iday

Upstream weir blanket, downstream river bed and river sides slopes protectlon will need some
9200 m® of heavy rip-rap, stone pitching ,etc. over @ months or 40-80 m Iday

All civil works for the weir and intake will be completed in two years, mechanical and electrical
works will be completed six months later.

Conduit System

The main independent sequence of activities is the access tunnel excavation and support in
three months, the first part of the head race tunnel excavation and support in three months, the
second part of the head race tunnei excavation and support in nine months, the head race
tunnel concrete lining in one year.

For the 3044 m length headrace tunnel the total excavation will be about 36000 m® with
average rates of excavatnon of 3700 m*/month or150 m Iday or 13mlday The tunnel lining will

be about 7700 m® of concrete with average progress rates of 650 m */month or 26 m*/day or 11
m/day

The cross-sectional area and the length of the headrace tunnel as well as the geological
conditions render possible both conventional type of heading and TBM-techniques. A final
decision can be made after technical and cost comparison on the basis of various offers with
additional considerations of the contractors expenence.

In case TBM-driving (only in one direction from the downstream portal) a mean daily progress
of 13 m is reasonable

In case of conventional method, heading may start additionally from the upstream portal.

After completion of the head race tunnel excavation the penstock tunnel excavation and
support will be executed in three months and then in parallel the surge tank and the valve
chamber each in six months.

Excavatlon of 45 m height surge tank in parallel with the valve chamber implies about 7500 m’
or 2500 m>/month or 100-200 m lday About 2400 m of reinforced concrete for both structures
will be placed with rates of 800 m 3/month or 30-60 m Iday

Construction of the sand trap will be initiated after completion of the weir bridge and it is
foreseen to take nine months and then in parallel the mechanical and electrical works for the
sand trap within six months and the head race canal construction in three months.

The sand trap construction mvolves about 7200 m® of excavation with rates of 2400 m*”/month
or 100-200 m %/day. About 3100 m® of filling with excavated material will be done at a rate of
100-150 m°/day.

Some 5100 m® of reinforced concrete will be placed with rates of 1700 m¥month or 70-140
m>/day. Works like gabions, stone pavement stone masonry with a total volume of 3600 m~
will be executed with rates of 1200 m*/month or 50-75 m°/day.

A second sequence of activities is given by the road crossing structure in three months and the
construcnon of the embedded penstock in one year. For the 841 m embedded penstock about
20000 m of excavation and 20000 m® of back filling are foreseen with rates of progress each
3400 m*/month or 140-210 m’/day. For the penstock itself, an average rate of progress of &
m/day is considered.

All civil works for the conduit system will be completed in two and haif years, mechanical and
electrical works will be completed three months later.

May-98 8.5-4
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Powerhouse
For the powerhouse main civil works activities and estimated progress rates are as follow:

The excavation and back filling in the powerhouse and switchyard areas each will require three
months, the concrete woks for the substructure of the powerhouse and anchor block of the
penstock will require one year and it will start after the excavation in the powerhouse area is
completed, also the concrete works will be in co-ordination with the timely delivery of hydro-
mechanical equipment parts to be fitted and embedded in reinforced concrete.

Excavatlon works in the powerhouse area is about 47000 m® it will demand progress rates of
16000 m /month or 650-1000 m’/da ! about 8000 m’ of back filling with excavated material
means 2700 m*month or 110-200 m /day

About 5400 m’ of concrete for the powerhouse substructure from elevation 1406.30 m.a.s.l. to
elevation 1417 m.a.s.l. and for the penstock anchor block will demand an average progress
rate of 1100 m*/month or 40-80 m Iday

The tail race concrete structure involves six months, the powerhouse concrete superstructure
needs one year, the miscellaneous finishing works requires nine months and these will be
completed six months after the superstructure.

Some 2200 m* of concrete for the powerhouse superstructure from elevation 1417 m.a.s.l. to
1432.70 m.a.s.l. and tail race structure demands rates of 370 m*month or 15-30 m /day

The above given grogress rates for the power house concrete also consider the required time
for some 11000 m* of formwork and 465 tonne of reinforcing steel bar.

Aiso some 3700 m> of heavy riprap, pitching and stone masonry will be executed in the
powerhouse area.

In paralie!l to the civil works the turbines, generators, transformers, auxiliary equipment, and
switchyard will need three years to fabricate, deliver, assemble, etc.

To manufacture and deliver of the draft tube and spiral case of the Francis turbines and the
steel lining for the Pelton turbine pit, to be fitted and embedded in concrete of the powerhouse
substructure, will involve one year. To fabricate and transport the Francis turbines and
generators, inclusive the Pelton set, will require the first and second year. The third year is to
assemble the turbines, generators, transformers, auxiliary equipment, and switchyard

The transmission system will need one year and will be completed six months earlier than the
assemblage of transformers, auxiliary equipment and switchyard

All civil works in the powerhouse area will be completed in 33 months , mechanical and
electrical works will be completed three months later. Overall, powerhouse work needs three
years

Additional civil works like residential buildings, stores, workshop etc. are not in the critical path
of the time schedule. All of them can be completed in two years.

Stant up and test operation will be possible three years after beginning of construction works
and along with the commissioning penod six months will be needed.

May-98 8.5-5
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TRANSPORT AND ACCESS FACILITIES

The transportation of heavy construction and permanent equipment to and within the project
area needs careful attention. Based on the feasibility design, the heaviest pieces of equipment
are the rotors of the generators and the three phases transformers with a maximum weight of
up to 30 tonne. Tractors with dozer blades start form about 6.7 tonne (D3B Caterpillar) to about
88 tonne (D10 Caterpiliar).

TRANSPORT OF EQUIPMENT FROM KARACHI TO BAHRAIN
It is fairly certain that the heaviest pieces of equipment will start their joumey northwards
beginning from the docks at Karachi.

Exceptional Loads to be Carried

For the 2 Francis turbine-generator units and the Pelton turbine-generator unit envisaged, there
will be some parts whose weights and dimensions to transport will be unavoidably substantial.
They are as follows:

Item Weight (T) Dia (m) Length {m)
1. Rotor 30 1.55 1.3
2. Stator 17 - —
3. Transformer 14 2m x 3.5m x 2.7m high

There are two general possibilities for the route, which must be taken to get the equipment to
the project area:

s Entirely by road;
« By rail up to Dargai and then by road.

Out of these options, the second one seems to be more favourable basically because this will
reduce road traffic hold ups and inconvenience for other road users. The time for transport of
the equipment would aiso be shorter.

Transport by Railway

The main broad gauge line from Karachi to Dargai has, as one of its design criteria, a 22,86
tonne axle load. The main free width is 4.1 m and the free height 5.8 m the transportation of
the equipment by rail will therefore cause no problem. It is anticipated that suitable railway
wagons will be available

Unloading at Dargai

The equipment will have to be unloaded at Dargai and loaded on trucks or trailers. With regard
to the transformers they might be moved side-ways from the railway wagon over to the trailer
without lifting, provided suitable wagons are used.

For all other equipment the contractor will provide a mobile crane for lifting the parts.
Appropnate cranes are easily available in Pakistan.
Road Transport from Dargai to Bahrain

Transportation by road will be done over a distance of 128 km from Dargai to the project area.
The loading capacities of the structures that lie between Dargai and Project area have been
possible to evaluate.

May-98 9.2
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The route has been surveyed; every corner and steep slope, culvert and bridge structure
inspected and any difficulties for transportation analysed.

Since all roads are reputed to be designed to European standards, there should, in the normal
way, be no problem in transporting loads of 50 tonne. It is also common knowledge that the
Army require bridges to have a carrying capacity of exceptional loads, like tanks, which weigh
up to 75 tonne.

However, the C & W Department - resporisible for all roads in the Province - states that the
maximum capacity of all crossing points is 10 ionnes per vehicle. Anyway, from a practical
point of view, it would be realistic 1o consider this to be equivalent to an axie load of 5 tonnes,
acceptable on all but spans longer than, say 12m.

Conceming inclination, the slopes have been measured and are generaily 1:10 for long hauls,
but some short inclines do have gradients of 1:8.

Sharp bends are ubiquitous in hilly areas, but generally appear limited to a minimum radius of
al least 20m.

The bridges and road survey from Dargai to Bahrain is presented in the following table:

Transporter

The following is seen as a pre-requisite:

i) A special trailer with multipie axles, each axle limited to a weight of 5 tonnes or less.
i) A special traiier with steering wheels - front and back - to negotiate tight bends.

i) A powerful tractor unit to pull heavy loads up the steeper siopes.

WAPDA have such a piece of equipment, at least the trailer part, it being used for transport of
heavy equipment to Tarbela some 25 years ago. Failing this there is a Karachi based cornpany
that specialises in heavy lifting and transportation of heavy loads on multi-wheeled trailers.
However they have littie experience in the northem mountainous areas and were reluctani to
quote prices at this stage.

Longer Bridges

The Bailey bridge at Madyan poses special problems for crossing the Swat River. Apart from
being too narrow for exceptional loads, it is an old bridge, and even in its prime would probabily
only have be incapable of carrying a maximum 20 tfonne load.

There are no alternative routes or crossings of the Swat River in this area so other means of
getting to the other side have to be considered. The three most likely are:

i} a temporary cabile crane,
i) a pontoon or
iii)y  a barge (or raft),

The last method is seen as perhaps the most feasible. Numerous small tracks do exist leading
down to the water edge, however they will not be passable by heavy trailers unti some
substantial improvement - the minimum being to normalise the gradient, widen, and possibly
lay a running surface. Even though the river flows quite strongly, a system of cables will suffice
to hold the barge in position, and while it is being winched across the river.

May-98 8-3
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Bridges and Road Survey from Dargai to Bahrain

S.No Location RD Type Structure | Length | Width | Thickness | Picture Remarks
(Km) (m) (m) (m) No
Dargai 0.00
1 22.0 | Pre- stressed R.C.C 48.0 8.0 - 1 2 Spans, strong, designed for total load of 70
tonnes
2 36.9 |Arch Bridge SM 6.50 6.0 1.5 - Built during Ex- State Govt. (1960 s), but still
sound
3 37.9 |Arch Bridge SM 358 5.6 1.2 - 2 Spans, stone masonry, condition good
4 41.7 |Arch culvert SM 3.00 5.2 0.9 - Small Culvert & seems to be OK
5 441 |Curve 2 Sharp, lengthy and steep "S" bend
6 45.0 |Arch Bridge M 28.6 5.5 1.2 - 2 Spans, Old and sound
7 45.5 | Pre- stressed R.C.C 52.0 8.5 - - 2 Spans, strong, designed for total load of 70
tonnes
8 49.5 |Slab Bridge SB 11.0 54 0.3 - 2 spans bridge with 7 No steel |- section beams,
condition good
9 54.1 | Arch Culvert SM 11.0 7.5 1.10 - Its condition is QK
10 59.0 {Arch Culvert SM 9.50 9.2 0.90 - Good condition
11 60.0 |Pre-stressed R.C.C 91.0 7.0 - - 4 Spans, 4 | - beams, Newly built and is OK
12 67.0 [Slab culvert R.C.C 4.20 11 0.28 - Structure is OK
13 72.9 |Arch Culvert SM 9.00 6.2 0.90 - Old and in good condition
14 74.2 |Arch Culvert SM 11.0 5.7 0.90 - Old and its left abutment has a minor crack
15 75.3 |Pre-stressed R.C.C 25.0 7.2 - 3 Single Spans, 3 | - beams, Newly built and is OK
16 78.2 |Arch Culvert SM 8.00 6.2 0.90 - Good conditicn
17 78.6 |Arch Bridge SM 17.0 8.2 1.20 4 Condition good
18 79.8 |Arch Bridge SM 11.0 6.4 0.90 - Built of sound Stone masonry and in good
condition
19 81.6 |Arch Culvert SM 4.00 6.2 0.60 - The thickness of SM is less, seems to be OK
20 82.0 |Arch Culvert SM 4.00 6.8 0.60 - The thickness of SM is less, seems o be OK
21 83.8 |Arch Culvert SM 5.40 6.7 0.90 - Old but sound
22 84.8 | Slab culvert SM 5.80 6.2 0.30 - The slab concrele is very old but has ne cracks
23 84.8 |Slab culvert SM 5.80 6.2 0.30 - The slab concrete is very old but has no cracks
24 86.2 |Arch Culvert SM 3.00 6.1 0.90 - Good condition

" As advised by Frontier Works Organization
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Bridges and Road Survey from Dargai to Bahrain
S.No Location RD Type Structure | Length | Width | Thickness | Picture Remarks
(Km) (m) (m) (m) No

25 86.6 |Slab culvert SM 5.20 6.3 0.30 - 8 No | - Steel beams, Single span, a little
vibration is noted when heavy truck is passing
over

26 90.8 {Arch Culvert SM 4.00 6.5 0.90 - Built during Ex- State Govt. (1960’ s), but still
sound

Khwazakhela 92.6 Khwazakhela is at 92.6 Km from Dargai
27 92.60 |Arch + Slab SM + 70.00 7.2 - 5 Originally it was an Arch Bridge but now widened
R.C.C by R.C.C beams on both sides, condition good

28 93.80 |Slab culvert SM 3.00 6.1 0.30 - Small culvert and is in good condition

29 95.00 |Arch bridge SM 12.70 5.8 1.20 6 Picture shows a littte sag, however seems to be
OK

30 96.30 | Arch bridge SM 14.00 4.3 1.20 7 Abutments are slightly eroded

N 99.20 |Arch Culvert SM 4.50 5.6 0.90 - Condition good

32 102.9 |Arch Bridge SM B.50 5.2 0.9 8 Old but sound

33 104.5 |Arch culvert SM 3.50 56 0.6 - Small culvert, good condition

34 105.8 jArch culvert SM 4.50 6.2 0.6 - Smali culvert, good condition

35 108.9 |Arch Bridge SM 15.0 6.2 1.2 9 Masonry is thick and strong

36 112.5 ] Arch culvert SM 3.00 48 0.9 - Its condition is OK

37 114.1 | Arch Bridge SM 9.00 8 1.2 10 Abutments are slightly cracked

38 {Madayan 118.9 |Arch Bridge SM 36.4 3 1.2 11 2 Spans, good condition, over Madayan Khwar

39 119.4 | Balley bridge SB 41.8 3.2 - 12,13 |Cancarmmy ~ 20T (C & W, says)

40 122.6 |Arch Bridge SM 10.0 2.6 4 14 Masonry is thick (4m) and strong

41 123.7 |Pre-stressed R.C.C 23.0 7 - 15 5 Rectangutar beams and in good condition

42 125.2 |Arch culvert SM 6.70 28 4 - Built of 4m thick stone masonry and seems
strong

43 127.5 | Arch Bridge SM 23.5 3.2 1.2 16 [Condition good

Bahrain 128.0 End point of survey

SM = Stone Masonry, R.C.C = Reinforced Cement Concrete, SB = Steel Beams
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Feasibility Study — Dara! Khwar Hydropower Project

9.1.4.3

9.2

9.21

9.2.2

51509

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Estimated Cost

The estimated additional cost of transporting heavy loads from Dargai to the project area near
Bahrain is calculated as follows:

i) Hire of special trailer and tractor unit
@ $ 500/day for 30 days 15,000 US$
ii) Hire of heavy craneage for loading/unloading
@ $ 500/day for 20 days 10,000 US$
iiiy ~ Fabrication of barge unit c/w cables 70,000 US$
transporting and setting up 20,000 US$
iv)  Improvement of temporary access roads 20,000 USS
v) Strengthening of old masonry structures and
culverts or subsequent repair if necessary 20,000 US$
Total: 155,000 US$

The cost of transportation itself and various additional charges of handling the equipment at
port of landing etc. to be considered in Chapter 11 Cost Estimate are summarised as follows:

i) Dockside unloading - bome by ship owners

if) Transport to warehouse, and storage (demurrage) is equivalent to 2.5% of landed
cost

#)  Customs duties on equipment and machinery for Hydel under current legislation
tv)  Octroi - KMC (in Karachi) charged at 2% of landed cost

V) Transportation by rail, Karachi to Dargal (or by road) including levies, octroi, etc. and
insurance,

vi)  Fransportation by road from Dargai to the project site (Bahrain).

ACCESS AND TRANSPORT IN THE PROJECT AREA

Access Road to the Power House

A short access road of approx. 0.4 km length has to be constructed form the main Madyan-
Bahrain road, downhill to the elevation 1420 m asl, to reach the Power House and Switchyard
areas.

Access Road to the Access Tunnel, Valve Chamber and Surge Tank

A new road of approx. 1.5 km length will have to be constructed starting at chainage 970 m of
the existing forest road to Kulban, which itself will need to be improved, to the Access Tunnel
and Valve Chamber working platforms. The maximum gradient of this improved road should be
less than 10 percent. Retaining walls and other stabilizing measures will be required to bring
the rood to acceptable standard.

In case that a TBM is chosen for the headrace tunnel excavation, it will be necessary to serve
the working site by a truckable road.

The access to the Surge Tank branches off from the working platform of the Access Tunnel
and is approx. 500 m length

May.G8 9-6
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Feasibility Study — Daral Khwar Hydropower Project

9.2.3

9.2.4

9.3

561509

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Access Road to the Weir Area

The access road from Bahrain to the Weir site will be approx. 4.8 km length, about 1.2 km has
already been constructed. However, the existing road is typically 4-5 m wide, widening of the
existing road to achieve the minimum 6 m width is required. The remaining road iength to be
constructed is about 3.6 km.

The access road from Bahrain to the Weir area will be on the left bank of the Khwar. H is
therefore proposed to ereci a bridge over the weir to reach the Intake, Gravel $pill, Sand irap
etc. on the right bank. The bridge will compose of steel beam substructure, with timber decking.
Road Crossing Structure

A road crossing structure has to be constructed for traversing the main Madyan-Bahrain road
with the embedded penstock. it is recommended to form the structure adjacent to the river side
of the existing road.

PHOTOGRAPHS OF VARIOUS ROAD STRUCTURES FROM DARGAI TO BAHRAIN

The pictures referred in Table "Bridges and Road Survey from Dargai to Bahrain" under section
9.1.4 are presented as APPENDIX 9.

May-88 9-7
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. Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ2)

INTRODUCTION

Daral Khwar Hydropower Piant (HPP) is located in the Swal River Valley about 2 km down
stream of the centre of Bahrain village. It is one of a series of HPPs which will be developed in
the northern part of Pakistan. Annex 10.1.1 (next page) gives an overview of location, capacity,
year of commissioning and distances.

1t is obvious that all these HPPs will have a decisive impact on the existing and planned
transmission system. The transmission system to be planned for Daral Khwar cannot be
deveioped in an appropnate manner without knowing the layout of the system which will be
needed to satisfy the production and demand load of the next 20 to 30 years. The development
of the above mentioned HPP has recently reached a point of concreteness which allows its
integration in the National Power Plan of Pakistan (NPP), in spite of the fact that no attempt has
been made so far to define the transmission system in a sufficient detail which is needed for a
feasibility study. And effort has been made in this study to set the parameters for the future
transmission planning of northem Pakistan in close co-operation with WAPDA Power Planning.
Appendix 10 presents a GTZ sponsored study that defines the transmission and grid system
expansion programme for the area where the High Head Power Plants are located. The study
defines the economic and systematic expansion of the system in relation to expansion of the
Hydropower generating facilities and extension of the national and regional grids.

in a second step the successive implementation of the system up to year 2010 will be defined
and finally costs will be allocated to the different HPP and especially Daral Khwar HPP.

The detailed study “Transmission Interconnection of New High Head Hydropower Plants with
WAPDA Transmission System” presented in Appendix 10, provides details about load fiow,
short circuit conditions and dynamic stability considerations. As this study has been finalised
after the elaboration of this report, small and insignificant difference may have occurred. This
difference does not change the results of this study.

A specific Transient Stability analysis should be undertaken once more in the final design phase
in conjunction with the final determination of turbine, govemor and generator data.

LAYOUT CONSIDERATIONS

The layout of a transmission system (routing, voitage, system, conductor) follows a series of
technical and economical considerations. The best solution can only be found when technical
and economical parameters are clearly defined.

Optimal Transmission System

The optimal transmission system is defined as the one which meets all technical requirements
which are

system stability

voltage drop considerations
power flow conditions
thermal capacity of elements

and is the teast cost solution considering given economic parameters which include

» capital cost
e cost of losses
o discount rates.

The economic choice of Voltage System and Conductor for mountainous areas is presented in
Annex 10.2.1.

The parameters needed to elaborate the graph Economic Choice of Voltage System and
Conductor have been taken as follows:

May-g6 10-2



—_— .

5

18/09/98 12:27 55-15-10 / 30

Feasibility Study — Daral Khwar Hydropower Project

10 kam

Pakistan-German Technical Co-opsration (SHYDO-GTZ)

Annex 10.1.1
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Pakistan-German Technical Co-operation (SHYDO-GTZ)

Annex 10.2.1

CHOICE OF VOLTAGE, SYSTEM & CONDUCTOR SIZE FOR 132 kv, 220 kv & 500kv

Voltage L evel 132 kv 220 kv 500 kV
S y [ t e m SC dc sC dc sC
C o n d u ¢ t o 0 lynx rail Fynx rail rail rail dxgreely
Investment cost G kS 62.234 77.754 99607 133889 130838 207695 292858
area)
Energy cost ce [S/KAN) 0.038| 0.038} 0.038) 0.038} 0.038} 0.038 0.038}
Loss duration o [ 3150] 3150) 3150) 3150 3150 3150 3150
Conductor Resistance | {Chimvkem] 019 0.062 0.095 0.031 0.062 0.031 0.01395
Max Power Capacity Pm [MA} 3000 3000} 3000} 3000} 3000} 3000 3000}
Powerfactor of 08 0.8 0.8 08 03 0.8| 08
Line Voltage K] 132 132 132 132 220, 220, 500}
Discount rate i %] 10 10 10 10 10 10 10
Loss cost CI (kS 173034 56464 86517 26232 20327] 10163 885
[Totat cost Ct k$/kmi) 173096 56542 86617 28366 204881 10371 1178
Function: Ct=Ci +{ce xDIxrc xPm*2/ (pf x UP2 ) x {(1 +iyn - 1¥{ x (1+)'n))
Max.Pover 0 Transmit in MV \ T O T A L cC 0s T in i 00860 u_ s si
0 62 8 100 134 131 208 293
10 64 78 101 134 131 208 293
20 70 80 103 135 132 208 293
40 83 88 118 139 134 210 293
60 131 100 134 145 139 212 293
12 303 166 220 173 159 7]
150 218 316 204 182 233
224 293 582 291 244 264 298
337 490 387 336
404 648 a2 309
674 721 338
1000 m
2000 686
3000
Economic Choice of Line: Voltage, System & Conductor
1000 T : T 0
g & 132y, SCLym
= ©.4320/, 5CRal
g i .r\"-t;—o
]
B : : & v e
TR Mot v
" i i i i diiii i f i 4 iiff
10 1000 10000
Peak Capacty [MW)]
55-15-10 May-88 104
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Pakistan-German Technica! Co-operation (SHYDO-GT2)

investment Cost

WAPDA is using standardized Transmission Line Layouts for 33, 66, 132, 220 and 500 kV
Lines. The standards include

Conductar
Voltage Towers Circutt Insulators arrangement Conductor
33 kV |Steel Lattice | Single Pin Horizontal in Line Dog
66 kV | Steel Latlice | Single Disc Christmas Tree Dog
132 kV | Steel Latlice | Single " Christmas Tree Lynx/Rail
and Tubular | & Double " Vertical in Line "
220 kV | Steel Lattice | Single " Christmas Tree Rait
& Double Vertical in Line "
500 kV | Steel Lattice | Single " Herizontal in Line  Greeley
(bundle)

A detailed cost estimate with underlying technical layout considerations is given in Annexes
10.2.2-1 to 10.2.2-3 with the following resuits:

Cost of HV Transmission Lines

. L L Double circuit
Voltage Conductor | Single circuit | Double circuit one equipped
66kV
Plain Area 1 xdog $ 34,402 .47
Mountainous Area $ 49,948.19
132kv
Plain Area 1 x lynx $ 43,550.28 $ 68,990.22 $ 55,749.00
Mountainous Area $63,214.89 | $101,430.65 $ 87.013.00
132kv
Plain Area 1 x rail $ 55,308.86
Mountainous Area $ 77,754 .31
220kV
Plain Area 1 x rail $9270694 | $147,153.87
Mountainous Area $130,707.56 | $207.472.31

As the project region is situated in mountainous areas where no important lines have been
built upto now, the estimate has been split into plain area and mountainous area by adopting
the technically different parameters,

The resuilt of this analytical estimate is confirmed by the average prices of transmission lines
published in WAPDA statistics.

Energy Cost

Economic costs have been taken into consideration and brought to an average on the bases
of the Integrated Operations and Tariff Study for WAPDA and KESC prepared by Cooper
and Lybrand Deloitte, April 1991.

Loss Duration

The loss duration in hours has been calculated under consideration of the typical production
cycle of Daral Khwar HPP. This production cycle will be very common in High Head
Hydropower Plants with daily 4 hour peaking capacity to be constructed in the mountainous
areas of nothem Pakistan,

The production cycle and the caiculation of the ioss duration is presented in Annexes 10.2.3
and the graph Daral Khwar daily production cycle month wise below.

As aresult 3,112 hours loss duration have been calculated.

"USS /km

§5-15-10
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Cost of HV Transmission Lines

as of 1998

86kV
USS$/km single circult
Plain area $34,096
Mountainous area $49,893

-Cast Detalls 66 kV

- Costof68kV, S/C Line in plain areas

Designation unitprice/$
tow er,66kV s/c,plain (2.6 to) 2860
fand & right of way 380
foundation,s/c,(6.1m3) 1342
hardw are 68kV s/c 240
Insulators, 66kV s/c plain 304
aarthw ire 9mm 400
conductor,dog 900
subtotai 1

contingencies,15%

subtotal 2

erection, 40%

total

unitcost In US$ of 1998 68kV
tow ar,66kV ,s/c mountain

tow er,66kV ,s/c plain

land & right of way
foundation,s/c.{6.1m3)
hardw are 56kV s/c

insulators,B86kV,s/c, mountain
insulators ,68kV ,s/c.plain

3630 unt

2860 unit

380 per tower
1342 pertower
240 per tow or

378 per tower
304 per tower

Qty/km
350
350
3.50
3.50
3.50
1.05
3.15

earthw ire 8mm 400 per km
eonductor.dog 500 per km
base prices

foundation 220 $/m3
steelatructures 1100 $/ton
insulator 13 $/disc

total$/km

10000
1329
4692
839
1062
420
2835
21177
N77
24354
9741
34095

234
31
1.0
20
25
1.0
6.6
4986
7.4
571
228
79.9

" . . L]
Costof 66KV, S/C Line in mountainous areas
Designation unitprice/$ Qty/km  total/$/km %
tow ar,66kV s/c,mountain,(3.3to) 3630 3.70 13444 218
land & right of way 3so 370 1407 23
foundation,s/c,(6.1m3) 1342 3.70 4970 8.0
hardw are 66kV s/c 240 370 889 1.4
insutators 66KV ,8/c, mountain 378 3.70 1401 23
earthw ire Smm 400 1.05 420 0.7
conductor.dog 900 3.15 2835 4.8
subtotal 1 25367 40.8
contingencies,15% 3805 6.1
subtotal 2 29172 469
erection, 70% 20421 328
totai 49593 79.7
layout considerations 86kV
tow ars plain mountain
tangent 0-8grd 60% 55%
angle 8-30¢grd 12% 30%
acute angle 30-60grd 8% 15%
average welighta/c 26 3.3 ton/tower
foundation
s/c 6.1 m3
insulator strings” diacs/tower phain disc/ftow er mountain disc/tower
suspaension 18 60% 14.4 55% X
single tension 32 12% 3.84 30% 9.6
doble tension 64 8% 512 15% 96
average s/c 2335 29.10
span phain mountain
average s/c & dic 286 270 m
average quantity 350 3.70 tow ar/km

b-2°2°01F xsuuy
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CostofHV Transmission Lines
as of 1908
ersrrsnnensncaanaaf $2KV ranscaracraana
uss/km singie airouit dobls sireuit doble sirevit
she slrcuitequipped

Plain ares 842,671 $47 338 $84 809
Msuntaineus area $862,234 198,807 $55.383
emeseacesssteronnonanoe --Coat Detalis 132 kV---- amceramcreaccorcenvanzan - -
Costof 132kV, 8/C Line in plain areass Costol 132kV, 8/C Line In mountalnous areas
Designaiion unitprice/$ Qity/km totaV$/km % Designation unitprice/$ Qty/km total/$ ikm %
fow or 132KV s/c plain, (3.2 to) IsTS 3.50 12800 283 tow er, t32kV s/c mountain, (4 to) 4510 3.70 16704 28.8
lsnd & righiel way 390 3.50 1364 3.2 tand & rightof w ay -390 3.70 1444 23
foundstion sic (6 1m3) 1220 350 4268 10.0 foundstion,sfc (8.1m3) 1220 3.70 4519 73
hardw nre. 132kV /¢ 250 350 874 2.0 hardw are 132kV s/c 250 3.70 926 1.5
insulsiors $132kV s/c plain 583 3.50 2040 4.6 Insulstors 132kV 3/c mountain 781 3.70 2781 45
earthw ire 9mm 400 t.05 420 1.0 osrthw ire 9mm 400 1.08 420 07
conductor lynx t600 3.5 5040 11.8 conduclor,lynx 1600 3.15 5040 LIS
subtotat { 26503 62.1 subtotat 1 31833 51.2
confingencies, 15% 3978 9.3 contingancies 15% 4775 7.7
subtotal 2 30479 71.4 sublotel 2 36608 56 8
erection, 40% t2182 288 sraction, 70% 25826 1.2
total 42871 100.0 total 62234 100.0
Costof 132kVY, DIC Line in plain arene Costof 132kV,D/C Lina inmountainouae sreas
Designation unitprice/$ Qty/km total/$/km % Designation unitprice/s Qty/xm total/$/km %
tow ar,132kV dic.ptain.( 5to) 5522 3.50 19308 28.7 tow or,132kV d/c.mountain ( 8.3to} 7150 3.70 26481t 26.6
iand & right of w ay 380 350 1364 2.0 land & rightof w ay 390 a.zro tdd4 1.8
foundation d/c.(7 2m3) 1440 3.50 5035 7.5 foundation d/c (7.2m3) 1440 3.70 5333 5.4
hardw are 132kV s/c 440 3.50 1538 2.2 hardw are 132KV s/c 440 .70 1830 1.8
Insulators 132kV dic pinin 1187 350 4080 8.1 insulators,132kV d/c.mountein 1502 3.70 5581 5.8
sarthw ire O9mm 400 1.05 420 0.8 sarthw lre 8mm 400 1.0% 420 0.4
conducter.lynx 1800 63 10080 15.0 conductor lynx 1800 62 10080 10.1
subtotel t 41825 62.1 subtotat 1 809850 51.2
centingenciag 15% 6274 2.2 contingencies 15% 7642 7.7
subtotai 2 48088 71.4 aubtotal 2 58593 588
erection, 40% 19239 288 erection, 70% 41018 41.2
total 87338 100.0 totai 99807 100.0
unitcostin USS of 1988 132KV layout considerstions ---c----eo-o- 132KV -evmcecmannnannes
tow #r 132kV s/¢c mountain (4 to) 4510 unit tow ers pinin mountain
tow er 132kV s/c plain (3.2 to) 35875 unht tangeni 0-8¢grd 0% 55%
tow or 132kV d/c mounisin (6.3 to) 7150 unh angle 8-30grd 12% 30%
tow er. t32kV d/c plain {5 to) 5522 unht acute angle 30-60grd 8% 15%
fand & right of w ey 390 per tow er averaga w elghts/c 3.25 4.1 ton/tow er
foundation. s/c.{8 1m3 1220 pur tow er average w sighid/c 502 8.5 ton/tow er
lounctuﬂon,dlc,??:ma 1440 par tow er
hardw are 132KV s/c 250 par tow ef foundation
hordw are t32kV dic 440 per tow er s/t 6.1 m3
insuiators 132kV s/c,mountsain 751 per tow er die 7.2 m2
insuiastors t32kV s/c pisin 583 pertow or
insulstors ,132kV d/c mountain 1502 pertow sr insulstor sirings discsitow er plain  disc/tow er mountain disc/tow er
insulators 122kV d/c.plsin 1167 pertow or suspension 33 80% 20.4 55% 18.15
earihw ice . 8mm 400 perkm singie lansion 88 12% 7.92 30% 19.8
conduclorlynx 1800 perkm doble slon 132 8% 10.58 15% 19.8

average s/c 44 88 57.75
baae prices aversge dic 89.78 t185.5
foundation 200 $/m3
sipsistrucivres 1100 $hon span plain mountain
insuiator 13 S/disc average s/c & dle 286 m

average quanlity 350 3.70 tow er/km
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Cost of HV Transmission Lines

as of 1996
: 220kV
USS$/km single circuit doble clrcuit
(Estd.B3% of D/C)
Plain area $33,008 $147 632
Mountainous area $130,835 $207,678
Cost Details 220kV

Cost of 220kV, D/C Line In plain areas Cost of 220k V, D/C Line

Designation unitprice/$ QtyAm  total$/km % Designation

tow er d/c,plain 16500 2.6 43421 29.4 tow er,d/c mountain

land & rightof way 420 26 1105 0.7 land & right of way

foundation.d/c 4708 28 12389 8.4 foundation,d/c,(7.2m3)

hardw are s/c 870 2.6 2289 16 hardware s/c

insulators d/c plain 2870 28 78186 53 insulators,d/c mountain

earthw ire 9mm 400 1.05 420 0.3 earthw ire,9mm

conductor 3850 83 24255 184 caonductor

subtotal 1 91897 62.1 subtotal 1

coentingencies,15% 13755 9.3 contingencies,15%

subtotal 2 105451 71.4 subtotal 2

erection, 40% 42180 288 arection, 70%

total 147622 100.0 total

unit cost In USS of 1998 220k VvV layout considerations

tow er s/c mountain 0 unit towears

tow er s/c.plain, 0 unit tangent 0-8grd

tow er d/c,mountain 21450 unit angle &-30grd

tow ar,d/c plain 18500 unit acute angle 20-60grd

land & right of way 420 per tow er averaga weight s/c

foundation s/c 0 pertower average w eight d/c

foundation dic 4708 pertower

hardw are 220kV s/c 0 pertower foundation

hardw are,220kV d/c 870 per tow er s/c

nsulators ,220kV s/c,mountain 1911 pertew ar dic

insulators 220kV s/c plain 1485 per tow er

insulators 220kV ,d/c,mountain 3822 pertower insulator strings

insulators ,220kV d/c.plain 2970 per tow er suspension

earthw ire 9mm 400 per km single tension

conductor,rail (220kV) 3850 per km doble tensfon
average s/c

base prices average dfc

foundation 220 $/m3

stealstructures 1100 $/ton span

insulatar 13 $/disc average s/c & d/c

average quantiy

tn mountsinous areas

unitprice/$ Qty/km
21450 28
420 28
4708 2.8
870 2.8
1911 2.8
400 1.08
34850 83
220kV
plain
80%
12%
8%
0
15
0om3
21.4 m3
discs/tow er phin disc/tower
84 80% 67.2
168 12% 20.18
336 8% 28.88
114.24
226 .48
plain
380
2.83

total/$/km

59583
1167
13078
2417
5308
420
24255
108228
15934
122162
85513
207875

mountain
55%

30%
15%

287
08
83
12
26
0.2

1.7

51.2
7.7

58.8

41.2

100.0

0 tonftow er
19.5 ton/tow er

mountain disc/tower

55% 46.2

30% 50.4

15% 50.4
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Daral Khwar with limited Tunne! Storage
Evaluation of Capacity, Energy and Benefit
Loss function Peak time /h Fix loss /kW 100
factors q*2 Off peak time /h 20 eta Trafo 0.99
Alt. Max./m 1723 eta Generator 0.08
0.0642 Alt. Min. /m 1708 eta Turbine 4 084
eta Turbine 20 086
- & a ] .g a Q a
2|5 (Y |2 |e g |¥ g 1% (¥ 18 |3 |3 B 1S (% (% 18 IS s
® = a = x - o e [ : o~ [} ® - g .1 0
3 |5 |4 2 |z |2 |e g (8 |2 |8 (& (& (& (€ 2 (& (& (2|8 [E |8 |2 |58
m | m¥ | mY é E 8 | 8 $fllir(g
150 [ sec | sec |[sec| m mim|m|[m|m}|m KW | KW | kwW © © | h | kWh]kwh cap. Mio$ | Mio$ | Mio$ | Mio$
111 JAN 11 28 08 1415 1716 1716 200 300 300 300 081 083 6727 6727 1782 0834 1 2 6 0039 0034 708 0033 0048 0038 D118 31 2081385
132 FEB 13 31 1.0 1415 1716 1717 200 302 300 02 081 083 7220 6727 2302 0809 1 2 7 C03@ 0034 708 0032 0048 0044 0123 28 3192786
341 MAR 34 51 31 1415 1716 1721 300 306 209 305 081 083 12173 6727 7543 1510 5 6 44 0038 0034 7.08 OO60 0.04B 0159 0266 31 9123855
982 APR 98 11.8 95 1415 1716 1722 300 307 292 301 081 083 26848 6727 23270 3222 14 17 335 0.030 0034 7.08 0.127 0048 0476 0650 30 25457627
1455 MAY 145 150 145 1415 1721 1723 308 08 291 294 081 083 34835 6727 34712 4320 22 26 730 0.042 0036 7.08 018t 0048 0.777 1.006 31 38962608
1495 JUN 149 150 149 1415 1723 1723 308 308 293 293 081 0.83 35044 6727 35775 4205 21 26 745 0042 0036 708 0176 0048 0775 0999 30 38749574
1497 JUL 15.0 150 150 1415 1723 1723 2308 308 203 293 081 083 35054 6727 35828 4347 22 27 772 0039 0034 708 0171 0048 0757 0976 31 40005411
12680 AUG 126 143 123 1415 1718 1723 300 307 287 208 081 083 32806 6727 29758 4068 18 23 555 0039 0034 708 0.160 0.048 0628 0836 31 33759454
550 SEP 55 7.2 52 1415 1716 1722 300 307 297 305 081 083 17077 672712763 2049 8 10 108 0032 0034 7.08 0081 0.048 0261 0389 30 14259439
275 OCT 28 45 24 1415 1716 1721 200 205 299 305 081 083 10629 6727 5906 1318 4 5 290 0039 0034 7.08 0052 0048 0125 0.224 31 7374073
1.75 NOV 1.7 35 1.4 1415 1716 1719 300 304 209 303 081 083 8242 6727 3381 0089 2 3 12 0036 0031 708 0036 0048 0.064 0.147 20 4531720
1.35 DEC 1.3 31 1.0 1415 1716 1717 200 302 300 A2 081 083 7281 6727 2366 0903 1 2 8 0036 0031 7.08 0.033 0048 0046 0.127 31 3603087
h h P P E
min max max firm total
TOTAL 287 05 35054 6727 20 119 148 3352 1142 0572 4148 5862 365 222
048 0.38
Legend
Qtot m*/sec  Total discharge avallable for turbining Pfpeak kw Firm peak capachy (available 4hours per day all over the year with 95%
robabilit
Qiurb4 m’/sec  Discharge avaliable for 4 hour peaking Poffpeak kW Rverage z;pacity during off peak production
Qturb20 m’/sec  Discharge available for 20 hour offpeak production E/peak GWh Peak energy
ait.Indus m Waterleve! of Swat River E/offpeak GWh Off peak Energy
altintake 4 m Average Waterleve! of headpond for peaking ERot GWh Total energy
attintake 20 m Average Waterlevel of headpond for offpak production Vipeak $KWh Vaiue per KWh of peak energy >
h4 m Gross head available for 4 hour peaking Vioffpeak $A&Wh Value per kWh of off peak energy g
h20 m Gross head available for 20 hour offpeak production Pfipeak  $A&Wfirmcap Value per kW of firm capacity 2
hd net m Net head avaiiable for 4 hour peaking B/peak Mio$ Benefit of peak energy
h20 net m Net head available for 20 hour offpeak production B/Firmcap Mio$ Benefit of firm capacity =
etad Total efficiency during peaking Bloffpeak Mio$ Benefit of off peak energy N
eta20 Total efficiency during offpeak production Bhotfirm  Mio$ Total benefit w
Ppeak KW Peak capacity
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10.2.2

10.2.3

85-15-10

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Daral Khwar HPP

|Monthwse Daiy Produetion cycle
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« Discount Rate
An economical discount rate of 10% has been taken.

¢ Economic Life Time
30 years of economic life has been taken.

Redundancy Criterion

In case of the outage of one line, the remaining system must be able to take over the power
flow from the concemed HPP in order to avoid instability of the system. In the case of smaller
HPP whose loss will not be crucial to the system, a second circuit can be omitted.

Technically speaking, this means that in cases where this n-1 criterion is applied, the remaining
system can be loaded upto its technical limit which is determined by the thermal loading limits of
conductors. In accordance with WAPDA standard an ambient temperature of 35°C and a
Conductor temperature of 75°C have been taken as border conditions.

The following thermal loading limits have been established in accordance with WAPDA practice:

Nominal Thermal Loading Limit / MVA

Conductor Diameter mm 33kv 66 kV 132 kV 220 kV 500 kV
Dog 1415 20 39 77 - -
Lynx 519.63 - 56 112 - -

Rail 28.48 - - 202 337 766
Greeley 27.09 184 307 2094

(3 bundle)
Existing System

The existing transmission system in the region has been designed to transfer the energy from
the national grid to the consumer centers in the valleys. It is basically composed of 132 kV
Single Circuit (SC) Lynx Conductor lines. A layout of the existing system is presented in Annex
10.2.4. Whenever possible, this system, should be integrated.

May.% 1 0-1 0
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[ ‘ Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ2)

4 10.3 THE TRANSMISSION SYSTEM
10.3.1  Routing

——

E . Given the topography and the location of the Hydropower Plant presented in Chapter 10.1,
Annex 10.1.1 above, the power/energy produced in the northem valleys of NWFP will have to
be transmitted over basically 4 Influx-Channels into the System

. Chitral Valiey / Panjkoora Valtey via Chakdara to Mardan
. Swat Valley via Chakdara to Mardan

Indus Valley via Mansehra to Islamabad

. Kaghan Valley via Mansehra to Islamabad or to Mangla.

STvEe T

BN -

1032 Voltage

Due to the size of the HPP to be interconnected, two types of systems have to be designed, a
220/500 kV system and a 132/220 kV System.

Ly

£ Both systems are necessary independent of each other and the layout of one system does not
o influence significantly the layout of the other one in a way, that both systems can be planned
and implemented independently.

Precautions must be taken only in the choice of the routing giving priority to the right of way of
the fine with the higher voltage level.

10.3.21 220/500 kV System

The 220/500 kV system in for larger sites ranging from 400 MW upto 1000 MW. This
transmission system mostly on 500 kV level will reach further into the grid system and being of
supra-regional importance will have to be planned individually within the NPP-system expansion
planning on a national basis.

19/09/98 11:58 55-15-10/ 30

10.3.2.2 132/500 kV System

The 132/220 kV voltage system for medium sites upto approx. 400 MW and on a more regional
basis within the northem periphery of the grid system. The power from this system will be partly
absorbed in the area itself and partly be transmitted to the area bordered by the line Peshawar-
Mardan-Tarbela-Burhan-lslamabad.

3

The status of preparation of the concemed HPP presently identified to the tune of approximately
1500 MW will allow a successive implementation of these projects upto the year 2010. Daral
Khwar HPP will form a part of this system.

103.2.3 Layout and Development of the 132/200 kV System

Based on the above considerations a transmission system has been designed which will allow
to satisfy the local and regional demand and which will integrate the proposed HPP as follows:

Chitral / Panjkoora Swat Indus
Name Capacity Name Capacity Name Capacity
Reshun 4 MW | Batal Khwar 8 MW | Summar Gah 28 MW
Shishi 2NMW | Matiltan 82 MW | Duber Khwar 160 MW
Golen Gol 100 MW | Kalam 100 MW | Ranolia 11 MW
Shamai 115 MW | Kedam 410 MW | Khan Khwar 72 MW
Koto 53 MW | Daral 28 MW | Allai Khwar 125 MW

Madyan 140 MW
Total: 274 MW 968 MW 396 MW
Grand Total: 1638 MW
55-15-10 May-08 10-12
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Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

The basic system is presented in Annex 10.3.9. The 132/220 kV transmission system will be
built up step by step synchronous to the development of the concemed HPP and the local
power demand.

! Demand Forecast for WAPDA Grid Stations in
Northern Pakistan

[ Existing Grid $tation | New Grid Stations ‘
T T i T T T T i T 7 " ]
' 5 1 ' 1 . i ' ! '
| | | = ol | : 1 | ‘ r ! ‘
58 5|8 ! & ° |3 A
MBI §.§%2.§«‘3J§¢El='§t.—§ g5
88 .8 1§y E|3| 2 FE £ £ 5 81656 étéiﬂw‘i‘
L = O 2z , - P2 2 I ® i = =
| l 4 : Jw| \ 1 . ‘ ’ . '
| ) . . ] | | ? i
1996 25 | 13| 65| 31 | 4 3 15 251 8 | 1. 7, 4 2| 4. 3
1997 27| 14. 51 x| 48 3| 16| 51| 27| 84| 12! 7. 5| 2. 4 3 |
1998 28 | 15, 6 3B | 51, 3| 17 54| 8 [100 | 12| 8| 5; 2 4 3
1999 0 | 15| 6| 37 4 18| 57] 30 (106 13 9| 5| 3 4] 3

Alf hgures in MW
Average Groth rate = 6% per Year for existing stations

The demand forecast is presented in the table above. It has been elaborated for the existing
WAPDA Grid Stations by increasing the 1996 peak load with an annual 6% growth rate. In
some cases the demand of several S/S have been summed up in another $/S in order to
simplify the presentation.

For the future Grid Stations, the intermediate demand forecast of the relevant regional
electrification studies prepared by SHYDO/GTZ have been taken.

The development of the system in steps coinciding with the commissioning of new HPP has
been elaborated for the years:

1996-2000-2001-2002-2003-2004-2006-2007-2010 and 2020.
The results are presented in Annexes 10.3.1 {0 10.3.11.

As shown in the annexed graphics Daral Khwar will be connected to the system by two 132 kV
transmission lines in order to meet the n-1 redundancy criterion.

It is expected that Matiltan and Batal Hydropower plants will be build before the under
discussion Daral Khwar HPP. Batal Khwar will be connected to Matiitan HPP by means of a
33 kV interconnection. Matiltan will be connected to the system at proposed Madyan grid station
by means of 132 kV Lines. Daral HPP will be connected to Madyan Grid Station by in out of one
of the two circuits from Matiltan to Madyan, this effectively will provide for two interconnections
to the grid, one line to Madayan and the other through Matiltan. The in out at Daral Khwar
power plant is by means of 1-km transmission line on Iynx. The double circuit Matiitan to
Madyan will possibly be on Rail Conductor (51 km long). The Madyan to Khawaza Khela and
Swat existing interconnection will also need to be made a double circuit interconnection to
centre for the three power plants under discussion.

55-15-10 May-98 10-13



aL-si-ss

86-Kew

¥1-0}

Drosh -6 4

a

4
I pir.178

v

18/09/98 12:27 55-15-10/ 30

Timergara -50

——

New 220xV SS

e

[ New 132kv SS I

{emmg 132KV S5 \

Powerflow In kw
1138
=

Le¥ ——_—

-
¥

Jehangir -14

Ranolia +11

28
T

Dasu -3

DuberKhwar+160

NlNi
o o

i

25

1
"

KhanKhwar+70 l——i Besham |

22

i
ShanglaPar-3

o) ¢

1
/

a4

I

r;
| —

Allai Khwar +125

JL Battal .15

Burhan

LD

Distance in km
New 220kV 3xRali - ,
et
New 220kV Rafl Exist 132kV Lynx
New 132kv Rait Exist 88kV Dog
New 132kV Lynx Exist 33kv Dog

) A
Tarbela(220) ‘ﬁ Burhan (220) Istamabad (220) 1

Development of Transmission Systemin =

] Chitral-, Panchkora-, Swat- and Indus Valley

___ Year 2010

Vergion 3 2407796 Prirted an 20079 draving!

JARE
i Mansehra -E-r—ul :”
af
N Mansehra(220)
Abottabad -25 j pa
@ 8 §
Haripur -89 j g :
-\.\ w -
§ &

?'2°01 xauuy

106f0.4 somodaipAH 1emijy je1ec) — Apnis Apqisead

(Z19-OQAHS) uoeIedo-0D [E2MUYD8 L UBULIED-UBSIE]



_——
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104 COST

The cost of the 132 kV system has been elaborated and economic cost allocated to the specific
HPP.

AT,

1041  CostEstimation

Cost estimation for the element of the system has been camied out based on the detailed
analysis described in chapter 10.2.1 and Annexes 10.2.2.

L ]
(]

ey

The investment cost for the whole system is shown in in the same Annexes divided in sub-
systems as follows:

{ System 1  indus Valley 34.8 Mio. $
; System2 Swat Valley 41.1 Mio. $
E i System 3 Chitral/Panjkoora Valley 328 Mio. §
f ‘ 1’336 economic cost has been elaborated by discounting investment cost and HPP capacity to
S (see Annex 10.2.1).

. The benefit due to distribution tasks taken over by the system has been considered by
U elaboration of a distribution orientated transmission system without inclusion of HPP. The

S discounted investment cost of this system has been deducted from the base case transmission
S system which includes all proposed HPPs.
H ﬁ The results are as follows:
3
N Summary Allocation of Transmission Cost
d ha Chitral/Panchoora-, Swat-, Indus-Valley
] @ Capacity Transmisslon Cost Transmission
§ Name of Direct System  Total discounted 1996
- HPP MY Mo § Mo $ Mo § Mo $ MV
[ Battel Khwar 8 03 02 06 ; 0.4 6
. Ranoka 11 03 03 07 . 06 83
Summar Gah 28 13 08 2.1 24 210
; Daral Khwar 28 08 08 1.6 : 1.0 17
F Koto 53 1.2 16 28 186 154
& Khan Khwas 70 19 2.1 40 ‘ 36 478
Matitan 85 33 26 58 42 64
Kalam 100 36 30 66 ¢ 46 51
E] Golen Go! 100 37 30 6.7 47 29.0
Sharmai 15 32 35 67 4.1 333
‘Alai Khwar 124 31 38 6.8 5.7 526
H Madyan 150 37 45 8.2 ! 47 58
Duber Khw ar 160 53 48 102 — 9.9 90.3
Kedam 410 120 124 244 B 153 174
Bystem Expansion 20
[ Total Systems 1442 44 44 109 63 668
* Specific Transmission Cost
Discounted Transmission cost with HPP 62.7 Mic §
[ - Discounted Transmission cost without HPP 2.3Mo
Discounted net Transmission Cost 40.4 Mio §
Discounted added Capacity 867.9 MW
Specific Transmission Cost 60.6 $/kw
E Aliocation of Cost
Dirct 50% 30.3 kW
-Sy stem 50% 30.3 $/kW
[ Distribution of direct cost by Load Moment
{ 55-15-1D May-98 10-15
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The result of 60,6 $/kW specific transmission cost is similar to the specific transmission cost of
70 $/kW elaborated on national level in the Cooper and Leybrands Study but including S/Station
cost. In the present case, station costs have been included in the cost of the relevant HPP.

Allocation of Cost

The transmission costs have been allocated to the different HPP by allocating 50% of the cost
or 30,3 $/kW to system cost and 50% to Direct or Connection Cost.

The distribution of the Direct Cost has been done by Load Moment (Capacity x Distance to
Load Centre) in order to capture benefits of closer location to load centre and punish long
transmission lines to remote HPP.

The result is presented in the above table, details can be seen in Annex 10.4.1.

Daral Khwar HPP bears an economic transmission cost of

Direct cost 0.8 Mio. US$
System cost 0.8 Mio. US$
Total cost 1.6 Mio. US$

This value is higher than the investment cost of 0.8 Mio. US$ for connecting Daral Khwar to the
system (see Chapter 11 "Cost").

LIST OF ANNEXES

Location of High Head Hydropower Plants in Northem Pakistan
Choice of Voltage, System & Conductor Size for 132 kV, 220 kV & 500 kV
Cost of HV Transmission Lines 66 kV

Cost of HV Transmission Lines 132 kV

Cost of HV Transmission Lines 220 kV

Daral Khwar Capacity, Energy and Benefit

Transmission System Chitral / Dir Swat Indus Kohistan
Development of Transmission System 1996

Development of Transmission System 2000

Development of Transmission System 2001

Development of Transmission System 2002

Development of Transmission System 2003

Development of Transmission System 2004

Development of Transmission System 2006

Development of Transmission System 2007

Development of Transmission System 2010

Development of Transmission System 2020

Development of Transmission System 2020 without HPPs
Evaluation and Repartition of Transmission Cost for HPP in NWFP
Evaluation of Transmission Cost without HPP

May-98 10-16
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Pakistan German Technical Cooperation (SHYDO-GTZ)

Feasibility Study - Daral Khwar Hydropower Project
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Evaluation of Transmission Cost without HPP

System 1

Cost of System
from
9

Mansehra

Mansehra

Mansehra

Haripur

Besham

Battal

Battal

Systim 2

Cost of System
from
SIS

Madyan

Matikan

Swat

Chakdara

System 3

Cost of System
from
Sis

Timergara

Timergara

Dir

Summary
System1

System?2
System3

Indus Valley

to length

98 km
Battal 3B
Abottabad L}
Haripur 75
lslamabad 29
Dasu 65
Besham 61
Mansehra 35
Swat Valy

to length

R km
Matitan 51
Battal Khwar 7
Chaldara 12
Mardan 85
Chitral & Panchkora Vafley

to length

88 km
Chakdara bL)
Dir 70
Drosh 45

type  voltage
kv
SClym 132
SClymx 132
SCRal 220
DCRal 220
C Dog 66
SClynx 132
SC Lynx 133

type voltage
kV
SClynx 132
SC Dog 3
SC Rai 132
DCRal 22

type voltage
kV
SCRai 132
Slym 132
8CDog 66

Specific
cost

23

63
€0
50

—

50
63
64
TOTAL

Specific
cost
km$
62
12
90
263
TOTAL

Specific
cost
kmik$
90
62
50
TOTAL

TOTAL

nvestment
cost
kS
270
1512
6750
4350
3250
3843
2240
21875

Investment
cost
kS
3162
84
3780
22355
026

Dscounted
cost1996

k§
628
136
1191
2101
20442
2887
1045
15031

Discounted
cost

kS
2376
63
1095

3534

hvestment  Discounted

cost
K5
2070
4340
250
2070

21875
7026
270

w0

cost

]
600
1841
1270
3710

15031

3710
222148

1987

1998

1999 2000 2001

1512

3250
3843

3162

2002 2003 2004 2005 2006 2007 2008 2009 2010

170
6750
4350
2240
3780
2070

4340
2250
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Pakistan-German Technical Co-operation (SHYDO-GTZ)

BASIS OF ESTIMATES

The cost estimates have been established on the basis of the Feasibility Design of Daral Khwar
Hydropower Project.

The basic construction cost of the hydropower scheme is divided into main groups as

Preliminary Works

Civil Works

Hydraulic Steel Works
Hydro-mechanical Equipment
Electnical Equipment
Transmission System
Engineenng and Administration
Other Costs

The basic construction cost estimate contains all work and supply items included in the
construction of permanent project works, investigation and planning costs, engineering and
administration services and the cost of all preliminary works.

A centingency allowance is included as a separate item in the estimate for each project
component. The purpose of this allowance is to cover minor differences between actual and
estimated quantities, unforeseen items of work, possible minor changes and other
contingencies.

Finally, as foreign investment would be needed, the cost estimate was split into foreign and
local components, which vary with the individual items.

Preliminary Works Cost
See Table A Cost Estimate of Preliminary Works.

Preliminary works comprise of the following:

a) Environment Impact Mitigation Cost

Compensation for trees and houses.

Disposal of excavated material with landscaping and plantation

Rehabilitation of quarry with landscaping and plantation

Improvement of water supply system and sewerage system of Bahrain town

Providing sewerage disposal for the houses downstrearn of the weir

Providing power transmission lines to the two water mills, providing electric motors couplings and
ather items for conversion

« Monitoring of quality of water supply over the plant life

« Land acquisition

The environmental impact mitigation cost has been derived from the Environmental Impact
Assessment report (Appendix 6 of the Feasibility Study)

Total Cost 622000US $

b) Cost of the Access Roads to the Main Work Sites

s Access Roads to the Weir Area

A new permanent access road to the weir area with a length of approximately 3,600 m is
recommended for construction and maintenance purposes only.

Total Cost: 500,000US §

May-08 11-2
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Feasibiity Study — Daral Khwar Hydropower Project

Table A
Preliminary Works Cost

Price Level 1997

Pakistan-German Technical Co-operation (SHYDO-GTZ)

42.00 Rs/US$

Cost in 1000 US$
ITEM STRUCTURE Local Foreign Total
A1 INITIAL AND ANNUAL ENVIRONMENTAL MITIGATION COST 622.00 0.00 622.00
A11 |Compensation of trees 5.00 0.00 5.00
A12 |Disposal of excavated material with landscaping and plantation 30.00 0.00 30.00
A13 |Rehabilitation of quarry with landscaping and plantation 8.00 0.00 8.00
A14  Jimproving water supply system and sewerage system of Bahrain town 240.00 0.00 240.00
A15  |Providing sewerage disposal for the houses downstream of the weir 24.00 0.00 24.00
A16 |Cost of providing power transmission lines to the two water mills, 5.00 0.00 5.00
providing electric motors, couplings and other iterns for conversion
A17  [Monitoring of quality of water supply over the plant life 30.0C 0.00 30.00
A18 |Land acquisition 280.00 0.00 280 00
A2 JACCESS ROADS TO THE MAIN WORKS SITES 1005.00 0.00 | 1005.00
A21  |New access road to the weir site, 3.6 km 500.00 0.00 500.00
A22 [New access road to the access tunnel, penstock tunnel, surge tank 280.00 0.00 280.00
area, 2 km
A23 [New access road to the powerhouse down to elevation 1420 masl, 70.00 0.00 70.00
0.4 km
A24  (Improvemnent of existing roads to project sites, 2.2 km 155.00 0.00 155.00
A3 COST OF TRANSPORTING HEAVY LOADS, DARGAI-BAHRAIN 155.00 0.00 455.00
A31 |Hire of special trailer and tractor unit 15.00 0.00 15.00
A32 |Hire of heavy cranage for loading/unloading 10.00 0.00 10.00
A33 Fabrication of barge unit c/w cables, transporting and setting up g0.00 0.co 90.00
A34 [Iimprovement of temporary access roads to Swat river water edges at 20.00 0.00 20.00
Madyan
A35 [Strengthening of old masonry bridges and cuiverts / subsequent repair 20.00 c.00 20.00
if necessary
Ad CAMPS AND HOUSING DURING CONSTRUCTION 270.00 0.00 270.00
A41 ICamps and housing for the construction and supervisory staff 270.00 0.00 270.00
SUBTOTAL 2052.00 0.00 | 2052.00
10 % CONTINGENCIES 205.20 0.00 205.20
TOTAL COST OF PRELIMINARY WORKS 2257.20 0.00 | 2257.20
Price escalaltion and interest during construction are not included
55-15-11 May-98 11-3
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55-15-11

Pakistan-German Technicai Co-operation (SHYDO-GTZ)

« Access Roads to the Access Tunnel and Penstock Tunnel Platforms, and Surge Tank

A new permanent access road to the access tunnel and penstock tunnel working platforms and
a road branch to the surge tank area with a combined length of approx. 2,000-m is
recommended for construction and maintenance purposes.

Total Cost: 280,000 US $

« Access Road to the Powerhouse Site

A new permanent access road to the powerhouse area with a length of approx. 400 m is
recommended for construction and maintenance purposes.

Total Cost: 7000008 S

« Improvement of Exiting Roads to the Project Sites

Improvement of the alignment and widening of the route of the exiting roads to the weir area
and towards the access tunnel platform of the headrace tunnel with a length of approx. 1,200 m
and 1,000 m respectively is required to facilitate the traffic during construction

Total Cost: 155000US $

c) Cost of Transporting Heavy Loads from Dargai to Bahrain

+ Hire of special tractor and tractor unit

o Hire of heavy cranage for loading / unloading

« Fabrication of barge unit c¢/w cables, transporting and setting up

+ Improvement of temporary access roads to Swat river shores at Madyan

+ Strengthening of old masonry bridges and culverts and subsequent repair if necessary

The cost of transporting heavy loads from Dargai to Bahrain has been derived from Chapter 9
of this study “Transport and Access Facilities”

Total Cost 155,000 US $

d) Camps and Housing for the Construction and Supervisory Staff

Based on the experience gathered from other similar hydropower projects, the cost of camps
and housing for the construction and supervisory staff is estimated as follows:

The required area is about 2,700 m°., and the
Total Cost: 270.000US $

e) Total Cost of Preliminary Works

Sub Total from a) to d) 2,052,000 US$
10% Contingency 205,200 US$
Total Cost of Preliminary Works 2,257,200 US$

Preliminary works are considered to be 100% local cufrency.

Civil Works Cost

See: Appendix 11 Cost Estimate Civil Works,
Table B Compilation of Cost Estimates for Civil Works

Based on the engineering design of the project, the quantities have been calculated for the
individual work items.

May-98 114
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Table B

Compilation of Cost Estimates for Civil Works

Price Level 1997

Pakistan-German Technical Co-operation (SHYDO-GT2)

42.00 Rs/US$

Cost in 1000 US$
ITEM STRUCTURE Local Foreign Total
WEIR AND INTAKE 1005.41 782.68| 1788.09
B11 |Site installation and river diversion 87.54 200.39 287.93
B12 |Weir 852.48 531.83 1384.314
B13 |Lateral intake 65.38 50.46 115.85
CONDUIT SYSTEM 3606.22] 7016.80| 10623.02
B21 |Connection tunnel and gravel spiil 61.69 127.54 189.23
B31 |Sandtrap 797.78 338.30 1136.08
B32 |Headrace canal 62.68 56.10 118.78
B41 [|Headrace tunnel 1997.17| 517265 7169.81
B42 |Access tunnel 142.19 340.43 482.62
B43 |Working platform of the access tunne! 7.94 51.00 58.95
B51 |Surge tank 293.90 523.53 817.42
B52 (Penstock tunnei 58.61 137.87 196.48
B53 |Valve chamber and penstock anchor biock 82.27 61.53 143.80
B34 |Woerking platform penstock tunnei and vaive chamber 6.10 32.44 38.53
B61 |Penstock excavation works 95.89 175.42 271.31
POWERHOUSE AND TAILRACE STRUCTURES 1141.42| 1097.34 2238.75
B71 |Site instaliation, excavation and protection work 162.75 612.48 775.24
B71 |Concrete works 782.93 387.e8 1170.81
B72 [Finishing / internal works 195.73 96.97 292.70
ADDITIONAL WORKS 373.50 0.00 373.50
B81 [Permanent residential buildings / stores /workshops 373.50 0.00 373.50
SUBTOTAL 6126.55| 8896.82] 15023.37
15 % CONTINGENCIES 918.98 1334.52 225350
TOTAL COST CIVIL WORKS 7045.53| 10231.34; 17276.87
Price escalation and interest during construction are not included
55-15-11 May-88 11-5
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Palkistan-German Technical Co-operation (SHYDO-GTZ)

The computed unit prices include the cost of labour, material and equipment, with due
consideration for the local conditions. Each item has been calculated for local and foreign
currency. The main structures have been subdivided as follows:

Weir and intake
Conduit System
Powerhouse
Other Works

This has been done as there would be different contracting companies which would be
interested in different aspects of the project.

Contingencies for the civil works were taken as 15% of the basic cost which reflects
uncertainties of conditions and minor changes of work.

Total Cost of Civil Works 17,276,871 US$ {100%)
Local Components 7,045,530 US$ (41%)
Foreign Components 10,231,341 USS (59%)

Compilation of cost estimates for civil works is enclosed in this chapter as Table B.

Some examples of estimated unit rates (price level 1997) for civil works of main structures are
listed as follows:

(Contingencies of 15% as considered for civil works are not included in these unit rates).

+ River Diversion, Weir Structure

Cofferdams 8 uss/mg
Rock excavation 11 US$lm3
Provision and placing of concrete 80-80 US$/m2
Provision and piacing for formwork 18-22 US$/m
Provision and bending of steel bar 650 USS$/itonne

s Sandtrap
Sandtrap total length 90 m,
Effective cross-sectional area 62.50 m
Excavation, reinforced concrete, protection works 12,623 US$/m

+ Headrace tunnel
Tunnel length 3044 M2
Cross-sectional area 834 m
Excavation, support and concrete lining 2,356 US$/m

« Surge tank
Vertical chamber height 35 m2
Cross-seclional area 1131 m
Excavation, support and concrete lining 23,355 US$/m

s Penstock
Length 800 m2
Diameter 200 m
Excavation, steel pipe, support, cradle and cover 3,635 US$/m

« Powerhouse and tailrace
Excavation powerhouse pit including support 13 US$/mz
Provision and placing of concrete powerhouse 90 US$/m2
Provision and placing formwork powerhouse 18-22 US$/m
Provision and bending of steel bar 650 US$ionne

May-98 11-6
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Cost of Hydraulic Stee! Works
See Table C

Based on the engineering design and the hydraulic steel works - layout presented in
Chapter 8.2 of this study, a cost estimation of the complete hydraulic steel structures has been
undertaken.

Weights and prices of the hydraulic steel structures have been estimated on the basis of
carefully analysed supplier-tenders and available characteristic indices from the European
markel for similar equipment.

Taking account of the international market situation and the local site condition of the Daral
Khwar Project, particularly the cost proportion of transport and assembly works have been
increased.

It is assumed, that some smaller components of particular items can be delivered by local
companies. The corresponding figures are listed in table C.

The cost estimate has been subdivided in the main structures as follows:

¢ Weir Total cost 136,080 US$

Flushing gate with two sections horizontally split.(1 unit)
Stop logs ( 1 set)

Gantry crane for placing and lifting of the stop logs (1 unit)
Steel lining, armour protection for the weir overfiow section,
intake and flushing gate sections

LR R R

¢ Intake and Gravel Spilling Structure Total cost 83,633 USS

Trash racks (4 sels)

Stop logs (4 units)

Spilling gate of the intake gate (1 unit)

intake gate (1 unit)

Flushing gate of the gravei spilling structure (1 unit)

* # R R »

e Sand trap Total cost 154,508 US$

Inlet gate (2 units)

Fine trash rack (2 units)
Outlet gate (2 units)
Flushing gate (2 unit)

* R *

« Valve Chamber Total cost 151,200 US$

Maintenance valve (1 unit)

Emergency valve (1 unit)

Drainage and ventilation valves

Crane of 10 tonne and 9.5 m width (1 unit)

%* #* » #*

s Access Tunnel Total cost 12,600 USS
* Tunnel door 1.8 mx 1.8 m (1 unit)

o Penstock Total cost 3,150,000 US$
= Steel penstock 913 m length , 2 diameater
+ Manifoid

+ Powerhouse Total cost 151,200 US$

=« Crane 30 tonne, m (1 unit)

May-G8 117
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Table C
Hydraulic Steel Works Cost

Pakistan-German Technical Co-operation (SHYDO-GTZ)

ITEM STRUCTURE Cost in 1000 US$
Local Foreign Total
C10 WEIR, INTAKE 125.00 30.00 155.00
c101 Flushing gate 4m x 2.5m x 2 25.00 15.00 40.00
c102 Stop logs 4m x Sm x 1 16.00 0.00 16.00
C103 Trash rack 26m x 1.1m-2m x 4 10.00 0.00 10.00
C104 Stop logs 2.6m x 2m x 4 16.00 0.00 16.00
C105 Spilling gate 1m x 2m x 1 4.00 0.00 4.00
C106 Intake gate 4m x 3.25m x 4 10.00 15.00 25.00
c107 Flushing gate 1m x 2m x 1 4.00 0.00 4.00
c108 Steel lining 18 tonne 40,00 0.00 40.00
c20 SANDTRAP 89.00 20.00 109.00
A201 iniet gate 5m x 2.8m x 2 37.00 13.00 50.00
A202 Fine rack 5m x 2.6m x 2 26.00 0.00 26.00
A203 Outlet gate 4m x 3.2m x 2 18.00 7.00 25.00
A204 Flushing gate 1m x 1.8m x 2 8.00 0.00 8.00
c21 VALVE CHAMBER 20.00 110.00 130.00
A211 Maintenance bufterfly valve Di=2m, 5bar 0.00 40.00 40.00
A212 Emergency butterfly valve Di=2m, § bar 0.00 40.00 40.00
A213 Drainage and ventilation vaives 0.00 10.00 10.00
A214 Tunnel door 1.8m x 1.8m 10.00 0.00 10.00
A215 Crane 10 tonne, 9.5 m 10.00 20.00 30.00
caz PENSTOCK 2350.00 150.00 2500.00
A221 Penstock pipe Di=2m, m 2200.00 100.00 2300.00
A222 Distribution pipe 150.00 50.00 200.00
C30 POWER HOUSE 40.00 80.00 120.00
C301 Crane 30 tonne, m 40.00 80.00 120.00
SUBTOTAL 1 2624.00 390.00 3014.00
TRANSPORT COST 5% OF SUBTOTAL 1 131.20 19.50 150.70
ERECTION COST 15% OF C21, C22, C30 372.50 40.00 41250
ERECTION COST 30% OF C10, C20 70.20 9.00 79.20
SUBTOTAL 2 3197.90 458 50 3656.40
CONTINGENCIES 5% OF SUBTOTAL 2 159.80 22.93 182.82
TOTAL COST OF HYDRAULIC STEEL WORKS 3357.80 481.43 3839.22
55-15-11 May-98 11-8
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Hydro-mechanical Equipment Cost

Based on the hydro-mechanical layout of the project and the description in Chapter 8.3 of this
study, the hydro-mechanical equipment comprises 2 Francis turbines including bifurcation, inlet
valves, draft tubes, govemors, auxiliary mechanical equipment and additional 1 Pelton turbine.

A cost estimation of the complete hydro-mechanical equipment has been undertaken.

it is known that mechanical equipment such as hydraulic turbines, vaives and governors are
quoted by the suppliers at rates which vary by 100% depending on the market situation.

In the case of this Daral Khwar the prices have been estimated after careful analysis and on
base prices mainly taken from recent tenders on the European market.

Because of no existing own production recourses in Pakistan, a 100 % foreign delivery of the
complete hydro-mechanical equipment has been assumed.

« Francis turbines, 2 units, 6.25 m%/s each Total cost 2,739,240 US$

Bifurcation, asymmetric, 2.0 m inlet diameter, approx. 1.1 m outlet diameter
inlet valves, 1.1 m nominal diameter, spherical vaives with double acting servo-motors
operated by oil pressure, bypass pipe included

= Spiral casing with fixed stay vanes, adjustable guide vane mechanism for flow regulation
moved by hydraulic servo-motors

= Shaft, turbine runner, guide bearings - vertical support by thrust bearings in the
generators
Draft tube

* Govemor, 2 electro-hydraulic controi units with hydraulic oil pressure supply system
Auxiliary mechanical equipment
dewatering-, cooling- and ventilation systems, workshop-, oil handling- and fire fighting
equipment.

« Pelton turbine, 1 unit, 2.5 m¥s Total cost 650,160 US$
including casing, runner, turbine shafi, fly wheei, nozzles, bifurcation pipe, iniet valve and
govemor.

Table D
Hydro Mechanical Equipment Cost

Cost in 1000 US$

TEM STRUCTURE Local Foreign Total
D100 FRANCIS TURBINE, 2 UNITS, 6.25 m°/s each 0.00 2174.00 2174.00
D101 Bifurcation 0.00 97.00 97.00
D102 Inlet valve 0.00 219.00 219.00
D103 Spiral case 0.00 410.00 410.00
D104 Guide-vane mechanism 0.00 1033.00 1033.00
D105 Shaft 0.00 24.00 24.00
D106 Runner 0.00 120.00 120.00
D107 Bearing 0.00 37.00 37.00
D108 Sealing 0.00 12.00 12.00
D109 Draft tube {bend) 0.00 42.00 42.00
D110 Governor 0.00 153.00 153.00
D111 Auxiliary mechanical equipment 0.00 27.00 27.00
D200 PELTON TURBINE, 1 UNIT, 2.5 m¥s 0.00 516.00 516.00
D201 Turbine complete with governor 0.00 451.00 451.00
D202 inlet valve 0.00 65.00 65.00
SUBTOTAL1 0.00 2690.00 2690.00
Transport Cost 5% of Subtotal 1 120.00 14.50 134.50
Erection Cost 15% of Subtotal 1 120.00 283.50 403.50
SUBTOTAL 2 240.00 2988.00 3228.00
Contingencies 5% of Subtotal 2 12.00 149.40 161.40
TOTAL COST OF HYDROMECHANICAL EQUIPMENT 252.00 3137.40 3389.40
May-968 11-9
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! Feasibilty Study — Daral Khwar Hydropower Project Pakistan-German Technlcal Co-operation (SHYDO-GTZ)

Electrical Equipment Cost
See Table E

Based on the electrical layout presented in Chapter 8.4 of this study, a cost estimation of the
complete electrical equipment has been undertaken.

It is known that equipment such as Generators, Transformers and Switchgear are quoted by the
suppliers at rates, which vary by 200% depending on the market situation. In countries without
an own production of the equipment in question, as it is the case in Pakistan, prices are usually
at the lower end of the scale.

In the cost estimate of Daral Khwar the prices have been elaborated after careful analysis and
on base prices mainly taken from recent tenders of WAPDA for equal or very similar
equipment.

If must be understood, that restriction upon access to the intemational markets may increase
cost of the concemed items significantly (up to 3 times).

The estimate has be structured in the generic items of:

s Genperators Total cost 2.08 Mio. US$
Including the two generators of 18 MVA each and one generator of 7.5 MVA

¢ Transformers Total cost 0.368 Mio. US$
Including two Transformers of 26 MVA each, and two auxiliary transformers.

e 132 kV Switchgear Total cost 0.395 Mio. US$
Including ail equipment for the 132 kV switchyard as specified and presented in the
drawings

¢ 11 kV Switchgear Total cost 0.479 Mio. US$
Including ali 11 kV equipment needed in the powerhouse and intake area with cubicles,
cables and accessories as specified and presented in the drawings.

+ Low Voltage and DC supply Total cost 0.551 Mio. LSS
Including the whole lot of 0,4 kV AC and 110 V DC equipment needed in the powerhouse
and intake.

« Control. Alarm, Protection Telecommunication and Watches Total cost 1.884 Mio. US$
Inciuding all relevant equipment to ensure the safe operation of the plant

« Lighting and Small Power and Emergency Diesel Total cost 0.378 Mio. US$
Inciuding all items according to the specifications laid down in the description and drawings.

» Various Total cost 0.935 Mio. USS
This item sums up all other equipment needed for a proper operation of the plant such as
Fire Alarm and Fighting Equipment, Earthing system Main cooling system of the main
Generators, Transformers and Powerhouse Climatization, Cables, Rocks, Spare parts and
other small items not specifically considered.

The cost of the electrical equipment sums up to 7.070 Mio. US$
Contingencies of 5% (including price and physical contingencies)have to be added.

The total cost, inclusive of contingencies,
of the electrical equipment has been estimated as: 7.424 Mio. US$

out of which 18% correspond to local cost and 82% correspond to foreign cost.

May-88 1110
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Table E

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Electrical Equipment Cost

Price Level 1997

42.00 Rs./US$

Cost in 1000 US$

No. Structure and Pay items
Local Foreign Total
E1000 |E1 - Generator 130 1950 2080
E1100 | Delivery of Generators 18 MVA each 0 1200 1200
E1101 | Transport to site 60 60 120
E1102 | Erection 40 200 240
E1103 | Commissioning 15 60 75
E1200 | Delivery of generator 7.5 MVA 0 400 400
E1201 | Transport 5 10 15
E1202 | Erection & Commissioning 10 20 30
E2000 |E2 - Transformers 65 03 368
E2100 |2 Btock Transformers, 26 MVA each 40 300 340
E2101 | Delivery of transformers 0 260 260
E2102 | Transport to site 30 30 60
E2103 | Erection & commissioning 10 10 20
£2200 [Auxitiary Transformers 25 3 28
E2210 [ Delivery of Powerhouse Transformers 10 0 10
£2220 |Delivery of intake Transformers 5 0 5
E2201 [ Transport to site 0 1 1
E2202 | Erection & Commissioning 10 2 12
E3000 |E3-132kV Switchgear 65 330 395
£3010 | Delivery Circuit Breakers t] 140 140
E3020 |Delivery Isolator 0 35 35
E3030 | Delivery Voltage Transformer 0 36 36
E3040 | Detivery Current Transformer 0 48 48
E3050 | Delivery Surge arrester 0 36 36
E3060 | Delivery Gantry 15 0 85
E3070 | Delivery other 15 15 30
E3080 | Civil Works 15 0 15
E3001 | Erection & Commissioning 20 20 40
E4000 | E4 - 11 kV Switchgear 237 242 479
E4110 | Delivery Powerhouse panels 100 170 270
E4120 | Delivery Intake panels 30 50 80
£4200 | Delivery cables 25 5 30
E4201 ) Transport cables 1 4] 1
E4300 | Accessories 1 1 2
E4001 | Erection and commissioning 20 4 24
E4400 | 11kV line powerhouse intake 60 12 72
Contin'd......
§5-15-11 May-08 11-11
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Table E

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Electrical Equipment Cost

Price Leve! 1997

42.00 Rs./USS

Cost in 1000 USS$S

No. Structure and Pay lems
Local Foreign  Total
E5000 | ES - Low Voltage & DC Supply 111 440 551
E5110 | Delivery 0.4 kV Panels 0 352 352
E5120 |Delivery 0.4 kV Cables & Accessories 20 5 25
E5101 | Erection & commissioning 40 12 52
E5210 |Delivery 110V, 1100 Ah DC Supply 40 60 100
E5220 |Delivery 110V, 250 Ah DC Supply 6 10 16
E5201 | Erection & Commissioning 5 1 6
E6000 |E®6 - Control, alarm, protection, telecommunication & 164 1720 1884
watches
E6100 100 1400 1500
E6201 | Supply, Erection & Commissioning of control and alarm system 7 150 157
E6202 | Delivery to site of protection 20 20 40
Erection & Commissioning
E6310 0 60 60
E6320 | Delivery power line carvier 5 0 5
E6330 | Delivery public exchange 5 5 10
E6340 | Delivery radio 5 60 65
E6350 | Delivery fiber optic link to intake 2 5 7
E6301 | Delivery watches 20 20 40
Erection & Commissioning
E7000 194 184 378
E7 - Lightning & small power and emergency diesel
E7101 65 40 105
E7102 | Delivery Lighting & Smail Power 100 10 110
Erection & Commissioning
E7211 10 100 110
E7212 |Delivery to site 250 kW Diese! Set 15 8 23
E7231 | Erection & Commissioning 2 25 27
E7232 | Delivery to Site 40 kW Diese! Set 2 1 3
Erection & Commissioning
E8000 330 605 935
E8 - Various
E8100 10 60 70
E8200 |Fire Alarm System 10 50 60
E8300 | Fire Fighting Equipment 25 25 50
E8400 |Earthing System 20 80 100
E8500 |Main Cooling System - - -
E8600 - - -
E8700 40 40 80
E8800 | Cables &racks 25 200 225
E8900 | Spare parts 200 150 350
Other
1296 5774 7070
Subtotal for E electrical equipment
65 289 354
5 % contingency
1361 6063 7424
Total cost for electrical equipment
55-15.11 May-98 1112
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Transmission System
See Table F

With reference to chapter 10 of this study the investment cost for all works needed to
interconnect Daral Khwar HPP to the national grid have been estimated.

On the commissioning date of Dara! Khwar the lines to Matiltan will exist as Matiltan HPP will
have been commissioned as proposed in 2000. Only the cost of opening one circuit and
connecting of two line ends to Daral Khwar HPPP have to be considered.

The 132 kV switchgear for the outgoing feeders in Daral Khwar have been considered in Table
E. Electrical Equipment. Prices are based on WAPDA contacts brought to 1997 price level.

+ Interconnection with Matiltan HPP and Madyan Grid Station: 0.100 Mio. US$

» Total investment cost 0.100 Mio. US$

It is important to point out once more that the cost figures given above and in Table F represent
the investment needed to connect Daral Khwar HPP to the System. The Economic cost of
interconnection of Daral Khwar ascending to 1.60 Mio. US$ have been eiaborated and
explained in Chapter 10 of this study.

Engineering and Administration Costs

Engineering and Administration was taken to include the requirements of foreign and local
consultants to do further site investigations, the detailed design, the preparation of tender and
contract documents and supervision of the construction works. The cost of these activities was
taken as 6% of the engineering works, excluding the preliminary works. Engineering costs for
the preliminary works were assumed to be included in the costs of these works.

Engineering and Adminijstration costs as 6% of items B to F for local and foreign components
are:

Local component 0.727 Mio.US$

Foreign component 1.195 Mio.US$

Total 1.922 Mio.US$
Table F

Transmission System Cost

Sr. No. Structure and Pay 'tem Cost in 1000 US$
Local Foreign Total
F1000 F1 - Transmission line 95 85
Contingency 5% 5 5
Total cost for transmission system 100 100
May-96 1113
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Pakistan-German Technical Co-operation (SHYDO-GTZ)

Other Costs

Other costs which the private investor would have to meet include:

» Bank clearance charges and local insurance, this was taken as 1% of the engineering works and
Engineering and Administration, exciuding preliminary works.

This cost is taken as a local component and amounts to;
Local component 0.340 Mio.US$

« Customs duty of 2% on imported equipment, machinery and plant cost according to the "Policy
Framework and Package of Incentives for Private Sector Hydel Power Generation Projects”. May
1995,

Customs duty of 2% on: 50% of Civil Foreign Component plus 100% of Foreign component for
Hydraulic Steel Warks, Hydro-mechanical Equipment, Electricai Equipment, Transmission
System, and Engineering and Administraticn.

This cost is taken as a local component and amounts to:
Local component 0.320 Mio.US$
o Income tax of 4% on payments to the contractors according to the earlier cited policy.

Income tax of 4% on: 50% of Civil Foreign Component plus 100% of Local Component for Civil
Works, Hydraulic Steel Works, Hydro-mechanical Equipment, Electrical Equipment,
Transmission System, and Engineering and Administration.

This cost is taken as local component and amounts to:

Local component 0.718 Mio.US$

Summary of Project Cost
See Table S Project Cost Summary

The detailed cost estimates of civil works are given in Appendix 11, while the detailed costs for
other main works are given in the relevant chapters. A summary of the project costs is given in
Table S. The breakdown of foreign and local costs are also shown in this table.

The total construction cost, including engineering and administration, bank ciearance and
insurance charges, and duties and taxes but excluding price escalation and interest during
construction is about US$ 37.6 million at 1997 price levels. The resulting capacity cost is US$
1080 /kW which is not unfavourable.

A breakdown of the construction cost reflects the following as a percentage of the total costs
exciuding escalation and interest during construction.

Mio. US$ %
¢ Preliminary works 2.257 6.0
s Civil works 17.277 46.0
s Hydrauiic stee! works 3.839 10.2
¢ Hydro-mechanical equipment 3.389 9.0
+ Electncal equipment 7.424 19.8
¢ Transmission system 0.100 0.3
« Engineering and Administration 1.922 51
¢ Other costs 1.378 37

agg(gﬁ::z?é pLbr

May-98 11-14
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11.2 CASHFLOW SCHEDULE OF INVESTMENT
The cashflow schedule is based on the proposed construction schedules according to
Appendix 8A.
SR
. All costs without price escalation and interest during construction have been distributed
quarterly over the period of disbursement of individual works for the local and foreign
T compornents.
i Following table provides a compact version of the expenditures.
)
. Cash flow in thousand US$
Year | Quarter Local Foreign Total
l 1 0 0 D
2 D 0 0
0 3 550 0 550
E] . 4 317 867 0 0 317 867
é’ 1 401 747 1148
= 2 788 1634 2423
2 1 3 638 908 1546
ﬂgfé 4 1821 3647 1214 4504 3034 8151
g 1 1723 1782 3504
! ; 2 1598 1955 3552
= 2 3 1694 2116 3810
& 4 1839 6853 1813 7665 3652 14518
5 1 1816 3172 4988
E] e 2 1761 2732 4493
= 3 3 907 1850 2757
= 4 627 5110 1184 8939 1811 14048
> Total 16478 21108 37586
g 37% 63% 100%
As can be seen from the above table, the call on foreign and local capitat is highest in years 2
and 3 with the peak occurring in year 2. The local investment is about 44% of the totai of
investment while the foreign investment is about 56%.
The full schedule of expenditures without price escalation and interest during construction is
givenin Tables 1,2,3 and Figure 11.2.
113 OPERATION, MAINTENANCE AND REPLACEMENT COST
. 11.3.1 Cost of Operation and Maintenance

Due to the great variety of types and characteristics of HPP's, due to the big difference, in
geology and geography in HPP's of similar capacity and due to the big differences in
magnitude of civil works and dams it is quite difficult to establish cost functions to determinate
O&M costs of HPP's. Generally spoken the best result can be obtained from a similar plant, in
similar conditions.

The most similar plant in Pakistan, situated in NWFP as Daral Khwar HPP is Warsak HPP.
Warsak has an installed capacity of 240 MW at a yearly plant factor of around 50%.

For the estimation of O&M cost of Daral Khwar three methods can be applied

55-15-11 May-98 11-15
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ﬁ « Estimate by a percentage of investment cost.
It is generally accepted that HPP's have O&M cost usually between 0.8 % to 2 % of the
investment cost. in the case of Daral Khwar this will come to —_—

37 Mio. US$ x 0.08
37 Mio. US$ x 0.02

300,000 US$
740,000 US$

n

As Daral Khwar is a maintenance friendly project, without big reservoir and an expected low
wear of turbine runners an estimate of 450,000 US$/vear would appear appropriate.

+ Cost estimate by generic cost function where the O&M cost is presented as a
5 function of the installed capacity.

According to a study published by Harza in 1980 elaborated for the Govemment of Venezuela,
brought to 1997 price level the O&M cost for a 36 MW HPP would be:

Capacity O&M cost 10.96 USS$/kW
Energy O&M cost at 47 % plant factor 3.62 USS/kW
Total O&M cost 14.58 USS/kW

36,000 x 14.58 = 524 880 US$/year

-—:.—; s Cost estimate by comparison with a similar plant.

Warsak HPP had an O&M cost of 2,5 Mio. $ in 1993/94 - 1994/95 which comes to 10 $/kW
installed capacity. Warsak is a probiematic piant, basicaily due to erosion probiems caused by
the silted up reservoir. On the other hand Daral Khwar is of significantly smalier size so that a
cost of 13.5 US$/kW seems to be appropriate. O&M cost for Daral Khwar would work out to be

486,000 USS§/year.

By all methods the O&M costs come out to be very close around 500,000 US$ per year.
§00,000 USS$ per year

as Operation and Maintenance cost for Daral Khwar will be adapted for further studies.

Sources:

NPP Issue 1996

Power system statistics WAPDA 1992

Harza, Manual de costos de obsras de Aprovechamiento Hdraulico
Venezuela Julio 1980.

11.3.2 Replacement Cost

Various equipments have to be replaced during the life time of the project. The reievant costs
are assumed as follows:

. Replacement Cost
item Percentage Period in Mio. US$
Civil works 10 % after 30 years 17x0.1=1.7
Steel works 20 % after 20 years 3.8x0.2=0.8
Hydro-mechanical Equipment 10 % after 5 years 3.4x0.1=0.3
Electrical Equipment 20 % after 15 years 7.4x0.2=1.5

Distribution of Replacement Cost in Mio. US$
Element Year 5 10 15 20 25 30 35 40 45
Hydro-mechanical 03]03] 03 0.3 0.3 0.3 0.3 03} 03
Electrical - - 1.5 - - 1.5 - - 1.5
Steel - - -- 0.8 - - - 0.8 -
Civit - - - - - 1.7 - - -
Sum 0303} 1.8 1.1 0.3 35 0.3 13 | 1.8
55-15-11 May-96 11-16



f ‘ Feasibiity Study - Daral Khwar Hydropowsr Froject Paldstan-German Technical Co-operation (SHYDO-GTZ)
4 Table S
Daral Khwar Hydropower Project 35 MW, Project Cost Summary
i’ Price Level 1987 (42 Rs/USE) Price escalation and interest during construction are not inciuded
COST IN 1000 US$
[ . 'TEM STRUCTURE LOCAL | FOREIGN | TOTAL
A PRELIMINARY WORKS 2267.20 0.00 2257.20
Al ENVIRONMENTAL MITIGATION COST & LAND ACQUISITION €84.20 0.00 684.20
—_— A2 ACCESS ROADS TO THE MAIN WORKS SITES 1108.50 0.00 110880
i A3 COST OF TRANSPORTING HEAVY LOADS, DARGAI-BAHRAIN 17050 0.00 170.50
' Ad CAMPS AND HOUSING DURING CONSTRUCTION 297.00 0.00 297.00
B CIVIL WORKS 7045.63 10231.34 17276.87
- WEIR AND INTAKE 1156.22 200.00 2065.30
' B11 SITE INSTALLATION & RIVER DIVERSION 100.67 230.45 331.12
. B12 |WEIR 980.36 611.60 1501 96
B13 [LATERAL INTAKE 75.19 58.03 133.22
. CONDUIT SYSTEM 4147.16 8069.32 12216.48
f 821 CONNECTION TUNNEL AND GRAVEL SPILL 7095 146.67 217.62
b B31 SANDTRAP 917.45 380.04 1306.49
B32 HEADRACE CANAL 7208 64.51 13659
B4 HEADRACE TUNNEL 2296.74 5048.55 824520
l,ﬂ B42 |ACCESS TUNNEL 16352 391.80 s55.01
E N B43 |[WORKING PLATFORM OF THE ACCESS TUNNEL 9.14 58.65 €67.79
. BS1 SURGE TANK 33788 802.05 940.04
2 BS2 PENSTOCK TUNNEL 67.40 15855 22595
T BS3 VALVE CHAMBER AND PENSTOCK ANCHOR BLOCK 8461 70.76 16537
[f Ry 854 [WORKING PLATFORM PENSTOCK TUNNEL AND VALVE CHAMBER 7.01 37.20 4432
:g 861 PENSTOCK CIVIL WORKS AND ROAD CROSSING STRUCTURE 110.28 201.73, 31201
Q POWERHOUSE 1312.63 1261.94 257456
'g 87 SITE INSTALLATION, EXCAVATION AND PROTECTION WORKS 18717 70436 881.52
5 B72 CONCRETE WORKS 200.37 446,06 1346.43
'§ B73__ IFINISHING /INTERNAL WORKS 225.09 111.52 336.61
g B81 ADDITIONAL WORKS (Permanent Residential Buildings/Stores/Warkshops) 42953 0.00 429.53
v a c HYDRAULIC STEEL WORKS 3357.80 £81.43 3838.22
E‘—’—’ C10 |WEIR, INTAKE 13125 31.50 162.75
, O C20 |SANDTRAP 83.45 21.00 11445
n c21 VALVE CHAMBER 21.00 11550 136.580
b= C22 JPENSTOCK 2467.50 157.50 2625.00
k[ oo C30 |POWER HOUSE 42,00 84.00 126.00
ﬂg C40 |TRANSPORT 137.76] 2048 158.24
g C50 |ERECTION 464.84 51.45 516,29
o~ D HYDROMECHANICAL EQUIPMENT 252.00 3137.40 3389.40
ﬂ D100 |FRANCIS TURBINE, 2 UNITS, 6.25 m3/s EACH 000! 228270 2282.70
D200 |PELTON TURBINE, 1 UNITS, 2.5 m3/s 0.00 541.80 541.80
D300 [TRANSPORT 126.00 15.23 141.23
D400 {ERECTION 126.00 207.68 423.68
ﬂ E ELECTRICAL EQUIPMENT 1360.80 6062.70 7423.60
E1 GENERATCRS 136.50 2047.50 2184.00
E11 TWO GENERATORS 18 MVA EACH 120.75 1596.00 1716.75
E12 ONE GENERATOR 7.5 MVA 15.75 451.50 467.25
E2 TRANSFORMERS 68.25 318.15 386.40
[] E21 TWO BLOCK TRANSFORMERS, 26 MWA EACH 42.00 315.00 357.00
E22 AUXILIARY TRANSFORMERS 26.25 3.15 29.40
E3 132 kV SWITCHGEAR 68.25 346.50 41475
E4 11 KV SWITCHGEAR AND 11 kV LINE POWERHOUSE INTAKE 248.85 25410 50295
[ ES 0.4kv AC LOW VOLTAGE & 110 VDC SUPPLY 11655 462.00 57855
. E6 CONTROL, ALARM, PROTECTION, TELECOMMUNICATION & WATCHES 172220 1806.00 1978.20
E7 LIGHTING & SMALL POWER AND EMERGENCY DIESEL 203.70 193.20 306.90
E8 VARIOUS 346.50 535.25 981.75
E . F TRANSMISSION SYSTEM (Transmission Line) 100.00 0.00 100.00
G ENGINEERING AND ADMINISTRATION (6% of B to F) 726.97 1194.77 1921.74
H OTHER COST 1377.70 0.00 1377.70
H1 BANK CLEARANCE AND LOCALINSURANCE@ 1% OF BTO G 339.51 0.00 33951
H2 CUSTOMS DUTY @ 2% OF EQUIPMENT, MACHINERY AND 31984 0.00 31084
PLANTCOSTOFBTOG
l H3 INCOME TAX @ 4% ON PAYMENTS TO THE 71835 0.00 718.3%
’ CONTRACTORS CFBTO G
P TOTAL PROJECT COST 16477.99 21107.64 376856.63

-

55-15-11 May-98 11-17
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Table 1: Daral Khwar HPP Cash Flow Schedule (Local and Foreign Components)
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tern Structure Cost in 1000 US$ Year O Year 1 Year 2 Year3
Local |Foreign | Total 1 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4| Q1 Q2 Q03 Q4| Q1 Q2 Q3 Q4
A |Preliminary Works 2287 [} 2267 0| 660| 317| 312 428| 132 76| 17| 68| 113| 113| 17| 41] 41] 41
A1 |Environmental Mitigation Cost & Land Acquisition 684 0 684 274 41 4] 4] 4 41 41| 44 a1 4 44
A2 |Access Roads To the Main Works Sites 1106 0 1106 276 276] 221 221 55| 55
A3 |Cost of Transporting Heavy Loads, Dargai-Bahrain 171 0 17 171 17| 170 34 171 17) 17 17| 17
A4 |Camps and Housing During Construction 297 0] 297 74] 1491 74
B [Civil Works Toss| 10231 17277 of o 79| 910] 995| 1088 2622| 2291| 2265| 1874| 2178| 2199) 661| 112
Weir and Intake 1156 900 20656 0 0 0 Ol 26| 175| 375| 455| 388| 318] 10| 801 80 0 0
B11 [Site Installation & River Diversion 1M 220 33 26f 96| 70| 70| 70
B12 [Weir 980 612 1592 80| 239 318| 318] 318 198 80 80
B13 |Lateral intake 75 58 133 671 67
Conduit System 4147 8069} 12216 0 0 0 O 15| 602| 490 1945] 1680| 1725] 1442| 1900] 1769] 549 0
B21 |Connection Tunnel and Grave! Spill 7 147 218 218
B31 |Sandirap 17 389 1306 392| 523] 392
B32 |Headrace Canal 72 65 137 137
B41 [Headrace Tunnel 2297 5649 8245 412] 1649} 1640| 1649| 825| 825| 825 412
B42 |Access Tunnel 164 391 555 555
B43 [Working Platform of the Access Tunnel 2 59 68 68
BS51 [Surge Tank 333 602 940 470] 470
B52 |Penstock Tunnel 67 158 226 226
BS3 |Valve Chamber and Penstock Anchor Block 95 71 165 83| 83
BS54 (Working Platform Penstock Tunnel and Valve Chamber 7 37 44 44
B61 |Penstock Civil Works and Road Crossing Structure 110 202 312 471 471 78| 78] AN 3
Powerhouse 1313 1262 2575 Y 0 0| 261 716| 168] 168 168| 168] 168 218| 198| 351} 112} 112
B71 |Site Installation, Excavation and Protection Works 187 704 892 26| 716 S0 | 70
B72 |Concrete Works aon 446 1346 168| 168| 168 168 168} 168 168| 168
B73_[Finishing / Internal Works 225 112 337 12] 112] 112
B81 |Permanent Residential Buildings / Stores / Workshops 430 0 430/ 54 54| 54 541 54 54| 54| 54
C |Hydrauiic Steel Works 3358 481 3839 0 0 0 0 0 0| 1050| 529{ 495| 495| 662 176| 176 165 91
C10 |[Weir, Intake 131 32 163 41 a1 M 41
C20 |Sandtrap a3 21 114 571 s7
C21 |Valve Chamber 211 1186 137 68| 68
C22 |Penstock 2468 158 2625 1060| 394] 394] 384 3B4
CX0 |Power House 42 84 126 126
C40 |[Transport 138f 20 158 32| 24 24| 24 16| 16| 16 8
C80 {Erection 485 51 516: 103 771 77 77 52| 52| 921 26
Cont'd.....
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g Table 1: Daral Khwar HPP Cash Flow Schedule {Local and Foreign Components)
= " Struct Cost in 1000 US$ YearQ Year 1 Year 2 Year 3
em ructure local [Foreign] Total | Q1 Q2 Q3 Q4| Q1 02 Q3 Q4|Q1 Q2 Q3 Q4|Ql Q2 Q3 Q4
D |Hydro-mechanical Equipment 252 3137 3389 0 0 0 0| 685 391] 282 &4 0| 282 282| 353| 98] 141 0 0
D100 |Francis Turbine, 2 Units, 6.25 m'/s each 0 2283 2283 685| 228/ 228 228| 228| 228| 457
D200 {Peiton Turbine, 1 Unit, 25 m*/s 0 542 542 163] 54 54 54 54 54| 108
D300 |Transport 126 15 141 rAl A
D400 |Erection 126] 298 424 282 14
E |Electrical Equipment 1361 6063 7424 515 484 93{ 279| 290| 1216| 1496| 1643| 1408
Generators 137 2048 2184 0 0 0 o o] 515 0| 484 of 93 172} 218| 47} 218| 437 0
E11 }Two Generators 18 MVA each 121 1596 1717 515 343 172 172 172 343
E12 [One Generator 7.5 MVA 16 452 467 140, 93 470 471 47| 93
Transformers 68 318 386 0 0 0 0 0 0 0 0 0 o 107] N 9| 77 6| 116
E21 |Two Block Transformers, 26 MVA each 42 315 57 107, M 7 107
E22 |Auxiliary Transformers 26 3 29 9 6 6 9
E3 [132 kV Switchgear 68 347 415 124 B3] 83| 124
2z E4 |11 kV Swilchgear and 11 kV Line Powerhouse Intake 249 254 503 151] 101} 101 159
o
'§ ES |0.4kV AC Low Voltage & 110V DC Supply 17 462 579 145] 145 145 145
E6 |Control, Alarm, Protection, Telecommunication & Watches 172 1806 1978 405| 495 495| 495
E7 |Lighting & Small Power and Emergency Diesel 204 193 /7 132 132] 132
E8 |{Various 347 635 282 245 245 245| 245
Transmission System {Line) 100 0 100 0 0 0 0 0 0 0 0 0 0] 251 251 25| 28 0 0
G |Engineering and Adminlistration (6% of B to F) 727 1186 1922 0 0 0 o] 46| 109] 77| 161] 189| 190| 201] 192| 271| 242] 148 97
Other Cost 1378 1378 0 26| 70| 55| 123] 148| 143} 149| 144] 188] 172 98| 62
H1 |Bank Clearance and Local Insurance @ 1% of B To G 340 0 340 0 (v 8] 0 8| 19| 14 28 33| 34 35| 34 48; 43 26 {7
H2 |Customs Duty @ 2% of Equipment, Machinery and 320 0 30 0 0 0 ol 15| 26| 12| 19 19 25 28] 26| 51| 42| 33 23
Plant Cost of B To G
H3 |income Tax @ 4% On Payments To the Contractors of B 78 0 718 0 0 0 0 3] 25| 20| 76| o5 85 8&6] 84 88] 86 39 2
ToG
Total Project Cost 18478] 21108| 37686 0 o| 80| 317] 1148] 2423] 1548| 3034| 3604| 3852 3810} 3662| 4988| 4493} 2757 1811

1

Price Level 1997 (42 Rs/USS),
Price escalafion and interest during construction are not included
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g Table 2: Daral Khwar HPP Cash Flow Schedule (Local Components)
= tem Struct Cost in 1000 US$ Year 0 Year 1 Year 2 Year 3
& fucture Local [Foreign | Tolal | Q1 Q2 Q3 Q4|/Qf Q2 Q3 Q4|/Ql Q2 Q3 Q4] Qi Q2 a3 Q4
A |Preliminary Works 2267 2257 0 0| 550| 317 312| 428 132 75 17 58] 113] 113 17 41 41 41
Al |Environmentai Mitigation Cost & Land Acquisition 684 684 274 4 M a1 41 1] 4 41 41 41 a1
A2 |Access Roads To the Main Works Sites 1106 1106 278{ 276] 221 221 55| 55
A3 |Cost of Transporting Heavy Loads, Dargai-Bahrain 17 17 17} 17| 17 34} 17 1171 7] 170 17
A4 |Camps and Housing During Construction 297 297 74 149] 74
B |Civil Works 7046 7046 0 0 0 0 60| 237| 424| 615 979| 854| 840| 847 981| 973| 262 75
Weir and intake 1156 1156 o] 0 0 0 0 8 78] 206] 255 217 196 98| 49| 49 0 6]
B11 |Site Instailation & River Diversion 101 101 8f 29 21 21 21
B12 |weir 980 980 49| 147| 196] 196] 196 o8] 49| 49
B13 ]Lateral Infake s 75| 38| 38
Conduit System 4147 4147 0 0 0 8] 0| 26| 180| 142| S58] 470 4771 572| 813| 721| 187 0
B21 |Connection Tunnei and Grave! Spill 71 71 kA
B31 {Sandtrap o7 o217 275 367 275
B32 |Headrace Canal 72 72 72
E B41 |Headrace Tunnel 2297 2297 115 459| 489| 459 230] 230] 230 115
‘é B42 |Access Tunnel 164 164 164
B43 |Working Platform of the Access Tunnel 9 9 9
B51 [Surge Tank 338 338 169 169
B52 |Penstock Tunnel 67 67 67
BS3 |Valve Chamber and Penstock Anchor Block 95 95 47| 47
B54 |Working Platform Penstock Tunnel and Valve Chamber 7 7 7
B61 |Penstock Civil Works and Road Crossing Structure 110 110 17] 17] 28] 28] 11 11
Powerhouse ’ 1313 1313 Q0 Q Q a 5] 190 1137 1131 113] 13} 113} 123} 119 202 ™ B
B71 |Site Installation, Excavation and Protection Works 187 187 5] 1680 1 6 15
B72 |Concrete Works 200 00 1131 113] 113 13| 13| 113 113] 113
B73 |Finishing / Internai Works 225 225 I G
B81 |Permanent Residential Buiidings / Stores / Workshops 40 430 54 54 5S4 54 S4 54 54 54
C |Hydraullc Steei Works 3368 3358) 0 0 0 0 0 0 0| 987| 491; 461| 481| 535/ 104| 104 140 7
C10 {Weir, intake 131 131 X B I W
C20 |Sandtrap aQa a3 47| 47
C21 |Valve Chamber 21 21 11 1
C22 |Penstock 2468 2468 987 370 370 370 370
C30 |Power House 42 42 42
C40 |Transport 138 138 28 2 211 21| 14 14 14 7
C50 |Erection 485 465/ 93| 70f 70| 70| 46 46| 48] 23

Cont'd.....
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Table 2: Daral Khwar HPP Cash Flow Schedule (Local Components)

lem Structure Cost in 1000 US$ Year O Year 1 Year 2 Year 3
Local |Foreign | Total | Q1 Q2 Q3 Q4] Q1 Q2 Q3 Q4[({ Q1 Q2 Q3 Q@4lqQt Q2 Q3 Q4
D |Hydro-mechanical Equipment 252 252 0 0 0 0 0 0 0 63 147| 42 0 (]
D100 |Francis Turbine, 2 Units, 6.25 m*/s each o] 0 o] o] 0 0 o] o] 0
D200 |Petton Turbine, 1 Un#t, 25 ms 0 0 of o o o o o o
D300 |Transport 126 126 83 63
D400 |Erection 126 126 84 42
E |Electrical Equipment 1361 1361 36 29 25| 22{ 263| 317| 323 342
Generators 137 137 0 0 0 o] 0o 36 0 22 0 3 12 14 2 14 27 o]
E11 |[Two Generators 18 MVA each 121 121 36 24 121 12 12 24
£12 |One Generator 7.5 MVA 16 16| S 3| 2 2 2 3
Transformers 68 68 0 O 0 o] 0 ¢ ¢ 0 0 0 13 8 9 14 5 20
E£21 |Two Block Transformers, 26 MVA each 42 42 13 8 8 13
E22 |Auxiliary Transformers 26 29 9 6 6 9
E3 |132 kV Switchgear 68 68 20 t4 14 20
E4 |11 kV Switchgear and 11 kV Line Powerhouse Intake 240 249 75| S0 S0 75
£S5 |0.4kV AC Low Voltage & 110V DC Supply 117 117 2 29 29 29
E6 |Control, Alarm, Protection, Telecommunication & Watches 172 172 Q3 [ 3 D
E7 |lLighting & Small Power and Emergency Diesel 204 204 68f 68f 68
E8 |Various 347 347 87! 87 87| 87
Transmission System (Line) 100 100 0 0 0 0 0 0 0 0 0 o] 25| 25| 25 25 0 0
G |Engineering and Adminisiration (6% of B to F}) 727 727 0 0 0 0 4 16| 25| 92| 88| 79| 81 90f 91| 88 43} 30
H {Other Cost 1378 1378 0 28| 70| 55{ 123| 148{ 143] 149| 144 188| 172| 98| 62
H1 [Bank Clearance and Local Insurance @ 1% of B To G 340 340 o 0 0l 0 Bl 19| 14] 28 33] 34| 35| 34| 48| 49| 26| 17
H2 [Customs Duty @ 2% of Equipment, Machinery and 320 320 o] 0 0; of 18| 26| 12| 19 19 25| 28] 26| 51| 421 33| 23
Plant Costof B To G
H3 |income Tax @ 4% On Payments To the Contractors of B 718 718 0 0 0 o] 3] 251 29| 75 S5t 85| B6| 84 88 B6 3B 22
To G
Total Project Cost 16478 16478 ] o| sso| 317| 401] 788| e39| 1821} 1723 1558 1694| 1839] 1318] 1781] 907} 627

Price Level 1997 (42 Rs/USS),
Price escalation and interest during construction are not included
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Table 3: Daral Khwar HPP Cash Flow Schedule {Foreign Components)
. Struct Costin 1000 US$ Year O Year 1 Year 2 Year 3
em ructure Local [Foreign] Total | @1__Q2 Q3 Q4| Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4
A |Preliminary Works 0 0 ] 0 0 0 0 0 0 0 0 0
Al |Environmental Mitigation Cost & Land Acquisition 0 0 0 0 0 0 0 0 0 0 ly) 0 0
A2 |Access Roads To the Main Works Sites 0 0 0 0 0 0 0 0
A3 |Cost of Transporting Heavy Loads, Dargai-Bahrain 0 0 0| 0 0| 0 0; 0 0 0 0
A4 |Camps and Housing During Construction 0 0 0 0 0
B [CIvil Works 10231 1023¢ 0] 20| 672] 575| 573| 1643 1437] 1425| 1027| 1187] 1227| 399 37
Weir and Intake 800 900 0 0 0 O 18| 97| 170] 200 171 122 61f 3 N 0 0
B11 |Site installation & River Diversion 230 2304 18| 66| 49| 49{ 49
B12 |Weir 612 612 31 92) 122] 122 122] &1} 31| AN
B13 |lateral intake 58 58 2 29
Conduit System 8069 8069 0 0 0 0| 89| 422| 348] 1387{ 1210{ 1247| 870} 1087] 1048| 362 0
B21 [Connection Tunnel and Gravel Spill 147 147 147
B3t [Sandtrap 389 389 117] 156 117
B32 |Headrace Canal 65 65 65
B41 [Headrace Tunnel 5049 5949 297] 1190; 1190| 1190 595| 595| 595| 595 297
B42 |Access Tunnel .2} .2} K2}
B43 [Working Platform of the Access Tunnel 59 59 50
BS1 |Surge Tank 602 602 01 A
B52 [Penstock Tunnel 159 159 159
BS3 |Valve Chamber and Penstock Anchor Block n Ia 3HB|] B
B54 |Working Platform Penstock Tunnel and Valve Chamber 37 37 J7
B61 |Penstock Civil Works and Road Crossing Structure 202 202 30| 30| S0 501 20 20
Powerhouse 1262 1262 0 0 0] 20| 566 96| S6( 55| S6| S6| 95| 79| 148 37| 3I7
B71 |Site Installation, Excavation and Protection Works 704 704 20| 566 40 24 S5
B72 |Concrete Works 446 446 56 56| 56| 56| 56| o6 56 56
B73 |Finishing / Internal Works 112 112 371 3 37
B21 [Permanent Residential Buildings / Stores / Workshops 0 0 0 0 0 0 0 O 0 0
C |Hydraullc Steel Works 481 481 0 0 0 0 0 of 63 38 34 34| 126 73] 73| 28] 14
C10 [Weir, Intake 32 32 8 8 8 8
C20 |Sandtrap 21 21 11 1
C21 |Valve Chamber 116 116 58| 58
C22 (Penstock 158 158 63| 24| 24 24 24
C30 |Power House 84 84 84
C40 |Transport 20 20 4 3 3 3 2 2 2 1
C50 |Erection 51 51 10 8 8 8 5 5 5 3
Cont'd.....
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Table 3: Daral Khwar HPP Cash Flow Schedule (Foreign Components)

| Struct Cost in 1000 US$ Year O Year 1 Year 2 Year 3
tem ruciure Local JForeign| Total Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4,Ql Q2 Q3 _Q4,Ql Q2 Q3_ Q4
D |Hydro-mechanical Equipment 3137 3137 0 0 0 0| 685 391] 282| 54 0| 282 282| 290| 771| 99 0 0
D100 |Francis Turbine, 2 Units, 8.25 m’s each 2283 2283 €85; 228| 228 228| 228] 228) 457
D200 |Pelton Turbine, 1 Unt, 25 m’/s 542 542 163} 54| 54 54 54 54 108
D300 |Transport 15 15 8 8
DACO |Erection 298 298 198 99
E |Electrical Equipment 6063 6063 479 455 90| 254| 268] 952| 1179] 1320| 1066
Generators 2048 2048 0 0 0 o o] 47e of 455 of 90| 160] 205 45| 205 410 0
Et11 |Two Generators 18 MVA each 1596 1596 479 319 160f 160 160 319
E12 [One Generator 7.5 MVA 452 452 135 90| 45 45| 4] 9
Transformers 318 318 o] 0 0 o 0 0 o o 0 o 95 &3 11 64 11 95
E21 |Two Block Transformers, 26 MVA each 315 315 85| &3 63 85
£22 |Auxiliary Transformers 3 3 1 1 1 1
E3 |132 kV Switchgear 347 347 104 69| 69] 104
E4 |11 kV Switchgear and 11 kV Line Powerhouse Intake 254 254 76| 51} 51| 76
ES ]0.4kV AC Low Voltage & 110 V DC Supply 462 462 116{ 116| 116/ 116
E6 [Controi, Alamm, Protection, Telecommunication & Watches 1806 1806 452 452) 452 452
E7 |Lighting & Smalt Power and Emergency Diesel 193 193 64 64 64
E8 |Various 635 635 18| 1597 1589| 10
F |Transmission System (Line} 0 0 0 0 0 0 U 0 0 o 0 0 0 0 0 0 0 0
G |Engineering and Administration {6% of B 1o F) 1195 1196 0 0 0 of 42| 93] &1 69 101 111] 120{ 103| 180 155 105| 67
H |Other Cost o 0 0 0 0 0 0 0 0 0 ] 0 0 o 0 0 0 0
H1 |Bank Clearance and Local Insurance @ 1% of B To G
H2 |Customs Duty @ 2% of Equipment, Machinery and
Plant Costof B To G
H3 |Income Tax @ 4% On Payments To the Contractors of B
To G
Total Project Cost 21108) 21108 - o o] o o 747] 1634 s08; 1214] 1782] 1968| 2116{ 1813{ 3172] 2732| 1880{ 1185

Price Level 1997 (42 Rs/USS),

Price escaiation and interest during constrnuction are not included
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Feasibility Study — Daral Khwar Hydropower Project
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Daral Khwar HPP Cash Flow

Pakistan-German Technical Co-operation (SHYDO-GTZ)

Figure 11.2
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Feasibility Study — Daral Khwar Hydropower Project
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61512

Pakistan-German Technical Co-operation (SHYDO-GTZ)

BACK GROUND

The Regional Power Development Study - Swat Valley (Volumes | to ill, Chapters 1 to 6) presents
the long tem power system expansion plan for the planning region Swat Valley. The power
system expansion plan mentioned above is aimed at satisfying rural electricity demand by means
of small High Head hydro-electriic power generating stations.

The methodoiogy in the above mentioned chapter 6 was to determine the feast cost hydel solution
towards meeting rural demand in Swat Valley Planning Region. The fact that the planning region
under consideration was partially electrified and interconnected to the WAPDA national gnd
system suggested a revision of strategy. Grid interconnection provided possibilities of building
hydropower plants for higher outputs than required for rural demand in isolated systems (available
365 days/year). The focus therefore shifted from one of identifying least cost hydel solution to
meet rural demand to development of hydropower potential to cater to the requirements of the
WAPDA gnd system (inclusive of rural and regional demand of planning area under discussion).
The high head hydel power generation potential in the Districts Swat (portion draining into river
Swat north of Madyan). This also included sites identified for purposes of meeting rural demand
but now upgraded (from 365 days availability to about 90 days availability). 1t is these upgraded
sites that are the focus of attention in this feasibility study.

The upgraded hydropower generating potential identified was meant to supply the requirements of
the national grid and meeting rural and regionai demand. These hydropower generating schemes
are meant to form candidate addiiions to the WAPDA Generating Expansion Plan. The
hydropower generating potentials which appear to be economic are presented as follows:

Instailed * Energy * Total *
Ranking Scheme Capacity Qutput Investment tr%

kW Gwh/a M. Rs.

1. 12/2 : Arin Bahrain 25000 128.13 466.36 19.08

2. 10 : Kedam 6900 39.80 198.76 14 97

3. 71 : Matiltan 9150 51.92 306.69 11.47

4. 7/2 : Matiltan 35000 178.80 869.22 14.22

5. 11 : Gamai 9000 46.13 263.58 13.63

6. 9 : Mankial 10500 56.06 345.55 11.13

7. 4 :Utror 6700 35.77 242.09 10.08

* Preliminary cost astimate and sizing.

The regional power development study recommended the preparation of feasibility studies for the
hydropower potential identified in the planning region. The projects were ranked as above. This
study is a step towards realization of the recommendations of the Regional Power Deveiopment
Plan Study. This present feasibility study represents the initia} part of the recommended power
expansion plan for the Regions Swat Valiey.

OPTIMIZATION OF UPGRADING OF DARAL KHWAR

The optimization of proposed Daral Khwar was evaluated based upon the criteria that the size of
the hydro power plant would be one when incremental benefits equal incremental costs. The
output of the piant was vaiued at the Long Run Marginal Cost (LRMC). Estimates are derived from
the Asian Development Bank sponsored "Integrated Operations and Tanff study for WAPDA and
KESC" June 1991 by Coopers & Lybrand Deloitte. Optimization process is described in Chapter 7
of this study. The optimized size of plant to be buitt to be as follows: Installed Capacity - 35 MW,
Annual Energy - 148 GWN/a; Plant Factor - 48%.

N —
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COST ESTIMATES

The financial cost estimate (1997 price level) of the various project components is presented in
Chapter 11. Economic cost estimate for project components summarized as below:

Economic' Cost Estimate: Daral Khwar Hydel Plants

1997 Price Level 000 USH
Foreign Local Total
Year 0 0 867 887
Year 1 4612 3534 8146
Year 2 7642 6877 14519
Year 3 8854 16478 37536
Total 21108 16478 37586

Verticai & Honzontal lotals may not agree due lo rounding. Doas not include interest dunng
construction, financing costs and price escalation.

O&M cost for the project has been estimated at 0.5 M.US$/a replacement costs are discussed in
detail in Chapter 11.

PARAMETERS

Shadow Prices

The standard conversion factor (SCF) is used to detemmine the shadow prices for non-tradable
items for which enough data or information is not available. Based on 1993-94 data the SCF is
about 0.86. Tradeables are valued at border prices.

Shadow prices for the project are summarized as below:-

imported items  : 1.0 x Border price Wage Rate
Cement :  0.66 x Local price * Unskilled tabor : 0.61 x market wages
Stee! : 0.81 x Local price * Skilied labor : 1.06 x market wages

Other items are shadow priced at a SCF of 0.86

Discount Rate

The shadow discount rate is one which closely approximates the govemments objectives. This
discount rate should not be one prevalent in the local market but should be one which the
govemment would like to be prevalent. The selection of a discount rate for economic optimization
exercise is an important decision and much more extensive analysis needs to be undertaken
before seftling upon a discount rate. The economic discount rate to be used for long rage
optimization exercise should not be more than 6% -8% and should in any case not be above 10%.
Detailed discussion is presented in Annexure 12 of this study.

METHODOLOGY

The project economic feasibility is assessed in two parts: The first determines that the proposed
project would form a part of the least cost system expansion solution; The second determines that
the project would be feasible in comparison to avoided investments in other sectors of the
economy;

55-15-12

1 The economic costs are defived as follows: CIF border prices for foreign Inputs plus a margin for inland trensportation are taken
as economic prices; Foreign costs are taken to be economic prices; Local costs are shadow priced using 0.86 SCF.
Environmental costs are taken at financial estimates.

May-98 12-3
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Economic Feasibility - LRMC and Thermal Equivalence Basis

Systems Aspects

Conventional project appraisal methodology uses avoided cost concepts or treats the entire output
of a generation project operating at the maximum feasible load factor as an addition to supplies
valued at the goveming tariffs.

The above approach does not fully simulate the entire effect the proposed addition will have on
the power system. A new generating station may contribute energy at its maximum possible.
However, it may shift existing base load stations to intermediate or peaking duty. The utilization of
these stations will fall and the net increase of output will be less than the gross generation from
the project. The net increase of supply is to be valued at the goveming tariff whereas the rest of
the output should be valued in terms of savings in operating costs in the existing stations.

Hydel power generation is generally evaluated in tenms of primary energy valued at the goveming
tariff whereas secondary enemgy is valued in terms of fuel cost savings. This approach ignores the
fact that power projects are part of an interinked system and the impact of the project on other
components in the system needs to be taken into account.

Economic Valuation Methodology for Northern Pakistan

The medium and small output upgraded high head hydel generating schemes, located in northem
Pakistan, are meant for interconnection to the national grid but wouid also serve the locai rural
demand. The methodology can be described as foliows:

Each hydei generating site is evaluated on the base of equivalent thermal which it would replace.
High head hydel generating sites with reservoir can be considered as foliows: A firm full output for
peaking purposes available throughout the year, for say 4 hours a day. This output would result
in avoided peaking capacity and operating cost; A variabie output with output levels varying from 4
hours a day at full output to 24 hours a day full output. This output will not result in avoided base
or intermediate load capacity cost and will in fact result in only avoided operating costs for
secondary energy supplied. This component of energy will aiso impose a cost on the system due
to the reduced utilization of thermal base load station.

The above can be modelled by means of with and without conditions. These are described as
follows: Wrthout conditions - The without conditions can be simulated by two generating
stations. Addition of an equivalent output (comected for forced outage rates) gas turbine and an
equivalent output base [oad coal or oil fired generating station; With conditions - The gas turbine
is replaced by the firm portion of the hydel addition output. Whereas the base load themal
generating station is operated at a reduced output ievel. The themmal station is operated to ensure
firm energy equivalent to that achieved by the without option. The output from such an analysis is
compared by comparison of the net present value of both options described above 1o serve the
same demand and energy.

Economic Analysis Feasibility - Benefits at LRMC

Marginal cost of power supply is defined as the change in total cost of service resulting from smail
change in demand. This cost may change according {o the place and time of use. Long run
marginal costs signify economic efficiency. Long run marginal cost (LRMC) can be defined as the
cost of serving additional or incremental demand in the long run, when investments can be made
to minimize total costs. The main components of the LRMC structure are: Marginal Energy Costs
(peak & off peak); Marginal Capacity Cost of Generation; Marginal Transmission and Distribution
Capacity Costs. The LRMC provides the best set of indicators to evaluate system changes at the
margin.

The benefits of serving local rural demand can be captured as foliows: Use of LRMC at the
appropriate level (say 66 kV at applicable load factor) to capture the benefits of serving rural
loads. The hydel generating stations under analysis are located in mountainous northem areas of
Pakistan, in some of these areas the grid system is already existing and is serving both urban and
rural loads. The impact of adding hydel generation upon transmission annual costs should also be

May-96 124
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inctuded as a cost or a benefit, as the case may be. The LRMC cost estimates for capacity and
energy at different voltage levels can be used as a proxy for capturing the geographic location
impact of adding generation to the power system.

QUANTIFICATION OF BENEFITS

Long Run Marginal Cost {(LRMC)

The benefits attnbutable to the project are proposed to be valued by the Long Run Marginal Cost
(LRMC) of capacity, peak and off peak energy at different voltage levels. LRMC estimates have
been derived and presented in the "integrated Operations and Tanff Study for WAPDA and
KESC" Lybrand, Cooper, 1994),

Consumer Surplus

Measurable benefits are valued in terms of the incremental demand that can be served under the
proposed investment compared to the lower [evel of demand that can be served if no new supply
capacity were added to the power system.

Costs are also defined as the difference between power supply costs for meeting the demand
forecast with the proposed investment and system costs without any investments in the new
supply capacity and related services.

Residential Customers - Total benefits of new residentiai users is divided into: Substitution of
existing methods of lighting i.e. kerosine by electricity; Consumer's surpius derived from the
additional quantity of electricity above the substituted level caused by the large drop in the pnce of
energy that results from a switch from kerosine to electricity for lighting purposes. Gross benefits
for residential customers work out to be Rs. 4.85/kWh.

Industrial and Agricultural Customers - For industriai, agricultural and other customers the
basis for vaiuation of the benefits is their avoided costs. That is the cost that these users would
pay if they had to meet their electricity needs by instailing and operating diesel based generators
or tubewells instead of taking electricity from the nationai grid. The gross benefits for small and
medium/arge customers is Rs. 5.68/kWh and Rs. 4.79/kWh respectively. For agricultural
customers it is Rs. 4.64/KWh.

Other Customers - For the other customers including commercial, bulk, public lighting and
traction and public lighting the avoided cost is the average between small industry residential and
agricultural. This has been calculated to be Rs. 4. 72/kWh.

Quantification of Costs

Costs are defined as the difference between power supply costs for meeting the demand slice
under discussion with the proposed investment and system costs without any investments in new
supply capacity and related services.

The totai cost of the proposed Daral Khwar HPP has been estimated to be M.Rs. 1579.0. This
includes the direct transmission costs. Administrative overheads at 25% of the total cost of the
plant are to be added to the above cost estimate. Indirect transmission costs (these include
change of conductor on transmission lines in some segments, increase in transformer capacity in
existing and new gnid stations to serve additional demand etc.) is estimated to be Rs. 3025.00/kW
(based upon marginal capacity cost of 132 kV as estimated in "Integrated Operations and Tanff
Study for WAPDA and KESC - Coopery & Lybrand Deloitte, Aprii 1991). The capital investment in
primary and secondary distribution is estimated to0 be Rs. 9166.00/kW (from above document).
The O&M estimates are 2.5% for transmission indirect investment and 10% for primary and
secondary distribution (inclusive of commercial and billing charges).

This incremental cost analysis does not attempt to quantity the higher system losses in the

secondary transmission and primary and secondary distribution circuits if proposed investment
have not to be made.

May-98 12-5
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PROJECT ECONOMIC FEASIBILITY

Least Economy Cost Planning

The least cost solution is determined by means of. the WASP runs, and benefits valued of LRMC.

WASP Runs

The system generation expansion planning is optimized by use of the WASP Il model. The
WASP Il runs are annually updated. The WASP Il runs are also arranged by WAPDA (and GOP)
before taking expansion investment decesions. The last few WASP runs are discussed as
follows:-

National Power Plan (NPP) - November 1993

The CIDA funded and assisted NPP project aimed at enhancement of WAPDA's power
system planning capabilities. The program also included the development of the least cost
system generation expansion plan for the country. This was finalized in 1994:

The results of the modelling are summarized as follows:-

The additions were:

* Combined cycle plants 18%
* Oilfired steam plants 47%
o Combustion turbine plants 15%
* Hydro electric projects 19%

The capacity mix of the system would change as follows:

Weight (in %)
FY1995 FY2010 FY2018

Hydro electnc 41 30 25
Themnal

- Oil-fired 16 23 43
- Coal-fired 1 <1 <1
- Gas-fired 42 26 32
- Nuclear 0 1 < 1

Source: NPP-18, Draft Report, Nov. 1993

The NPP plan was made available for comments. The short comings of the WAPDA-NPP
least cost solution were: The NPP base case was a overtly thermal friendly expansion plan.
The "Bias” included: & high discount rate of 12% (various other studies indicated economic
discount rate to be between 4.7% - 8%); fuel costs below economic levels; improper shadow
pricing; and improper application of environmental consideration; The NPP base case did not
consider considerable high head hydel potential identified in Azad Jummu and Kashmir
(AJ&K) and northern mountainous NWFP; The plan was thermal driven.

SHYDO/HEPO (WAPDA) GTZ Updating (April 1994)

The NPP plan was thermal dominated. The plan did not consider significant high hydel
potential identified in NWFP and AJ&K (over 8000 MW). It would seem that significant
amount of hydel capacity could economically replace the thermal identified by the plan. Such
an effort to indicate possibility of inducting economic hydel was camied out under the HEPO-
WAPDA/SHYDO/GTZ joint effort.

The SHYDO/HEPO (WAPDA)/GTZ team took up the development of an alternative base

case. This updating was made on parameiers utilized in the NPP base case with the
exception that high head hydels were also included as candidate plants.

May-98 12-6
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The new least cost solution differs from the NPP version as follows:-

TOTAL ADDITIONS (MW)
HEPO(WAPDAYGTZ
WAPDA SHYDO
NPP VARIANT
- Gas Turbines 6800 2500
Steam/Combined Cycle 29282 31302
Hydel 8645 13343

The revised plan results in much fewer gas turbines as the hydels take up most of the
peaking loads, base load themal are increased to make up for seasonality of hydels. Both
plans end up with aimost the same NPV.

« WAPDA Update (May 1995)

The NPP in the annual update took note of the above results and an option included the high
head potential. The result of this scenario was that most of the high head hydel power planis
were a part of the least cost expansion plan.

» WAPDA update (May 1996)

The latest update of the NPP and the least cost system generation expansion pian
considered almost all of the identified high head hydel potential candidate plants.

The optimized least cost system expansion plan is summarized as follows:-

Sequence of Generation Additions - Base Case

Thermal Projects Hydroelectric Projects Cumuiative
Combustion | Combined | Steam | Thermal Hydel Capacity |LOLP
Fiscal year | Turbine 200| Cycle | COAL |Capacity Capacity| Additions [%
MW 630 MW [600OMW| MW  [Name of Project MW | MW (MW)
1995/06 0 22
2002/03 Duber Khwar 170 204 294 0.7
Allai-iv 124
2003/04 0 |Khan Khwar 73 448 740 1.0
Matittan 84
Chakothi 139
Kotli o7
Harighe! 53
2004/05 1 200 {Swat- A1 105 105 1045 1.0
2005/06 3 1 1230 |Swat - Bt 429 429 2704 09
2006/07 Kalabagh 1-4 1200| 1917 4521 06
Sehra 65
Suki Kinari 852
2007/08 Kalabagh 58 1200{ 1654 6275 09
Karrang 454
2008/00 2 400 |Neelum- Jhelum 930 930 7605 08
2009/10 1 2 1460 |Tarbela 4th Ext. o680 1811 10876 06
Spat Gah 851
201011 1 2 1480 0 12336 G7
201112 1 1 830 |Basha 1-3 840 840 14006 08
201213 2 1260 |Basha 4-6 8B40 840 16106 09
201314 1 3 3 3890 |Basha 7-9 840 840 20836 07
201415 7 1 3 3830 {Basha 10-12 840 840 25506 o8
201516 1 4 2600 28106 08
201617 1 3 2000 |Kohala 1000| 1000 31106 09
201718 1 4 2600 |Munda 600 600 34306 0.9
Total 20 12 17 21760 12546 34306 co

Role of High Head Hydropower in National Power Mix

Hydropower in general and High head Hydel Plants in particular are ideally suited to serve peak
demand. The most economic method of meeting demand in a thermal hydel solution would be to
suppiement base load by hydels and intermediate class thermal and peaking thermals by High
Head Hyde! facilities. The existing power mix, in Pakistan, is a thermal hydel mix. The lest cost

May-96 12-7
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solution to meel future demand is discussed in elsewhere. The expansion plan can be
summarized as follows:

Thermal Capacity Added upto

YR-2018 MW
* Combustion Turbines 6800
* Private Sector 1293
* Combined Cycle 8180
* Steam (LSFO) 19800

The least cost solution developed by HEPO/SHYDO/GTZ was developed to indicate the impadt of
considering the high head hydel schemes identified in northem NWFP and AJK as candidates.
This resulted in a slight lowering of the NPV and the thermal part of the energy mix changed as
follows:

Year 2018
Base Case | Modified Case Diff.
* Combustion Turbines 6800 2500 -4300
* Private Sector 1293 1293 0
* Combined Cycle 8190 8190 0
* Steam (LSFO) 19800 19800 0

The least cost solution which considered high head hydels as candidates resulted in 4300 MW
less combustion turbine capacity. The high head hydei therefore resulted in:

e Avoided gas fired turbine capacity (peaking turbines)
« Avoided fuel and operation costs of thermat power plants.

The least cost solution therefore in itself, high lights the role of high head hydel plants. The role is:

TO PROVIDE PEAK CAPACITY
TO MEET DAILY SYSTEM PEAKS

Besides contributing towards capacity at peak demand periods the high head hydels also
contribute off-peak energy during the hydrologically wet periods of the year and result in avoided
fuel and operational costs of thermal power plants (there is a cost associated with this as it result
in lower plant factors of themmal planis. This can partially be offset by means of adding
intermediate class thermal plants instead of base load thermal facilities).

FEASIBILITY ON LRMC AND THERMAL EQUIVALENCE BASIS

The economic feasibility on the basis of LRMC and thermal equivaience is summarized as follows:

ECONOMIC EVALUATION OF HIGH HEAD HYDRO POWER
SUMMARY OF RESULTS

THERMAL EQUIVALENCE

COST OF GENERATION : THERMAL EQUIVALENT (BASE CASE)

GAS TURBINE = 5.19 Rs./KWh

COAL FIRED STEAM = 1.77 Rs./kWh

TOTAL = 1.80 Rs./kWh

NPV AT 10% = 3494 MRs.

HYDEL THERMAL OPTION

COST OF GENERATION : HYDEL THERMAL ALTERNATIVE

HYDEL STATION = 1.33 Rs./kWh

COAL FIRED STEAM = 2.50 Rs./kWh

TOTAL = 1.83 Rs./KWh

NPV AT 10% = 3360 M.Rs.

ECONOMIC FEASIBILITY : THERMAL EQUIVALENCE

NET PRESENT VALUE AT 10 % = 135 MRs.

INTERNAL RATE OF RETURN = 11.156 %
May-96 128
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ECONOMIC FEASIBILITY USING MARGINAL COSTS

- NET PRESENT VALUE AT 10 % = 543 M.Rs.

H INTERNAL RATE OF RETURN = 14.57 %

.
ECONOMIC FEASIBILITY USING MARGINAL COSTS

e AND CONSIDERING LOCAL DEMAND

t NET PRESENT VALUE AT 10 % = 555 M.Rs.
INTERNAL RATE OF RETURN = 1468 %

[ . BENEFIT TO COST RATIO = 1.40

|

12,9 FEASIBILITY ON CONSUMER SURPLUS BASIS

The second step in the economic evaluation of the power piant is to establish that the least cost
solution is indeed also economic. This is determined by means of justifying the proposed
investment in comparison to avoided investments in other sections of the econamy.

Benefits and costs to be used for this section are presented in section 12.6. The analysis is
presented as follows:

Economic Feasibility - Consumer Surpius Basis

2-11
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® 2 455 43222 000 43222
g -1 42767 1403.78 000 -1403.78
B ® 0 76225 5294 16053 1978.06 000 -1978.06
a 1 73778 5294 160.93 5028 105223 133.20 844.16 84416 40808
. 8 2 5028 5028 13320 64416 64416 59386
E G 3 50.29 50.29 13320 64416  644.16 593.86
.l B 4 50,20 50.29 133.20 64416 64416 593 .86
g 5 14.49 50.29 6478 13320 64416 64416  579.37
. ‘5 6 50.29 50.29 133.20 844,16 644.16 503,86
[_ g 7 £0.29 50.29 13320 64416 64416 53386
§ 8 50.20 50.29 133.20 64416 644.16 593.86
9 50.29 5020 13320 64416 64416 59386
‘ 10 1449 50.29 64.78 13320 64416 64416 579.37
{_ 1 5029 5029 13320 64416 64416 503.86
12 50.29 5020 13B20 64446 64416 50386
. 13 50.29 5028 13320 64416 64416 59386
U 14 5020 5020 13320 64416 64416  593.86
; 15 86.94 5029 137.23 133.20 644.16 644.16 506.92
16 50.29 50.29 13320 64416  644.16 593.86
17 50.20 50.29 133.20 64416 64416 503.86
18 50.29 5029 13320 64416 64416 503.86
19 50.29 50.29 13320 64416 64416 503.86

20 5313 50.2¢9 103.42 133.20 644.16 644.16 540.73
21 50.2¢ S0.2¢ 133.20 64416 644.16 533.86
22 50.29 50.29 133.20 64416 644.16 583.86
23 50.29 50.29 133.20 644.16 644.16 593.86
24 50.28 50.29 133.20 644.16 644.16 5a3.86
25 1440 50.29 64.78 133.20 644.16 644.16 57937
26 5029 50.29 133.20 64416 644.16 50386
27 5029 S0.2¢ 133.20 644.16 64416 593.86
28 50.23 5028 133.20 644.16 64416 503.86
29 50.29 50.23 13320 64416 644.16 53386
X

169.05 5020 21934 13320 64416 64416 42481
EIRR = 1.3 %
NPV @ 10 = 44173 MRs,
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CONCLUSION

The economic analysis was based on the steps summarized as foliows:

Pakistan-German Technical Co-operation (SHYDO-GTZ)

» The hydel soiution {proposed hydropower ptant) is determined to be the economic choice

when compared to atemative means of serving demand.

e The least cost solution (hydel power piant) resuits in benefits which are iarger than costs.

The result of the economic analysis is summarized below:

Economic Feasibility

NPV M.US$ IRR %

Consumer Surpius Basis
- At 100% consumer surplus 10.52 11.36
Sensitivity

At 50% consumer surplus 5.14 10.67
* At 50% higher projects costs 2.88 10.35
LRMC Basis
* Without iocal demand 12.93 14.57
* With locat demand 13.21 14.68
Thermal Eguivalence Basis 3.21 11.15

Based upon analysis presented above the proposed Daral Khwar Hydel Generating Power Plant

is economic at the stated parameters.

The project should therefore be taken up for construction.

May.G8

1210



Feasibility Study — Daral Khwar Hydropower Project Pakistan-German Technical Co-operation (SHYDO-GTZ)

2o e

Table of Contents

> 1. INTRODUCTION AND SUMMARY
. 2. POWER MARKET
3. TOPOGRAPHY
4. HYDROLOGY
5. GEOLOGY
| 6. ENVIRONMENTAL IMPACT ASSESSMENT

' 7. SELECTION OF PLANT LAYOUT

8. HYDROPOWER DESIGN
9. TRANSPORT AND ACCESS FACILITIES

10. GRID INTERCONNECTION

o g

11. COST ESTIMATES

12.  ECONOMIC ANALYSIS

A K
18/09/98 10:48 C:\PGTCP\Daral-Khwan5s-15-12.00C

e

| .

o

<y

-

§5-15-12 May-98 12-1



B e ARG

PTG

List of Documents For Handing Qver To Bidders

Volumes | S. Description Y
. NO ' o |
Volume 1 | BIDDING DOCUMENTS B \
1 Part|. Bidding Procedures
2 Part |l Conditions of Contract and Standard Forms . \
3 Part Ill. Employer's Requirements I
J CUSTITEIL ST oLl
Volume 2 | - FEASIBILITY STUDY REVIEW REPORT 2008
' 4 Foasibility Study Review Report 2008 B T ‘\
Volume 3 | FEASIBILITY STUDY REPORT 2005 o
‘ 5 K 1. Volume 1.1 of 4: Technical Report - Main Report & Annexes
ts \ 2. Volume 1.2 of 4; Main Report and Appendices T
\7 \ 3. Volume 2 of 4 Economic and Einandial Analyses o
‘ B ‘4. Volume 3 of 4: Environmental Assesment - I
\ 9 \ 5. Volume 4 of 4: Resetiement Plan o
Volume 4

\ FEASlBILlTY STUDY 1998 T
\ 10 \ 1. Main Report Vel 1 ofz

11 {2. Main Report Valzorz
12 \

. Appendlx-2 (The Power Market) - February 17, 1998

-Report and Summary of Resuits .

13 4. Appendix-3 (Topography) - March, 1998
-Stalions Description-

\M \5- Appendix-3 (Topography) - March, 1988 e

,L © Level Spread Sheets
15 5]

. Appendlx-B T opography) March, 1998 ST
-Road Atignment

\ ’ \ 7. Appandix-4 (Hydrological Repor] - April, 1998 -




List of Documents For Handing Over To Bidders

t‘( \ 8. Appendix-5.1 (Geology_ - April, 1998 T

|
18 ‘ 3. Appendix-5.2 (Geology) - April, 1997 o
-Geophysical Prospecting ' \
-Field Control of Geological Mapping - | A
-Enginearing Geology (Volume 1 & 2)
19 10.- Appendix-8 (Environmental impact Assessment) - April, 1998
20 11. Appendix-7 (Selection of Plant Layout) interim Réport No. 1, 1a& 2
21 12

. Appendix-8 (Hydraulic and Stafic Pre-Calculations) - May, 1998

\ 22 \ 13. Appendix-8 (Transport and Access Facilities) - May, 1998

\23 \14. Appendix-10 (Report and Load Flow, Short Circuit and Stability

Analysis)
\ 24 15-.
Lzs
\ 26 \ 17. ATLAS Geologlcal and Geophysical Prospection (Penslock Area)
Volume 5 |COMPOSITE SCHEDULE OF RATES (KHYBER PAKHTOONKHWA] 200

Appendix-11 (Cost Estimate Civil Works) - March 1998

\16. Appendix-12 (Economic Analysis) - May 1998

;
) , l
FT \ Composite Schedule Of Rates (Khyber Pakhtoonkhwa) 2009




HYDROPOWER DEVELOPMENT IN
IOUNTAINOUS AREAS OF N. W.F.P.

SHYDO
PESHAWAR
PAKISTAN

FEASIBILITY STUDY | \ ‘
DARAL KHWAR |
HYDROPOWER PROJECT :\ K
MAIN REPORT | .
Vol. 2 of 2 \|
May 1998

1

)
=

PAKISTAN GERMAN TECHNICAL COOPERATION

/. 7
%Q SARHAD HYDEL DEVELOPMENT ORGANIZATION \ ’7

Deutsche Gesellschaft fir Technische Zusarmmenarbert (GTZ)GmbH




’n/dl v

e )u‘r('

CARAL KHWAR HYOROPOWER PLANT - CONCEPTUAL DESIGN - List of Drawings - Ouoba 1997 V\&/ uf

DARAL KHWAR HYDROPOWER PROJECT

ANNEX

1.1
1.2
1.3

2.1
2.1.2

2.21
2.2.2
2.23
2.2.4
2.25

2.3.1
2.3.2
233
234

2.4.1
2.4.2
243
24.4

KR
31.2
3.1.3
314
315
3.16

317
3.1.8
319

3.1.10

LIST OF DRAWINGS

DESCRIPTION
GENERAL DRAWINGS

LOCATION OF THE PROJECT AREA (MAP)
GENERAL LAYOUT
GENERAL LONGITUDINAL SECTION

WEIR, INTAKE AND SANDTRAP AREA

WEIR, INTAKE AND SANDTRAP: LAYOQUT
WEIR, INTAKE AND SANDTRAP: GENERAL LONGITUDINAL SECTION

WEIR AND INTAKE; LAYOUT

WEIR: SECTIONS, PART 1

WEIR: SECTIONS, PART 2

INTAKE: SECTIONS

CONNECTION TUNNEL AND GRAVEL SPILL: TYP. CROSS SECTIONS

SANDTRAP AND HEADRACE CANAL : LAYOUT

SANDTRAP AND HEADRACE CANAL : LONGITUDINAL SECTION
SANDTRAP: CROSS SECTIONS

HEADRACE CAMAL: CROSS SECTIONS

RIVER DIVERSION, ORIGINAL SITUATION
RIVER DIVERSION, FIRST STAGE

RIVER DIVERSION, SECOND STAGE
RIVER DIVERSION, T~IRD STAGE

"CONDUIT SYSTEM
HEADRACE TUNNEL: CONVENTIONAL HEADING

HEADRACE TUNNEL, TYPICAL CRQOSS SECTION, ROCK CLASS A
HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS B
HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS C
HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS D
HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS E
HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS F
ACCESS TUNNEL, TYPICAL CROSS SECTION, ROCKCLASSD
ACCESS TUNNEL, TYPICAL CROSS SECTION, ROCK CLASSE
ACCESS TUNNEL, TYPICAL CROSSSECTION, ROCK CLASSF

ACCESS TUNNEL, TUNNEL PLUG WITH TUNNEL DOCR

{ CONDUIT SYSTEM - CONTINUES )

\RA-DWG ALS 1997-10-27

SCALE  Drawirg

1 1.5 Mio o75-
1:10,000
1:10,000

1: 500
1: 500

. 200
;200
. 200
. 200
50

1 200
: 200
: 200
1 200

- 500
- 500
- 500
- 500

O G S Y e N Gt S ¥

B - Tt N—y

1. 50
T 50
1 : 50
1: 80
1 : 50
1. 50
1 50
1 : 50
1 : 50
1:100 875-

page 10f 2

™

23

N



DARAL KHWAR HYDROPOWER PLANT - CONCEPTUAL DESIGN - List of Drawings - Ocloner 1997
CONDUIT SYSTEM . conTINuATION
HEADRACE TUNNEL: TBM - DRIVING

3.1.11 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
31.12 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
3113 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
31.14 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
31.15 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
3.1.16 HEADRACE TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS
3.1.17 ACCESS TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS D

3.1.18 ACCESS TUNNEL, TYPICAL CROSS SECTION, ROCK CLASSE
3.1.19 ACCESS TUNNEL, TYPICAL CROSS SECTION, ROCK CLASSF

(RS AN
Yy Ca e C

(SN A FINE

w

Mmooy
o0 oo

[ O T U N Ut S Y G G |

o n

321 SURGE TANK, PENSTOCK AND POWERHOUSE: LAYOUT 1

322 SURGE TANK, PENSTOCK AND POWERHOUSE: LONGITUD. SECTION 1

3.23  SURGE TANK AND VALVE CHAMBER AREA: LAYOUT 1:

324 SURGE TANK AND VALVE CHAMBER AREA: LONGITUDINAL SECTION 1. 500
3.25 SURGE TANK: TYPICAL CROSS SECTIONS 1:

326 SURGE TANK: VERTIKAL SECTIONS 1

3.3.1 PENSTOCK TUNNEL, TYPICAL CROSS SECTION, ROCK CLASS O 1 50
3.3.2 PENSTOCK TUNNEL, TYPICAL CROSS SECTION, ROCKCLASSE 1 50
333 PENSTOCK TUNNEL, TYPICAL CROSS SECTION, ROCK CLASSF 1 : 50
334 VALVE CHAMBER, PLAN AND SECTIONS 1 0200
3.35% EMBEDDED PENSTOCK, TYPICAL CROSS SECTION, OPTIMAL TERRAIN 1 50
336 EMBEDDED PENSTQOCK, TYPICAL CROSS SECTION, FILLED GROUND I 50
3.3.7 EMBEDDED PENSTOCK, TYPICAL CROSS SECTION, DEEP CUTTING i 50
338 EMBEDDED PENSTOCK, ROAD CROSSING STRUCTURE 1 1360
POWERHQUSE

4.1 POWERHOUSE, LAYOUT 1500
4.2 POWERHOUSE, PLANS-UNDERGROUND STRUCTURE 1: 200
4.3 POWERHOUSE, PLANS - SUPERSTRUCTURE 1: 200
4.4 POWERHQUSE, CROSS SECTION EELTON - TURBINE 1: 200
4.5 POWERHOUSE, CROSS SECTION FRANCIS - TURBINE 1 200
4.6 POWERHOUSE, LONGITUDINAL SECTIONS 1:200

1:200

4.7 POWERHOQUSE, VIEWS FROM EAST- AND NORTHSIDE

MISCELLANEQUS

s ACCESS ROAD TO SURGE TANK AREA 1:23500
52 TENTATIVE TIME SCHEDULE FOR CONSTRUCTION .-

o

PHOTODOCUMENTATION

PAGES Pt - P15

OARA-DWG XLS 1997-10-27 page 2 or 2



1:1500 0

Vol

a0 e

00

N ! SN ‘]“: . luy;r/ 4180 .
6340 o 7 - "‘"f’ ' 61w . - PITPITARS
7 - ! ESIIEN SHIn - - - 4 sy
s W ANNEX 11
” 1! 5
| Ch;:\ral o 7 aao
f LT x: B Mesop bt 6t szt P .
T e 5391 vl )
: | ! .
- Borg o Mauil, - ‘ L . E ‘ﬁl"‘"' K o H { By T' A N © At <
. - ’ : 7] e ‘ swaz, Mw
i - ~ I ; l by N 3, o
. \1 ) s ~ Drosh \ai . L A et ——
vy . { : T 3, AT \\‘ iz
Yo e Ml " G ke 4817 L T R (L N r T
Ctaml 3 “m‘ly';‘ - ity RN "“""_/;“m j vasr L, ny ey, ) P
N jgor P Sodwoi i b
s ‘q - # loworoi Ppra ! :bllm 49’5 DAR# KHWAR'
. 1 ' s.umnnll [Py . \\ ane } far, »
‘R E 5 . % i l.lunlw\'l.* Ards o ; ,' k ‘5 . A
-\ v
Khawai K O N A R + By N ‘_\ B o :‘- . —IA..A"
' ) : , !
™ a2 . 4,__3/ P 40031 .0 A,
) , ' Sanagl g Galiot ‘1”\ .
35 "q“' i B . ‘_;i-l" -
. A:mu Tar Larowy = ' C ’:qu
/f‘ b Nmuu Poss " ¢ Ve Pt (o~ i { ;
¥ h o Kumpar v : ] L)
- . mn\umh%_s:r_:"unﬂ
Tt Mo, \ o ‘
l 2892 .i'a . 3d34
P '  Munglaws i 5 . e t .
Hln“fi “A:.nurm ¢ n’lllul* INGAURA i Swinginy Br;ag;- \‘y‘ 1
. iy 3043 ; 0 "
» Ja1s N e
Muisruwm, 'l b vumls M SAIDU : B M
Nawegnt ; ‘ Viu Ii‘ any ;.,.,:,. ¥ o \.,..i\?m Capnl, Es [y ks
foo [ K G e o™ P o e
e 13{! ! otakaa Jur v ? : G ,’\"\( i‘v i)
) v M-;luhma H!n myfu-m;u by ‘ ) e
Kandhurs LU Tu a :( .
”’r R . F -~
~ 1611 N* O R T H he W E S Tﬂahhuu’» Yy dﬁE“l i
P T \! Guchy
Gymaadl ..,,ll,,;‘"-.l. " R ' \l: . \\Ba > l:":a\ "”‘;1’_-_ Ly
SNt Ty (TS L L Khok V1 X
Tang) ) i, TR i ) \ 50N,
o Ty s “' . i Whﬁ;x:-:n‘ o Myatn ' © - - b Marpsahra ;’,/ hed Ford , Muzateralay
o e wed Edic v [ ' T c
Nuu In‘ h-f M.‘mhun R;ndbhabﬂddaf Uuunm Awk( " N 3‘; : | YT - < - n \\\ =
\ Ulmanm _'294. ~->\* Y Gk Kopes: | m-a.. ” ¢ . bk '4’(
ud-n... Sper : =" ;' MARDAN \ s e o b p
N E'r:w i, m e ...mc.-rkﬂharsadda 7 gisal -,s“mgl‘"m . ey e ""f"'"‘ ';.'.'.L..‘"!.’é -
5 Jamod 1 Salpur ’/ : ad " e
\"1 . EQH_AW._AB. ~V ‘Canlonmenl o Ty Ta b ]a i ijlabal %Salhaum. - Fwon M
LRI g Mt I’ahbh}o R \. 29 ke 76& fnu N, Hivllun EnL-. a
- i ' i o e
K.z Mesgen, o, Museun o Nowshera """"“"' Pt / G'"' Hanp Wy e R T iy e
K wig - 7 e
) ) .‘ - ’]t | H“m rl« &// e ) H\llfh:sgvl!]/ \ “
Dot F 1, ot gi A
5k ) & - Armz Foctyrios Amluanrlrns Amll:.k 74 2 H&SﬂfAbd&l/WAH) N J__/— e ﬁu“,;“; .
- Y ""“'i Ade Kiai Uola 1338 . m“"'“ - [t “og At £ WONMENT: = A s [y -
sa—:,u- . 4 - \\ - q Wli‘ £ 4 f ™~
/ E(\— R .. . A- CAWBELLPORE Jg 1l e ISLA%? g Co .
Gidse Khwals Kial_ ‘h/ » -J 5u-rl:t of g Cm:‘s s cdern new Copatal’ I‘.'”‘"' 3 e =t
. : VA Blan Mow g, Sinsu ol s
- o ! A::.::.,:;;.c:;m:.,.‘.,Taxﬂa . gg, RAWALPINDI” <
Pink Siral’ Sasal —:71,.,,.-' / _*M;hlmy Mm:um
S ‘ . oty o~ e s TR © Kahuis
' Pid Saand b T Fagahjaug Thelsa LA -
. “‘.'f;‘ - ‘l Duas Pria ' h? / T Basa "(&l'"" Cuandi 1ugna
[ Jod diedu S e - Knilaa
- i . T
L e P O T W A R / ‘j";'" : <F Katim Baay
. Ohek Sarwaks S / C Sibal Mandia | =
Qautiam l‘j dnsinat S = i uu“"‘ J%’\Mg\’ ) .i' O_‘ Wawah P!
- Shabarsan : e - Y Ce %
-7 hm_‘: . o e Pindi Gheb | nam & [ e : - -
Banssw Khnt - 4 lunng.m "‘
., o } ; Gujan%, .
- - i Uhalies v S - Dasans Khan s
Mo - " Boeh Fain [ " bl \ S S New mu s
e s P LA TUER U oot .
“ow o ay by EU R GOVERNMENT OoF NWT'P
SO S S . ) % o~
i ¥ T t i [ L
o W I 40 6U muics Q PAKISTAN GERMAN TECHNICAL COOPERATION 9&_4 )

SARHAD HYDEL DEVELOPMENT ORGANIZATION

Devtschs Gessiischalt i Technischa Zueammeuarbell [GT21 Swur

CONCEPTUAL DESIGN
DARAL KHWAR HYDROPOWER PROJECT

LOCATION OF THE PROJECT AREA

DATE JUNE 1997 DRAWN HINUM

SCALE 1. 15 Mio. DESIGN €o 4 Lwue.







N
-
>
L
Zz
Z
<

i

1

i

1
g0 100gm

&00

400

GOVERNMERT OF NWFP

57y
m.n.w
&5 u
el
R
RS
g3
R
ol
TE i
2y 3
O F =
i
I8z
wg i
2w 2
« 0
P
a
Lo
[
I
MDm
o g
M
« % {
P
i3
. 4

CONCEPTUAL DESIGH
DARAL KHWAHR HYDRORPOWER PROJECT

~
193
il

A\A OO

AL LAYOUT

NER

GE

—

i



GENERAL LONGITUDINAL SECT iON 1: 10,000

BER

‘HEAéRACE TUNNEL

L = 3044m, NeT CROSS SEC ARZA Rdim2

..MAX. ROOK COVER  APRR,

VALVE CHAM

b- .. POWERHOUSE

AL CRORAMG. SIHUT Mg

RN I I S SO S S AN I LR

ROCK GLAZEIFICATION

2008 & 1 P,
{ ACCORDIG LAUEFER | | W™ 8, 3% 2 4

ww |66 imwiglalg




o

| = 0’0\/%\,"
= A QUI__J//S —~—/

Wik iy, TR “ﬂ-} -
Eﬁlﬁ.ﬁlnm‘!m -

@I_Hﬂ_plmvmr_;
L1 LI /]




Tt i

~_LAYOUT 1

b N e mmom e BTl I

| ———— T T . -
L e A r ey R R ETE E b,
-
»

?f;‘jf'—;* FaSule T
A .JTC’J N/’ '—\/_‘\/\N‘*:_;d
=1

i
e s
-

’a -

a—

2, ™

&

/_

= 123

GOVERNMENT OF NWFP

SARKAD HYDEL DEVELOPMENT ORGAMZAION

,oc Ll
H QQ PAKISTAN GERMAN TECHNICAL CO-OPERATION g 7

Daviscw

IGTT Gaws

i Terwmacns 7.

CONCEPTUAL DESIGN

~\'-\ - | DARAL KHWAR HYDROPOWER PRGJEC
A R K NDTRAP v
\\.\\ WEIR, INTAKE, SANDTR LAY
\\\\ wart autUzl 199 chswn [
\ SCALE 1 osoE DESH~ e
P o T




: _ONGITUDINA
< - ' NAL.. SECTION 1: 500
=z
< ¢
200, 32.00 200, 400 r - xe pr
i et 232 200 40.00
J Y Y
<
- 29.89
i
-z
WEIR ¥ gkB
< w? Ok @
DESIGN FLOOD oE B8 wl Q
CROPPING ROCK HR